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This report documents an evaluation of driver characteristics and how they affect 
highway design and traffic operations standards. The study involved the identifi-
cation of all standards which are a function of a driver characteristic; the 
development of a population profile for each characteris"tic; calculation of the 
sensitivity of each standard to realistic cb.anges in a driver characteristic; and 
recommendation of changes to current specification values for driver characteristics 
and to standards.-. The study found generally inadequate consideration of driver 
characteristics in the development and application of current standards. The report 
provides detailed examination of the driver characteristics perception-reaction 
time, driver eye height, vision, information processing capacity, age, sex, and 
pedestrian walking speed. The report recommends modifications to several design 
and operations standards which currently do not accurately depict the actions 
required of the driver in a particular situation or do not adequately ce■pensate 
for the needs of the driving population. ---
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NOTICE 

This document is disseminated under the sponsorship of the Department of 
Transportation in the interest of information exchange. The United States 
Government assumes no liability for its contents or use thereof. 

The contents of this report reflect the views of the contractor, who is 
responsible for the accuracy of the data presented herein. The contents 
do not necessarily reflect the official policy of the Department of 
Transportation. 

This report does not constitute a standard, specification, or regulation. 

The United States Government does not endorse products or manufacturers. 
Trade or manufacturer's names appear herein only because they are considered 
essential to the object of this document. 



TABLE OF CONTENTS 

Page 

LIST OF TABLES .......................................... iv 

LIST OF FIGURES ......................................... vii 

I. INTRODUCTION.· ..................................... 1 

PROBLEM BACKGROUND. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

STUDY OBJECTIVES AND SCOPE. . . . . . . . . . . . . . . . . . . . . . l 

ORGANIZATION OF REPORT .......................... 2 

II. IDENTIFICATION OF STANDARDS ..........•............ ·3 

GEOMETRIC DESIGN STANDARDS ....................•• 3 

TRAFFIC OPERATIONS AND TRAFFIC CONTROL 
DEVICE STANDARDS. . . . . . . . . . . . . . . . • • . . . . . . . . . . . . . • 16 

III. PROFILES OF DRIVER CHARACTERISTICS ....•........... 21 

AGE A.ND SEX. . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • 21 

VISION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 4 

DRIVER EYE HEIGHT ............... : . . . . . . . . . . . . . . • 2 7 

PERCEPTION-REACTION TIME ........................ 33 

INFORMATION PROCESSING CAPACITY •........••••...• 45 

PEDESTRIAN Wl.LKING SPEED ......................•• 46 

IV. SENSITIVITY ANALYSIS AND CRITIQUE OF 
SPECIFICATION ..................................... 49 

STOPPING SIGHT DISTANCE.. . . . . . . . . . . . . . . . . . . . . . . . 49 

PASSING SIGHT DISTANCE .............•.•.•.•.....• 53 

DECISION SIGHT DISTANCE ...........•.••..•.....•. 55 

INTERSECTION SIGHT DISTANCE--CASE I .......•..... 56 

INTERSECTION SIGHT DISTANCE--CASE II ............ 57 

ii 



TABLE OF CONTENTS (continued) 

Page 

INTERSECTION SIGHT DISTANCE--CASE III ........... 61 

INI'ERSECTION SIGHT DISTANCE--CASE IV & V ........ 62 

RAILROAD-HIGHWAY GRADE CROSSING SIGHT ..••....... 62 

RAILROAD-HIGHWAY GRADE CROSSING SIGHT 
DISTANCE--CASE II ..•..••................•....... 67 

CREST VERTICAL CURVE LENGTH ..........•.......... 68 

SAG VERTICAL CURVE LENGTH ....................... 70 

LATERAL CLEARANCE TO SIGHT OBSTRUCTIONS 
ON HORIZONTAL CIRCULAR CURVES ................... 72 

HORIZONTAL CURVATURE, •••...•••.••..•.••••••..••. 76 

SIGHT DISTANCE MEASURING CRITERIA .....•....•.... 79 

ADEQUATE GAP TIME FOR SCHOOL CROSSING 
TRAFFIC SIGNAL WARRANT .......................... 86 

VEHICLE CHANGE INTERVAL FOR TRAFFIC SIGNALS ..... 92 

PEDE ST RIAN SIGNAL TIMING. . . . • . . . . . . . . • . . . . . . . . . . 9 3 

SIGN LETTER HEIGHT ..................•........... 97 

V. DISCUSSION AND RECOMMENDATIONS ..............•..... 102 

STANDARDS BASED ON DRIVER/PEDESTRIAN 
CHARACTERISTICS ....•............................ 10 3 

STANDARDS THAT ARE SENSITIVE TO 
DRIVER CHARACTERISTICS •..........•...........•.. 103 

DRIVER/PEDESTRIAN CHARACTERISTIC 
SPECIFICA!I'IONS . .•..•...................•..... ." .. 10 3 

REFERENCES •••••••..•••..••.•.•...............•..••••..• • 107 

iii 



f 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

LIST OF TABLES 

References Reviewed to Identify Standards 
Based or Dependent on Driver Characteristic ..... 4 

·Standards Based on an Explicit Specification 
of a Driver Characteristic ....................•. 22 

Distribution of Drivers by Age-Group 
and by Sex. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3 

Percent of Population Registered to Drive 
by Age-Group. and by Sex.. . . . . . . . . . . . . . . . . . . . . . . . 23 

Annual VMT Driven by Age-Group and by Sex •••.... 24 

Comparison of Acuities of UK and USA Drivers .... 26 

Per7e~tag~ of Population with Various Color 
Def1.cienc1.es. • . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 8 

Historical Summary of Automobile Driver 
Eye Height Study Results. • . • • • • • • . • • • • • . . . . • . • • • 30 

Summary of Studies on Brake Reaction Time 
Studies .........................••...........••. 34 

Perception-Brake Reaction Time for Various 
Percentiles of Driving Population ............••. 37 

Perception-Reaction Time for Various 
Percentiles of Driving Population Related to 
Ca~es I & II, Intersection Sight Distance ........ 39 

12 Estimated Perception-Reaction Times for 
Various Percentiles of Driving Population 
Related to Railroad-Highway Crossings ...•...•••. 42 

13 Stopping Sight Distances and Percent Change 
From Current Computed Distances for Three 
Values of Brake Reaction Time ........•.•.•.•• : •• 52 

14 Effect of Changes in Initial Maneuver Times 
Necessary for Passing Sight Distance ......••.... 54 

15 Sensitivity Indices for Decision Sight 
Distance with Respect to Change in Driver 
Characteristic Specification .............•••.•.. 55 

iv 



LIST OF TABLES (continued) 

Number Page 

16 Actual Sight Distance Required for Case I 
Intersection Sight Distance Base on Suggested 
Revised Formulation .............................. 55 

17 Computed Cas~ II Intersection Sight Distances 
Based on Various Values of Perception-Brake 
Reaction Times . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 0 

18 Changes in Case III Intersection Sight 
Distance as a Function of Changes in 
Perception-Reaction Time ......................... 63 

19 Sensitivity Indices for Distance Along the 
Highway With Respect to a Change in 
Perception-Reaction Time. . . . . . . . . . . . . . . . . . . . . . . . . 65 

20 Sensitivity I.ndices fo.r Distance Along the 
Track with Respect to a Change in Perception-
Reaction Time ..................................•. 65 

21 Changes in Sight Distances at Railroad-Highway 
Grade Crossings for Stopped Vehicles to Cross 
in Front of Train with Changes in Driver 
Characteristic Specification ..................... 67 

22 Stopping Sight Distance Deficiencies on Crest 
Vertical Curves at Design "K" Values •..........•. 68 

23 Design Crest Vertical Curve "K" Values for 
Various Driver Eye Heights and Perception-
Brake Reaction Time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6 9 

24 Stopping Sight Distance Deficiencies on Sag 
Vertical Curves at Design "K" Values ...........•. 71 

25 Design Sag Vertical Curve "K" Values for 
Various Perception-Brake Reaction Times .......... 73 

26 Percentage Change in Middle Ordinate Distance 
per One Second Change in Perception-Reaction 
Time ............................................. 74 

27 Maximum Allowable Perception-Reaction Time 
on Horizontal Circular Curves ..................•. 75 

V 



LIST OF TABLES (continued) 

Number Page 

28 Changes in Minimum Radius for Changes in 
Side Friction for Two Values of e and v .......... 77 

29 Sizes of Objects Which Can Be Sighted at 
the Design.Stopping Sight Distances.; ....•....... 80 

30 Sizes of Objects Which Can Be Sighted at 
the Passing Sight Distance .•....•......••.•.....• 81 

31 Changes in Letter Height for Changes in 
Letter Legibility .......................•..•..... 98 

32 Comparison of Required Versus Actual 
Legibility Distances According to Driver 
Population .. ..................................... 101 

vi 



LIST OF FIGURES 

Number 

1 Intersection Sight Distance at At-Grade 
Intersections......................... . . . . . . . . . . . 9 

2 Maximum Safe Side Friction Factors •.............. 15 

J Cumulative Distribution of Static Acuity Scares 
for Passenger Car Drivers, Both Sexes, All Ages .. 27 

4 Cumulative Distribution of Lateral 
Field of View .................................... 27 

5 Case III Intersection Sight Distance--Driver of 
Stopped Vehicle Scanning Approaching Roadways .... 40 

6 Sensitivity Indices Related to Design Speeds for 
Minimum and Desirable Stopping Sight Distance •••• 50 

7 Maximum Allowable Perception-Reaction Times for 
Case I. Intersection Sight Distance Design 
Values Based on Revised Formulation •.•••..•....•. 59 

8 Percent Change in Current Computed Distance 
Along the Track for Three Values of 
Perception-Reaction Time ........•.••......••..... 66 

9 Percent Change on Current Distance Along the 
Highway for Three Values of Perception-
Reaction Time. . . • • . . • . • . . . . . . . . . . . • • . • . . . . . . . . • . . 6 6 

10 Percent Change in Minimum Radius as Function 
of Percent Change in Side Friction Factors ...•••• 78 

11 Approximate Maximum Visibility Distances to 
Pedestrian During Nighttime Conditions Based 
on Actual Pedestrian Reflectance Distributions ... 83 

12 Maximum Visibility Distances to Pedestrians 
Under Nighttime Conditions--No Fixed Ambient 
Lighting, No Oncoming Glare ..............••••• : .. 84 

13 · comparison of Observed "Oncoming Glare" 
Visibility Distances to Observed "No Glaren 
Visibility Distances ............................. · 85 

vii 



LIST OF FIGURES (continued) 

Number Page 

14 Functional Rate of Change in Adequate Gap Time 
with Respect to a Change in Pedestrian 
Perception-Reaction Time and as a Function 
of the Number of Rows and Roadway Width .......... 88 

15 Fractional Change in Adequate Gap Time with 
Respect to a Change in the Walking Speed as a 
Function of the Number of Rows and Roadway 
Width...... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89 

16 Fractional Change in the Perception-Reaction 
Time with Respect to a Change in the Walking 
Speed as a Function of Roadway Width ............. 91 

17 Additional Time Beyond Clearance Interval 
Required by Slow Pedestrian Crossing a Street ••.. 95 

18 Effect of Varying Walking Speeds on the Final 
Position of Pedestrians at Typical 
Inter sections •..•................................ - 9 6 

19 Percent Change in Minimum Letter Height as a 
Function of Percent Change in Letter Legibility .. 99 

viii 



I. 1 NTROOUCTIO~ 

PROBLEM BACKGROUND 

Highways are designed and operated to 
meet the mobility needs of people and 
their vehicles. Since the driver and 
the pedestrian are an integral part of 
highway design and operation, it is 
axiomatic that the capabilities of these 
users be considered in the formulation 
of design and operation standards, reg­
ulations or guidelines. 

This being true, it is quite surprising 
that the characteristics of the users 
are given little formal attention in the 
design of the highway facilities they 
use. Consider the fact that in none of 
the current design manuals (e.g. 1,2) 
pu~lished by the American Association 
of State Highway and Transportation 
Officials (AASHTO) is there a specific 
discussion of a "design driver"* while 
there is for design speed. design vol­
ume and design vehicle. There are 
specifications. of sort, for driver 
characteristics of driver eye height, 
perception-reaction times, etc. , but 
these are prescribed for specific stand­
ards. Likewise, in the Manual of Uni­
form Traffic Control Devices (]), only 
casual reference is made to satisfying 
driver characteristics with only a few 
specific specifications established. 

The notion of a design driver has al­
ways been a difficult concept to ad­
dress. There are several human charac­
teristics, both anthropometric and 
physical performance, that affect driv­
ing and walking. For many of 
these characteristics there is a con­
siderable variation among the public,_ 
Even for any individual there may be a 
variation in his/her physical perfor­
mance depending upon the highway situa­
tion or the person's condition. Also, 
it is not clear how driver characteris­
tics are related co effective highway 
design and safety. It is understand­
able, then, that a "design driver" has 
not been formulated in official design 
guides. 

Periodically, highway design standards 
should be reviewed in the light of 
changed con_ditions. In regard to driv­
ers, there is a need to obtain basic 
data on any changes in the population 
distribution and assess the effects of 
these changes on highway design and 
operation standards. One of the diffi-

-li'fhis study deals with both drivers and 
pedestrians; hence whenever "driver" is 
used it is meant to include pedestrians 
as well. 
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culties in deciding how far to carry 
high~ay design changes is chat the pro­
portion of drivers affected by standards 
is not known. 

STUDY OBJECTIVES AND SCOPE 

Concern for the above mentioned issues 
has led to this study. Its specific 
objectives are enumerated below: 

1. Identify highway design and traf­
fic operations standards, regula­
tions and guides that involve 
driver characteristics. 

2. From available sources derive the 
distribution of the identified 
driver characteristics in the 
U.S. driver population. 

3. Determine the sensitivity of the 
standards to changes in the driv­
er characteristic specification. 

4. From distribution data determine 
the proportion of the driving 
population excluded or inconven­
ienced by changes in driver 
characteristic specifications. 

5. Indicate where present driver 
characteristic specifications are 
too conservative (established 
specification is too severe in 
relation to the population dis­
tribution) or too liberal. 

6. Indicate where a more precise 
determination of the population 
distribution for a specific 
driver characteristic would ap­
pear co be justified. 

The scope of the study deals with all 
highway geometric design and traffic 
operation standards, regulations and 
guidelines* as adopted by the Federal 
Highway Administration (Fm.IA), AASHTO, 
the Institute of TransportatiQn En­
gineers (!TE) and other nationally rec­
ognized agencies. For the most part, 
the standards were those contained in 
the AASHTO manuals and the MtrrCD. 

In developing data on driver character­
istics, available literature was the 
primary source supplemented by contacts 
with various agencies and individuals. 
Laboratory or field research was beyond 
the scope of the study. 

*Unless otherwise specified, the term 
standard will be used to include regu­
lations or guidelines. 
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ORGANIZATION OF REPORT 

The remainder of the report is organized 
into the following chapters: 

• Chapter II describes the geometric 
design and operations standards 
which have a driver characteris­
tic as a basis and identifies the 
driver characteristic and current 
specification. 

• Chapter III presents data on the 
driver distribution profile for 
the relevant driver characteris­
tics. 

• Chapter IV discusses how the vari­
ous standards are affected by a 
change in the driver characteris­
tic. 

• Chapter V summarizes the key find­
ings and presents recommendations . 



II. IDENTIFICATION OF STANDARDS 

Ir. order to identify the relevant stand­
ards, numerous geometric design and 
traffic ~perations manuals, handbooks 
and guides were reviewed. A complete 
listing of these is provided in Table 1. 
For each of these an indepth review was 
performed to identify those standards 
which are based on a driver characteris­
tic stated either explicitly or implic­
itly. These standards with their rele­
vant driver characteristics are identi­
fied in this chapter. 

The order of discussion is first geomet­
ric design standards and then traffic 
opera~ions and traffic control device 
standards. Within these two groups, 
standards which are based on an explicit 
specification of a driver characteristic 
are presented first followed by standards 
chat imply a driver characteristic. 

GEOMETRIC DESIGN STANDARDS 

Although there are several design guides 
related co geometric design, those pre­
pared by AASHTO are the primary refer­
ences and are the sources of the identi­
fied standards. FHWA does not publish 
geometric design standards but does 
adopt by reference those prepared by 
AASHTO (4). 

During the course of this project, 
AASHTO, through its committee structure, 
had prepared drafts of a new design 
policy manual entitled A Policy on Geo­
metric Desi n for H-i hwa s and Streets 

vent oug not o ~cia y approved 
as an AASHTO policy, it was used for this 
project since it represented the most 
recent position of design engineers and 
would likely be approved and adopted 
eventually. Also, as it turned out, our 
review of the drafts uncovered some 
errors and inconsistencies which could 
be taken into consideration for the 
final draft. 

Major Design Controls 

le should be noted from the outset that 
highways are designed on the basis of 
some key parameters; namely, the current 
or projected volume and directional dis­
tribution of traffic, vehicle mix, the 
level of service, and the desirable speed 
and the degree of access control. Once 
these parameters are set then certain 
specific features can be designed. For 
example, the minimum and desirable stop­
ping sight distance is determined from 
the desired design speed. 

The driver is not a major design control. 
That is to say.when the overall design 
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type of a highway is being determined, 
the types and characteristics of the 
driver are not explicitly considered. 
Driver characteristics, however, are con­
sidered within the specific elements of 
geometric design as will be evident from 
the following discussion of the relevant 
geometric design standards. 

Stopping Sight Distance 

AASHTO states the following regarding 
stopping sight distance: 

"Sight distance is the length of 
roadway ahead visible to the driver. 
The minimum sight distance available 
on a roadway should be sufficiently 
long to enable a vehicle traveling 
at or near the design speed co stop 
before reaching a stationary object 
in its path. Although greater length 
is desirable, sight distance at every 
point along the highway should be at 
least that required for a below­
average operator or vehicle to stop 
in this distance. 

Stopping sight distance is the sum of 
two distances: the distance traver­
sed by the vehicle from the instant 
the driver sights an object neces­
sitating a stop co the instant the 
brakes are applied and the distance 
required tcf stop the vehicle from the 
instant brake application begins. 
These are referred to as brake re­
action distance and braking distance, 
respectively." (5) 

In mathematical terms, stopping sight 
distance is formulated in the following 
expression: 

v2 
SSD = 1.47 PV + )O(f~g) 

(ssD 

where: 

V2 I* 
0.28 PV + ZSS(f+g)) 

SSD ~ stopping sight distance, 
ft (m) 

P brake reaction time, sec. 

V = initial speed, mph (km/h) 

f coefficient of friction 
between tires and road­
ways 

g = grade. 

~As a convention, the equation with the 
SI (metric system) equivalents will al­
ways be shown in parentheses below the 
equation using the English units whenever 
it is different. 
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or Dependent on Driver Characteristics 
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A ,_Licy ca Gaoaatric O..ip of Riahvaye uul Str■ete, Draft 
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of Hi1hvay■ and Streets. 1977 
Highway Design and Operational Practice■ Related to Highway Safety, Second 

Edition, 1974 
A Policy on Deaign of Urban Ri5hwaya and Arterial Streets, 1973 
Ge0111etric Design Guida for Local Roads and 5treet9, 1971 
A Policy on De■ ign Standards for Stopping Sight Distance, 1971 
~nual for Signing and Pavement Marking of cha National System of Interstate 

and Defense Highways, 1970 
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~anual on Uniform Traffic Control Devices and Part Vt of the Traffic 
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Englewood Cliffs, NJ, Prentice-Rall, 1976 

..;;G.;;;u.;;;1.;;;d~e::;l::;in::.•::;s:-=if~o~r:.....:U"'r"'b~an=-~M&=J.;;;o.;;;r...:.S;;.t;;.re;;.e;;.t:....:D::.;e::;s::.;i~g-=n• (Tentative Reco11111ended Practic•), 
!-lay, 1979 

Guidelines for Driveway Design and Location, (Reco11111ended Practice), 1975 
Freeway Entran.cs Ra.mp Di9plays, (Recommended Practice), 1975 
A Program for School Crossing Protection, (Reco11111ended Practica), 1972 
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Unifora Vehicle Cod• and Model Traffic Ordinance, 1968 edition (includin1 
Supplae.ac III issued 1979) 
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Interim Material• on Highway Capacltz 1 Transportation Research Circular 212, 1980 
Geouietric Destin Standards for Low-Volume Road■, Compendium 1, 1978 
Highway Capacity M&nual 1 Tranaportation Research Board Special Report 87, 1965 
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11111 look Company, 1968 
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The AASHTO (5) scandards for stopping 
sighc discance are rounded from che com­
puted valu11. In all but one inscanc1, 
chi rounded value• exceed the computed 
valu11, thereby providLn1 slightly 1110r1 
chan 2.5 second• for perception-reaction 
time. The minimum value for a design 
speed of 50 mph (80 km/h) is less chan 
the accU&l computed value (375 ft 
(tl4.J m) vs l76.4 fc (ll4.7 111)}. How­
dver, cha efface of chis shortfall 11 
chac cha maximua allowable perception­
reaction ci:ne is reduced only ta Z.48 sec. 

As formulated above, there are chree 
basic human perfoniance characteristics 
considered for stopping sight distance: 

• ?isual Capability• ability co 
detect and perceive an object in 
cha roadway 

• Information Processing - abilicy 
co assess cha information per­
ceived and decide upon alternate 
course of action, i.e., decision 
making 

• Brake Reaction• response time in 
moving foot to brake pedal. 

Collectively these characterlscics are 
referred to as brake reaction, P. or more 
precisely termed ch• perception brake 
reaction time. AASHTO (5) states chac 
";,erceptlon time ls cha time required for 
motor vehicle operators co co~e co the 
realization chat the brakes mu.1t be 
applied. Ic is the time lapse from cha 
instant an objec~ is visible co the driv­
er to the instant he realizes that the 
object is in his pach and chac a scop 
muse be made". The brake reaction cima 
is ":he ci:111 required co apply braku". 
,his was formerly labeled as the percep­
~ion-incellection-emocion-volicion (PIE'/) 
ci.me. 

The current AASHTO specification for chis 
driver characteristic is Z.5 seconds. As 
specified in cha AASHTO's Policy on Ceo­
metric D11ip of Rural Highways Cl) chis 
value va1 d1cei:iiiln1d from an as11.1111ed per• 
caption time of 1.5 seconds and a brake 
reaction cime of 1.0 11conda .. Th• values 
do· not relate co my specific· percentile 
of driver p1rfomanc1 but, rather, were 
selected as being "large enough co in­
clude the time taken by nearly all driv­
ers under most highway conditions. 

Passl.na Sl.ahc DI.seance 

MSHTO (5) hu a desisn policy related co 
minimt.1111 passing sl.ghc distance required 
co safely complete normal pa11ing maneu­
vers on cwo lane roads. The distances 
recommended by MSKI'O are based on che 
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sur.,maclon of :!'le following four dls• 
cances: 

ch• distance traversed during 
perception and reaccion cime and 
duri~g cha initial acceleration 
co che point of encroachment on 
ch• lefc lana; 

dz, the distanc• traveled while ch• 
pas1in1 vehicle occupies the tefc 
lane; 

the distance between che passing 
vehicle ac the and of its ~aneu­
ver and ch• opposina vehicla; and 

the discanc• traversad by an op­
?OSl.ng vehicla for two-thirds of 
cha ti.me the passing vehicle 
occupies che left lane, or 2/) of 
dz, 

Tha initial maneuver distance, d1 , has 
cwo components: a cl.me for perception 
and raectl.on and a time during which che 
vahicle l.1 brou1hc co cha point of an• 
croach-nt on che Lafe, or pa11Lng, lane. 
Field observaciona, principally chose 
documencad by Prisk (6), indicated chat 
equation(!) below offers a relatively 
accurate escimacion of che di.seance 
naaded by the average driver co ~ak1 the 
1.nicial maneuver in a delayed, racher 
than flying·, pau: 

dl • l.47tl (v - m + a;1) 

where: d1 • initial maneuver distance, 
ft (ml 

c1 • initial maneuver time, seo 

a • average acceleration, mph/ 
sec (klll/h/sl 

V • average speed of the passing 
vehicle, mph (km/h) 

m • difference in speed between 
the passing vehicle and the 
passed vehicle, mph (km/h). 

Note that equation (2) doaa not include 
a specific driver characteristic variable 
even though it is acknowledged that there 
is a perception and reaction process. 
This driver characteristic Ls actually 
overlapped with the acceleration/maneuver 
time prior to encroachment on cha passing 
lane, That is to say that while the 
driver ia initiating a passing mane1Ner, 
the driver ia both parceivinq/reactinq 
and accelerating/maneuvering. In com­
bin.ation, the driver and vehicle charac:-



teristics form a performance characteris­
tic--initial maneuver time. AASHTO esti­
mates the total time for the initial ma­
neuver to fall within the 3.6 to 4.5 
second range based on the results of 
empirical studies. 

The distance d2 travelled by the passing 
vehicle in the left lane, like the d 
distance described above, is estimatld 
by AASHTO based on field observations. 
The formula used to compute the design 
values is as follows: 

d
2 

= 1. 4 7 V t 2 

(dz = o. 2evc 2) 

where: d2 m distance traveled in the 
passing lane, ft (m) 

time that the passing vehi­
cle occupies the left lane, 
sec 

Va average speed of passing 
vehicle, mph (km/h) 

This distance is based on observed driv­
er performance which could be considere~ 
co be a function of both driver and vehi­
cle characteristics. Driver/vehicle per­
formance is integrally related to the 
vehicle capabilities and the control 
skills of the driver. From an analytical 
perspective of the driving task, it would 
be impractical to attempt to separate the 
two. 

The minimum preferred clearance lengths, 
d , between the passing and opposing 
v~hicles at the end of the passing maneu­
ver vary between 100 feet (30.Sm) and 
300 feet (91.4m) depending on vehicle 
speeds. The values were based on field 
observations of driver performance. Al­
though not specified, an inherent driver 
characteristic is the driver's ability 
co judge the distance between the two 
vehicles and the relative speeds and the 
driver's acceptance of minimum clearance 
threshold. This situation is analogous 
to gap acceptance at intersections or 
for lane merging. 

· The distance, d , traversed by the oppos­
ing vehicle is ~omputed as two-thirds of 
the d distance. The basis for this 
figur~ is that passing sight distance 
should include the distance traversed by 
an opposing vehicle during all but the 
first phase of the total passing maneu­
ver. Since du is simply a function of 
d then the discussion of the driver 
ci~racteristic for chat element applies 
here. 
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Decision Sight Distance 

Decision sight distance is a new geomet­
ric design standard being included in 
the AASHTO' s "A Policy on Geometric: 
Design of Highways and Streets" (5). It 
has &een defined as "the distance re­
quired for a driver to detect an unex-. 
pected or otherwise difficult-co-perceive 
infonnation source or hazard in a road-
way environment that may be visually 
cluttered, recognize the hazard or its 
threat potential select an appropriate 
speed and path, and initiate and complete 
the required safety maneuver safely and 
efficiently" (7). McGee et al. (Bl analyt­
ically derived and empirically validated 
a range of decision sight distances based 
on premaneuver and maneuver times. 

The distances are displayed in a cable in 
the AASHTO policy (5) but can be derived 
from the following formula: 

DSD * l. 4 7VT (~) 

(DSD * 0.28VT) 

where: DSD a decision sight distance 
ft (m) 

V c design speed, mph (km/h) 

T total time for detection 
'and recognition plus 
decision and response plus 
time co change lanes*, sec 

Decision sight distances is meant to be 
provided "whenever there is a likelihood 
for error in either information recep­
tion, decisionmaking, or control 
actions" (5). Examples would be inter­
changes and intersection locations where 
unusual or unexpected maneuvers are re­
quired, changes in cross section such as 
toll plazas and lane drops, etc. 

Decision sight distance is very much de­
pendent upon several driver characteris­
tics, those being the time ic cakes for 
a motorist co detect and recognize an 
object or situation requiring some 
action, the time it takes co decide what 
course of action to take, and finally, 
the physical response time co initiate 
the manuever. 

*Since in many cases changing lanes would 
be the desired maneuver, e.g., for lane 
drops, a time for lane changing was used 
as the maneuver element. If, however, a 
different maneuver is more critical to a 
particular design situation, the time to 
complete chat maneuver could be used in 
lieu of lane changing time. 



Also, it could be argued that the maneu­
ver time is a driver characteristic in 
that che time it cakes to change a lane, 
for example, is dependent not only upon 
the characteristics of the vehicle but 
also the driver's performance.· However, 
it seems more logical to treat this as­
pect as a vehicle characteristic. 

The specifications for the driver char­
acteristics are presented as a low and 
high value and dependent upon speed. 
For the combined detection plus recogni­
tion characteristic, the values are l.S 
to 3.0 seconds for design speeds of 50 
mph (80 km/h) or lower. For higher 
speeds, the range is 2.0 to 3.0 seconds. 
For the combined decision and response 
initiation, a range of values is 4.2 to 
6.5 for the lower speeds and 4.7 to 7.0 
seconds for the higher speeds. 

The ranges were provided with the general 
guideline that the lower end is the 
minimum acceptable for situations of 
moderate complexity or visual clutter and 
the upper is desirable for highly complex 
or visually cluttered locations, The 
values do not apply to any specific driv­
ing population; although in selecting 
them the value of the mean plus one 
standard deviation from the field studies 
(8) was used as a comparison value. 

Intersection Sight Distance 

AASHTO (5) states the following in re­
gard to intersection sight distance: 

"The operator of· a vehicle approach­
ing an intersection at grade should 
have an unobstructed view of the whole 
intersection and a sufficient length 
of the intersecting highway to permit 
control of the vehicle to avoid col­
lisions. When traffic at the inter­
section is controlled by signals or 
signs, the unobstructed view may be 
limited to the area of control. The 
minimum sight distance considered 
safe under various assumptions of 
physical conditions and driver be­
havior is directly related co vehicle 
speeds and to the resultant distances 
traversed during perception, reaction 
time, and braking." 

The minimum intersection sight distances 
have been computed by AASHTO (5) for five 
general cases: 

l - Enabling 
Speed 

Vehicles to Adjust 

11 - Enabling Vehicles to Stop 

III - Enabling Stopped Vehicles to 
Cross the Major Highway 
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IV & V - Safe Distances for Pas­
senger (P) Vehic!es Turning 
Left Onto Two-Lane Highways 
from a Stopped Position. 

The last 
AASHTO. 
rately. 

two cases are new standards for 
Each case is discussed sepa-

Case I - Enablln~ Vehicles to 
Adjust peed 

At an intersection where no approach leg 
ls controlled by stop signs, yield signs 
or traffic signals, a driver of a vehicle 
approaching an intersection must be pro­
vided adequate sight distance both to 
perceive the potentially conflicting 
movement of a crossing vehicle and to 
take the necessary countermeasure. In 
this case, only enough sight distance is 
provided to enable approaching vehicles 
to adjust speed and avoid a collision. 
The AASHTO policy provides distances for 
various vehicle speeds. These distances 
are rounded off values derived from the 
following equation: 

D ~ 1. 47 Vt 

(D a O. 28Vt) 

where: D '"minimum sight triangle dis­
t an,ce, ft (m) 

V ~ vehicle speed,mph (km/h) 

t 3 seconds 

The three seconds is the sum of two sec­
onds for perception and reaction and one 
second to activate braking or accelera­
ting to regulate speed. 

The equation above is technically in­
correct since it: applies the same vehicle 
speed for the full three seconds. In 
fact, for the last second there is, pre­
sumably, a changing speed, either higher 
or lower. However, given the Short time 
of only one second, the actual distance 
is closely approximated by the formula. 

The driver characteristic here is the 
perception-reaction time. One of the 
two approaching drivers has co perceive 
the other oncoming vehicle and react to 
it. The specification for this charac­
teristic is set at 1.5 to 2.0 seconds, 
although 2.0 seconds is used in deriv­
ing the recormnended values. The addi­
tional second is technically not a 
driver characteristic but rather a time 
period over which speed is changed. No 
statement is made as to what percentile 
of drivers the specification applies. 
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Case II - Enabli~g Vehicle =o Stop 

The AASHTO (S) policy for Case II Inter­
section Sight Distance requires chat a 
driver of a vehicle moving toward an un­
controlled intersection be-able to see 
the intersecting highway in sufficient 
time co stop the vehicle before reach­
ing the intersection. "Seeing the inter­
secting highway" means sighting a vehi­
cle on the adjacent approach not yet in 
the intersection proper. 

The distances recommended are those used 
for the design at any other section of 
highway, i.e., stopping sight distance. 
Consequently, the driver characteristic 
is the perception-reaction time which 
is specified as 2.5 seconds. 

Case III - Enabling Sto§ped Vehicles 
to Cross HaJor creec 

Case III applies co intersections con­
trolled by stop signs on the minor road. 
The current AASHTO(S) standard calls for 
the driver of a stopped vehicle ac the 
intersection to be able to see enough of 
the major highway to safely cross before 
a vehicle on the major highway reaches 
the intersection. AASHTO states, "The 
length of the major roadway open to view 
~use be greater than the product of its 
design speed and the time necessary for 
the stopped vehicle co stare and cross 
the road". The AASHTO formulation is 
as follows: 

D ~ l . 4 7 V (J + t ) (2) 
a 

(o ~ 0. 28 V(.T + ta>) 

where: D • minimum or desirable sight 
distance along the major 
highway from the intersec­
t ion, ft (m) 

V ~ design speed on the major 
highway, mph (km/h) 

J • sum of the perception time 
and cha time required to 
actuate the clutch or actu­
ate an automatic shift, sec 

• time required to accelerate 
and traverse the distance, 
S, to clear the major high­
way pavement, sec 

S • the distance chat the cross­
ing vehicle must travel co 
clear the major highway, 
ft (m) 
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D • distance from near edge of 
pavement to the front of a 
stopped vehicle, ft (m) 

W • pavement width along path of 
crossing vehicle, ft (m) 

L • overall length of vehicle, 
ft (m) 

The driver characteristic in the above 
formulation is the perception-reaction 
time, J, which "represents the time nec­
essary for the vehicle's operator to 
look in both directions on the roadway, 
co perceive that there is sufficient time 
to cross the road safely, and to shift 
gears, if necessary, preparatory co 
scartini' (5). The specification is 
2.0 seconds which "represents the time 
taken br, a small percentage of slower 
drivers'. AASHTO further indicates that 
a lower, unspecified value might apply 
in urban and suburban areas where there 
are many stop sign controlled intersec­
tions. 

Case IV and V - Safe Distance for 
P Ve hi.cl es Turning Le ft Onto ·Two-Lane 

H1.ghways from a Stopped Position 

These are t~o new cases which were in­
cluded into the draft AAS!ITO design 
policy (5). Case IV is for a passenger 
(P) vehicle Cuming left from a stopped 
position across the path of a vehicle 
approaching from the left. Case Vis 
for a passenger vehicle turning left and 
is overtaken by a vehicle approaching 
from the right. (The case for a vehicle 
turning right is not explicitly dis­
cussed but it would be somewhat less 
than Case V.) 

The AASl!TO policy does not provide form­
ulas for deterniining the two sight 
distance requirements; rather, it in­
cludes Figure l which is a plot of 
speed versus sight distance for Cases 
II-V. Background information (9) re­
laced to the development of the plots 
for Cases IV and Vindicate that the 
same driver characteristic applies, i.e. 
the perception-reaction cime prior to 
entering the intersection. · The differ­
ences between Cases III, IV and Vis 
with the relevant manuaver times, which 
for the purposes of this scudy are noc 
considered driver characteristics. 
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FIGURE l - Intersection Sight Distance at At-Grade Intersections 

Sou!'ce: AASHTO (5) (Note: original source: The Dynamic Design for 
Safety, October 1975, and expanded by data furnished by 
Jack E. Leisch & Associates) 

Note: The SI (metric) conversions are 1 mph = 1. 61 km/h 
and 1 ft= 0. 3 m. 
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Driveway Sight Distance 

Another specific case where sight dis­
tance deserves special attention is at 
driveways. However, there is a great 
deal of inconsistency among the basic 
ref~rences. Only general guidelines on 
location and spacing of driveways appear 
in the draft of A Policy on the Geomet­
ric Design of Highways and Streets {Sl. 
,his AASHTO policy cites two volumes of 
a report entitled "Technical Guidelines 
for the Control of Direct Access to 
Arterial Highways" (10) as suggested re­
ferences for the major design and con­
trol features. The minimum driveway 
sight distances recommended in these 
reports are the outdated minimum stop­
ping sight distances and the outdated 
desirable stopping sight distances that 
appeared in A Policy on Geometric Design 
of Urban Hi hwa s and Arterial Streets 

. ese s gt stances were 
on an explicit specification of a 
perception-brake reaction time of 
seconds. 

The 1980 Federal Highway Administration 
report, "Design of Urban Streets" (11), 
recorrrnends the adequate driveway sight 
distances formulated in "NCHRP Report 93, 

'Guidelines for Medial and Marginal 
Access ControJ on Major Roadways" (12) 
These required sight distances are 
cabled below: 

Throu;;;h Speed 
mph (km/h) 

20 (32) 
30 (48) 
40 (64) 
50 (80) 
60 (9 7) 

Minimum Sight Distance 
ft (m) 

235 ( 70) 
430 ( 130) 
700 (210) 

1,015 (305) 
1,400 (420) 

T~ese values were developed on the as­
sumption that vehicles have co turn into 
the traffic stream rather than just cross 
the street. The assumptions used were a 
perception-reaction time of 1 second and 
the time required to accelerate to the 
operat2ng speed at a race of 3.0 feet/ 
second (0.9m/sec2) for the vehicle 
entering the street and a minimum safe 
following headway of l second between 
the entering vehicle and the main 
street vehicle. The 1 second perception­
reaction time is lower that chat used 
by AASIITO for intersection sight dis­
tance standards. Still the values are 
nearly identical with those determined 
from curve D of Figure 1, which repre­
sents case v, the longest distance stand­
ard for an intersection. 

One of the Institute of Transportation 
Engineers recommended practices, Guide-

10 

n and Location 
veway sig c is­

tances. Different sight distances are 
recommended for: 

(1) passenger cars exiting from 
driveways onto two-lane roads, 

(2) passenger cars exiting from 
driveways onto four- and six­
lane roads, 

(3) semi-trailers exiting from 
driveways onto two-lane roads, 

(4) semi-trailers exiting from 
driveways onto four- and six­
lane roads, 

(5) passenger cars entering one-way 
driveways by left turns, and 

(6) semi-trailers entering one-way 
driveways by left turns. 

A table with reco11DI1ended distances is 
provided for each of the six cases cited 
above. How the values were determined 
is not described, but the distances 
were calculated to enable exiting vehi­
cles: 

(1) upon turning left or right, to 
accelerate to the operating 
speed 'of the street without 
causing approaching vehicles to 
reduce speed by more than 10 
miles per hour, and 

(2) upon turning left, co clear the 
rear half of the street without 
conflicting with vehicles ap­
proaching from the left. 

The driver characteristic, perception­
reaction time, must have been consider­
ed in the development of the distances 
as evidenced by the following passage 
from the !TE document: 

The sight distances ..... are for urban 
conditions. In order to convert 
these to rural conditions, where 
driver reaction times are longer 
sight distances should be increased 
by 10 percent. 

Therefore, the driveway sight distance 
standard is based on an unspecified 
driver perception-reaction time. 

Railroad-Highway Grade Crossing Sight 
Distance 

An important element in the design of 
railroad grade crossings is the pro­
vision of adequate sight distance 



especially ac locations not controlled 
by signal or gates. This situation is 
analogous co highway intersection sight 
distance requirements in chat there must 
be an adequate corner sight triangle as 
well as sight distance along the rail· 
road for vehicles stopped at the cross­
~ng. 

Sight distance requirements for railroad­
highway grade crossings have appeared in 
several references including AASHTO's A 
Polic on Geometric Desi n for Rural -

13 wars an Streets , NCRHP Report 
50 ([4 , and the Railroad-Highway Grade 
Crossing Handbook (92). However, the 
most current standard is now included in 
Traffic Control Devices Handbook Part 
VIII Traff1c Control Systems for

1
Ra1.lroad­

H:ghway Grade Cross1.ngs (1 ,. 

This reference establishes sight distance, 
for three events which can occur at a 
highway-railroad grade crossing. These 
events are: 

• the motorise moving at highway 
speed can observe che approaching 
train in a sight line which will 
safely allow the highway vehicle 
to pass through the grade crossing 
prior to the train's arrival at 
the crossing; 

• the motorist can observe the 
approaching train in a sight line 
which will permit the highway 
ve~icle co be brought to a stop 
pr1.or co encroachment in the 
crossing area; and 

• the motorise has stopped and can 
observe the approaching train in 
a line of sight that will safely 
allow the highway vehicle co 
accelerate and clear the crossing 
prior co the arrival of the train. 

7~e first two results in a corner sight 
di.stance triangle which, for the purpose 
of chis analysis, will be labeled Case I 
and the third event results in a sight ' 
distance along the railroad from a stop• 
ped vehicle position which will be label­
ed Case II. Each is discussed separately 
in regard co the driver characteristic 
and its specification. 

Case I - Corner Sight Distance Triangle-­
The first of the two sight distance re­
quirements applies to a visiblity tri­
angle such that a driver can see an 
approaching train from a certain critical 
?istan7e from the crossing. The triangle 
1.s defined by two sides: the distance 
along the tracks (D) and the distance 
along the highway (DH). These distances 
are developed from t~e following two 
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equations: 
V 2 

DH = 1. 4 7 V C + V m + D + d CZ) V e 

(DH 
V 2 

de) • 0.28 Vvc +2ffi + D + 

OT • VT (t.47 Vvr:. + 
vvz 

+ 2D + L \./) (~) "Til1' + 
if"" 

V 

(or • VT (o.28 Vvt 
v.; 

+ 2D + L + •1) v; +zm 

where: DH• sight distance along ,he high· 
way for a vehicle to cross 
tracks safely even though a 
train is observed at the sa~e 
inscanr:., or to safely sr:.op 
the vehicle wir:.houc encroach­
ment of the crossing area, 
fc (m) 

sight distance along che rail­
road tracks co per.nit the same 
vehicle ~anuevers as for dH 
fr:. (m) 

Vv = assumed velocity of the vehicle 
mph (km/h) ' 

velocity of the train, mph 
(km/h) 

t • perception/reaction time, sec 

f • coefficient of friction 

D • distance from t~e stop line or 
fronr:. of the vehicle to the 
nearest rail, ft (m). This 
value is assumed to be LS feet 
(4. 5 ml 

d = e distance from the driver co che 
front of the vehicle, ft (m). 
This value is aasumed to be 
10 feet (3 m) 

L • lengr:.h of vehicle, ft (m). 
This is assumed co be 65 feet 
( 19. S m) 

W • distance between outer rails, 
ft (m). For a single crack 
this value is 5 feet (1.5 m). 

The basis for equation (7) is chat a 
driver travelling at speed V should be 
able to see the crossing (th¥ cracks 
or train o~ it) such that he can stop at 
the stop line. In other words ic is che 
stopping sight distance plus the distance 
from the driver eye to the front of the 



vehicle, and che distance from che scop 
line co che nearest rail. 

The basi~ for equation (8) is chat a 
driver cravelling ac speed V should be 
able co see an approaching c~ain travel• 
ling at speed VT• ac a dis~ance Dr along 
che track so that he can travel tne dis­
cance from the point established by aqua• 
cion (7), i.e., the stopping sight dis­
tance,-to the ocher side of the cross­
~ng wich che rear of the vehicle at the 
opposite side stop line by the time chat 
che train reaches che crossing. 

Boch equations incorporate a driver 
characceristic--percepcion-brake reac­
tion time. Its current specification is 
2.5 seconds. Nowhere is there any dis­
cussion of the origin or validity of the 
2.5 second value. Presumably it is 
carried over from the perception-brake 
reaction time specification used for 
stopping sight distance. 

Case rr - Si~ht Distance Along Railroad 
for Stopped 1 ehicles to Cross in Front 
of Train--The second sight distance re­
qu.remenc is to provide the driver suf­
ficient sight distance along the railroad 
in order co cross in front of a train 
from a stopped position at the crossing. 
This would apply for all crossings re­
gardless of the type of control because 
there is always the likelihood that ve­
hicle will be stopped ac the crossing. 
~nless exempted (as indicated by a sup­
plemental sign) vehicles carrying pas­
sengers for hire, school buses or vehicles 
carrying fldmir.able or hazardous materials 
are required to stop ac all crossings. 

The required sight distance can be deter­
mined from the following formula: 

'l L + 2D + W - d 
+ J) !) - L.47V(~+ 

a (~_) 
! r "1 VC 

( ( VG L 
+ 20 + II - da 

+ 1)) or• 0.28 vr ~ + 
V C 

where: D ~ 
T sight distance along the 

railroad required for a 
stopped vehicle to cross 
in front of a train, mea­
sured from either the left 
or right edge of the travel• 
led way, whichever is nearer 
the approaching train, ft 
(111) 

V ~ speed of the :rain, mph 
T (k:u/h) 

-;:ax:.mum speed of vehicle tn 
Eirst ~ear, assl.l!:1.,d 8.8 E;,s 
(2.64 :n/sec) 

acceleration of vehicle in , 
firsc gear, ass '.l.'Tled l. 4 7 ft/ s­
(0. 44 m/sec2) 

L • length of vehicle, assumed 
65 feet (19. 5 m) 

D • distance fro:u scop line to 
nearest rail, assu~ed 15 
feet (4.5 m) 

W • distance between outer rails, 
Eor single track, W = 5 feet 
(l. S m) 

J ~ sum of the perception ci:ue 
and the time requi~ed co 
activate the clutch or an 
automatic shift (assumed· 
2 sec) 

• distance vehicle travels 
while accelerating :o maxi­
mum speed in first gear; or: 

The formula-merely states chat the dis­
tance required is equal co :he speed of 
the train times the time it cakes for a 
vehicle to reach maximum speed in first 
gear and travel across the cracks co a 
postiion where the rear of the vehicle is 
at :he opposite side stop li~e. Also 
included in this process is a :ime for 
perception-reaction which is the driver 
characteristic. The specification for 
the driver characteristic is 2.0 seconds 
which is the same that is used for :nter­
section Sight Distance, Case II!. 

Crest Ver:ical Curve Length 

As noted by AASHTO (5), the major control 
for safe operation on crest vertical curves 
is the provision of ample sight distance 
for the design speed. For most situations 
stopping sight distance is required but 
for some complex decision areas, decision 
sight distance should dictate. 

The formulas provided by AASHTO for deter­
mining the length of parabolic vertical 
curves are in terms of the algebraic 
difference in grade and sight distance: 

For s<t 

L ~ 200 ( fH + 
e 
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For S)L 

where: 

L = 2S - (JJ.J 

L length of vertical curve, 
ft (m) 

S = sight distance, ft (m) 

A algebraic difference in 
grades. percent 

He• height of driver's eye above 
roadway surface. ft (m) 

= height of sighted object 
above roadway surface, ft 
(m) 

Lengths of crest vertical curves are ex­
plicitly based on two driver character­
istics: the perception brake reaction 
time required for stopping sight dis­
tance and driver eye height. The speci­
fication for the former is 2.5 seconds 
as discussed under Stopping Sight Dis­
tance. 

Driver eye height is defined by AASHTO 
(5) as the vertical distance between the 
roadway surface and the driver's eyes. 
This vertical distance is a function of 
both driver and vehicle characteristics. 
The principal driver characteristic'in­
fluencing the eye height is the driver's 
anthropometric measurements; in partic­
ular seated eye height, weight, and 
driving posture. The seated eye height 
is the distance between the seat and the 
eyes of the seated individual; o~viously, 
this measurement when combined with the 
height of the seat relative to the road­
way surface yields the drive: eye height. 
In addition, however, the weight of the 
individual has a direct bearing on how 
compressed the seat springs and cushion 
are (and thus the height of the seat) 
when the driver is seated. Also, the 
driver has a preferred driving posture 
as reflected in the front-to-back posi­
tioning of the seat (which usually has a 
vertical component as well as horizontal) 
and the seat back angle (if it is adjust­
able in the particular vehicle model). 

In AASHTO's A Policr on Geometric Design 
of Rural Highways ( ) and in the MUTCD 
(3), the driver eye height is specTried 
as 3.75 feet (1. 14 m)* which was only 
slightly lower than the median eye height 
for the 1960 model year. The current 
draft of AASHTO's revised policy manual 
(5) specified a driver eye height of 
3.5 feet (1.07 m) which is purported co 

*A reduction to 3.5 feet (1.05 m) was re­
cently proposed for the MUTCD. 

represent the average for vehicles since 
1960. 

Sag Vertical Curve Length 

Lengths of sag vertical curves have been 
designed in the past using four different 
methods: 1) headlight sight distance, 
2) rider comfort, 3) drainage control, 
and 4) a general appearance rule-of­
thumb. AASHTO (1,5) has established the 
headlight sight distance method as the 
criterion to establish design values for 
sag vertical curve length. 

The basic premise of the headlight sight 
distance method is that sight distance 
at night is dependent on the height of 
the headlamps above the roadway surface, 
the direction of the light beam, and the 
geometrics of the sag vertical curve. 
The formulas used to compute this dis­
tance as listed by AASHTO (1) are as 
follows: 
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for S <L 

AS 2 

L = zoo (H +s tanB) 

for S> L 

L = ZS _ 200 (H + S tanB) 

where: L = Length of sag vertical curve, 
ft (m) , 

S Sight distance, ft (m), 

A Algebraic difference in 
grades, percent. 

B • Divergence angle of light 
beam from the longitudinal 
axis of the vehicle head­
light, degrees, 

H = Headlight height, _ft (m) 

AASHTO (5) recommends the use of 2.0 feet 
(0.61m) for the headlight height and 1• 
for the upward divergence of the light 
beam from the longitudinal axis of the 
vehicle. Based on these two assumptions, 
the formulas reduce to: 

for 

L 400 + 3. s s 

AS
2 

) 
( L = ( 12 2 + 3. 5 S) 



for s> L 

L = 25 - 400 + J. S S 

(L • 25 - (l22 + 3.5S)) 

The sight distance on a sag vertical 
curve should be designed co be no smaller 
chan the stopping sight distance needed 
for vehicles traveling ac the roadway 
design speed. The length of the curve 
is, therefore, a function of stopping 
sight distance which can be substituted 
for "S" in the above formulas. With 
length of sag vertical curve being de­
pendent, in part, on stopping sight 
distance, che driver characteristic is 
the perception-brake reaction time. 

Horizontal Curvature 

The maximum degree of curvature, or the 
minimum radius, is a limiting value for 
a given design speed determined from 
the maximum rate of superelevation and 
the maximum side friction factor 
(AA5HTO, 1). The minimum safe radius, 
R, can be calculated from the standard 
curve foc-mula: 

R a 
'12 

(.l§) rs Ce + f) 

(R a 
v2 

+ f)) 127 (e 

where: R - radius of curve, ft (m) 

'I - vehicle speed, mph, (km/h) 

e - rate of roadway supereleva­
tion, ft/ ft (m/m) 

fa side friction factor 

At fie-st glance it would seem that there 
is no explicit driver characteristic 
involved here. But further examination 
of the basis for selecting the design 
values of side friction factor, f, in• 
dicates that there may be. 

From the· dynamics of a vehicle operating 
on a curve and for given supec-elevacion 
there is a speed, known as equilibrium 
speed, at which a car steers itself 
around the curve and the side friction 
factor, f, is zero. Ac ocher chan 
equilibrium speed, side friction or a 
side thrust develops which is felt by 
the dc-iver. There is a maximum value of 
"f" at •.ihich skidding is imminent and 
chis depends principally upon the speed 
of the vehicle, the condition of the 
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tires, and che characteristics of the 
roadway surface. As reported in che draft 
of che revised AASHTO design manual (5) 
sc•.1dies show chat maximum side friction 
factors developed between new tires and 
wet concrete pavement range from about 
0.5 at 20 mph (32 km/h) to approximately 
0. JS at 60 mph (97 km/h). For normal 
wet concrete pavement and smooch tires 
the value is about 0.35 at 45 mph (72 
km/h). These values are applicable to 
automobiles. 

However, curves are not designed on the 
basis of these ~aximum side friction 
factors. The AASHTO manual (5) states 
"the portion of the side friction factor 
that can be used with comfort and safety 
by a vast majority of drivers should be 
the maximum allowable value for design. 
rn selecting maximum allowable side 
friction factors for use in design, one 
criterion is the point at which the 
centrifugal force is sufficient to cause 
the driver to experience a feeling of 
discomfort and cause him to react in• 
stinccively to avoid higher speed. The 
speed on a curve, at which discomfort 
due co the centrifugal force is evident 
co the driver, can be accepted as a 
design control for the maximum allowable 
amount of side friction." 

So for this standard, there is a driver 
characteriszic, driver (dis)comforc, which 
is a term to describe the driver's kin­
esthetic feeling as he drives through a 
curve. The discomfort threshold is 
likely to vary by the driver and the 
vehicle, specifically its center of 
gravity. Figure 2, extracted from 
AASHTO (S), surnmac-izes the results of 
early studies of side friction factors. 
Special note is ~ade of the Arizona curve 
which purports to represent the value~ 
at each speed where comfort ends and dis• 
comfort begins, i.e. , the discomfort 
~hreshold. The straight line represents 
the values assumed for design and, there­
fore, represent the specifi~acion of the 
driver characteristic. 

Lateral Clearance to Si~ht Obstructions 
on Horizontal Circular urves 

Sight distance for drivers of vehicles 
on horizontal curves can be obstructed 
by the terrain, cut slopes, walls, 
buildings, guardrail, etc. on the in• 
side of the curve. In order to provide 
adequate sight distance for stopping or 
passing, it is necessary for these 
obstructions co be set back from the 
roadway pavement a sufficient distance 
for the driver to see across the inside 
of the curve. The required set back 
can be calculated from the following 
equation: 
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ms R vers(28.65)S 
R 

(m • R vers (9.p~ 
where: m • minimum lateral clearance 

(or the middle ordinate of 
the horizontal curve) meas­
ured from the centerline of 
the inside lane to the sight 
obs:ruction, ft (m) 

S • sight distance measured 
along the centerline of the 
inside lane, ft (m) 

R • radius of the curve measured 
to the centerline of the 
inside lane, ft (m) 

vers • 1 - cos 

AASHTO (5) provides design standards for 
the provision of stopping sight distance. 
The AASHTO guidelines note that design 
for the provision of passing sight dis­
tance is usually impractical except on 
'!ery f;at curves. Because sight distance 
i~ an independent variable in the equa­
tions. either stopping or passing sight 
distance can be inserted to calculate the 
appropriate outputs. Using the minimum. 
stopping sight distance as the lower 
l~mic and the desirable stopping sight 
distance as the upper limit, the minimum. 
lateral clearance can be deter-:iu.ned. 

This AASHTO standard is simply an appli­
cation of stopping sight distance formu­
lation which in curn is based directly 
on the driver characteristic perception­
brake reaction time. The AASHTO speci­
fica~ion for perception-brake reaction 
time is 2.5 seconds. 

Sight Distance Measuring Criteria 

The various design sight distance re­
quirements are verified through measure­
ment. Sight distance is the distance 
along a roadway that an object of speci­
fied ~eight is continuously visible to 
the driver. It is measured from a 
specified driver eye height to a speci­
fied object height and often recorded 
graphically on plans. !n A Polic~ on 
Geometric Design of Highways andtreecs 
(S), the height of driver's eye is 
specified as 3.5 feet (1.07 m) above che 
roadway surface. Consequently, stopping 
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sight distance, passing sight distance 
on two-lane highways, decision sight 
distance, intersection sight distance 
railroad-highway grade crossing sight' 
distance and all ocher sight distances 
shall be measured from a driver's eye 
height of 3.5 feet (1.07 m). 

Although the driver's eye height is an 
explicit specification of a driver charac­
teristic, the object height is not. How­
ever, Lt could be considered indirectly 
related co a driver characteristic: 
vision and, in particular, visual acuity. 

The object height specification for meas­
uring stopping sight distance and decision 
sight distance is 6 inches (0.15 m). 
"The basis for its selection was largely 
an arbitrary rationalization of possible 
hazardous objecc size and a driver's 
ability co perceive and react co a hazard­
ous situation." (5) 

The current object height specification 
for measuring intersection sight dis­
tance, design passing sight distance for 
two-lane highways, and stopping sight 
distance on two-directional, one-lane 
roads ls 4.25 feet (l.JOm), This value 
represents the present average vehicle 
height. It is also noted by AASHTO (5) 
that "passing sight distances calculated 
on this basis (using 4.25 feet (l.30m) 
above the pavement as the object height) 
are also considered adequate for night 
conditions because the beams of the 
headlights of an opposing vehicle gen­
erally are seen in the daylight". 

In the MUTCD (3), a 3.75 feet (1.07m) 
object height is specified to measure 
sight distance for placing no passing 
zone markings on completed highways. · 
~o rationale could be ascertained for 
this specification. 

TRAFF[C OPERATIONS A~ TRAFFIC COm'ROL 
DEVICE STANDARDS .. 

As with the geometric design standards, 
there are a variety of references which 
contain nationally recognized standards 
related to traffic operations and traf­
fic control devices. However, the one 
reference which contained the majority 
of driver characteristic based stand­
ards is the Manual on ~niform Traffic 
Control Devices for Streets and Hlghways 
()) approved and published by FHWA. 
Another reference which provided the 
standards included the ITE's Transaor­
tation and Traffic En~ineerin~ Han book 
([6) and the Traffic oncrol evice 



Handbook (17) which is currently under 
revision by FHWA. A discussion of the 
relevant standards follows. 

Crossin 

Warrants for traffic signals are listed 
in the MUTCD (3). One warrant pertains 
co schooTcrossings and is stated as 
follows: 

A traffic control signal may be war­
ranted at an established school 
crossing when a traffic engineering 
study of the frequency and adequacy 
of gaps in che vehicular traffic 
stream as related to the number and 
size of groups of school children 
at the school crossing shows that the 
number of adequate gaps in the traf­
fic stream during the period when the 
children are using the crossing is 
less than the number of minutes in 
the same period. (Section 4C-6) 

The recommended traffic engineering 
study is prescribed in the MUTCD (3): 

A recommended practice for determin­
ing the frequency and adequacy of 
gaps in the vehicular traffic stream 
is given in the Institute of Trans­
portation Engineers publication, 
A Program for School Crossing Pro­
tection. (Section 7A-3) 

The ITE publication (18) presents a 
step-by-step procedure to determine if 
traffic control is warranted. The 
second of the four step procedure is to 
compute an adequate gap time using the 
following equation: 

G • 3 + W + 2(N-l) 
r., 

( G • 3 + W + 2 (N-1)) 
r:m-

where: G • adequate gap time, sec 

W • width of roadway ft (m) 

N • number of rows· 

The equation assumes that:(l) pedestrians 
cross in rows of 5 with 2 seconds be­
tween rows, (2) the average walking speed 
is 3.5 feet per second (1.07 m/s), and 
(3) it takes pedestrians 3.0 seconds to 
look both ways at the crossing, to make 
the decision to cross, and to start to 
walk across the street. 

From the above discussion it can be seen 
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that this standard is dependent on an 
adequate gap time which is a function 
of two pedestrian characteristics--ped­
estrian perception-reaction time and 
walking speed. 

The pedestrian perception-reaction time 
is defined in the ITE recommended prac­
tice, A Pro~ram for School Crossing 
Protecdonl8), as "the number of sec­
onds required for a child to look both 
ways, make a decision, and commence to 
walk across the street". The current 
specification employed in the standard 
is 3.0 seconds. A design percentile is 
not specified. 

The pedestrian walking time is defined 
as "the number of seconds required to 
walk across the roadway of specified 
width without coming into conflict with 
passing vehicles" and is equal to the 
width of the roadway, in feet, divided 
by the walking speed, in feet per sec­
ond. The current specification for 
walking speed employed in the standard 
is 3.5 feet per second (1.07 m/s). Al­
though not explicitly stated, it can be 
inferred that the average walking speed 
is the average of children crossing the 
street individually, unimpeded by 
other children. The effect of other 
children is considered in the term 
2(N-l). ' 

Vehicle Change Interval for Traffic 
Signals 

For a vast majority of traffic signals 
in this country, there is a yellow 
vehicle change (clearance) interval 
following the green indication and prior 
to the red indication. The length of 
chis interval is specified in at lease 
three basic references: MUTCD (3) con­
tains a standard for vehicle change in­
tervals, the ITE Transportation and 
Traffic Engineering Handbook (16) has a 
standard for yellow change and clearance 
intervals, and the Traffic Corrtrol 
Devices Handbook, An Operating Guide(17) 
contains a standard for phase change 
intervals. 

The MUTCD states that "the exclusive 
function of the steady yellow interval 
shall be to warn traffic of an impend­
ing change in the right-of-way assign­
ment. Yellow vehicle change intervals 
should have a range of approximately 3 
to 6 seconds. Generally, the longer 
intervals are appropriate co higher 
approach speeds". The MUTCD continues 
to say that after the yellow change in­
terval is terminated, a short all-red 
clearance interval may be used in order 
"to permit the intersection co clear 
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before cross traffic is released". 
Quite simply, the yellow change interval 
is intended to serve solely as a warning 
"that a red indication will be exhibited 
immediately thereafter when vehicular 
traffic shall not enter the intersec­
tion". In other words, according to the 
MtrrCD, the 3-6 second standard yellow 
change interval is intended co be long 
enough so that at its tennination all 
vehicles not yet in the intersection 
are capable of being brought to a stop. 
The MtrrCD does not stipulate that the 
intersection be cleared of vehicles at 
the beginning of the red indication, 
only that no vehi~les enter the inter­
section after the red indication is 
displayed. The MLiCD does not provide a 
mathematical formulation so there is no 
way co determine if a driver character­
istic was considered in arriving at the 
3-6 seconds. 

The ITE Transportation and Traffic 
En~ineering Handbook (16) treats both 
ye low change and clearance intervals. 
For yellow change intervals, the follow­
ing equation is used to determine the 
minimum duration: 

where: 

t + 1 V 
1 a 

y1 yellow interval, sec 

t = perception-reaction time 
of driver, sec 

V approach speed, ft/s (m/s) 

a= dece~eration rate, ft/s 2 
(m/ s ) 

For a yellow clearance interval, which 
allows vehicles that have entered the 
intersection legally sufficient time to 
clear the point of conflict prior to the 
release of opposinf pedestrians or vehi­
cles, a longer period is required. The 
equation for this condition is:. 

Yz 

where: 

t+lV+W+L 1a -v-

nondilemma yellow interval, 
sec 
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W = width of intersection, ft 
(m) 

L =. length of vehicle, ft (m) 

t,a,V 2 as described above. 

In these equations there is an explicit 
driver characteristic--perception- . 
reaction time. The specification for 
this characteristic is one second. Al­
though not mentioned in the Handbook (16) 
the 1 second value can perhaps be traced 
back to a 1934 MIT research effort (19) 
which found that 95 percent of the 
sampled drivers had brake reaction times 
of one second or less when in an alerted 
condition. 

The design deceleration rate, a, re­
flects the limitations of both the vehi­
cle and the driver. For the vehicle 
the limitation is the coefficient of 
friction exerted between the vehicle 
tires and the roadway surface. The 
limitations imposed by the driver are 
essentially comfort-related, i.e., how 
much "g" force the driver is willing to 
accept. This combined vehicle/driver 
characteristic is being considered as 
part of another study which is evaluat­
ing vehicle characteristics related to 
geometric design. 

Pedestrian Signal Timing 

The MUTCD (3) contains standards for 
bothpeaestrian clearance and pedes­
trian walk intervals, which when com­
bined form the basis for timing pedes­
trian signals. The pedestrian walk 
interval standard reads as follows: 

"Under normal conditions, the WALK 
interval should be at least 4 to 7 
seconds in length so that pedestrians 
will have adaquace opportunity to 
leave the curb before the clearance 
interval is shown." (Section 4D-7) 

Before the pedestrian actually begins 
crossing the intersection there are two 
processes which are assumed; perception­
reaction time and sidewalk queue time. 

Perception-reaction time (for the pur­
poses of the following analysis of 
pedestrian walking speed) is assumed to 
include attention/fixation time, per­
ception time, and response time for the 
decision-making process on whether or 
not to cross a street. 

Once a pedestrian has perceived that it 
is safe and legal to cross the street, 
the pedestrian must move from the orig­
inal observation point to the street 



prior to crossing the street and the 
time taken to leave the curb is negli­
gible. However, in instances where large 
pedestrian volumes are present, pedes­
trians will form a queue at the curb and 
thus the pedestrian must also. traverse 
part of the sidewalk prior co leaving the 
curb. This amount of time taken for chis 
maneuver is a function of both the number 
pedestrians present (and thus the den­
sity) and the in-motion walking speed of 
pedestrians in advance of the other ped­
estrians. The 4 to 7 second pedestrian 
WALK interval is intended to accommodate 
both the pedestrian perception-reaction 
time and the discharge time from the 
curb. 

The pedestrian clearance interval, which 
consists of a flashing DON'T WALK in­
dication, standard reads as follows: 

"The duration of the clearance inter­
val should be sufficient to allow a 
pedestrian crossing in the crosswalk 
co leave the curb and travel to the 
center of the farthest travelled 
lane before opposing vehicles re­
ceive a green indication." 
(Section 4D-7) 

A formula is not provided but from the 
above statement it can be assumed to be: 

D PCI ~ WS 

where: PCI pedestrian clearance in­
terval, sec 

D dis Cance from the near curb 
to the center of the 
farthest travelled lane, 
ft (m) 

WS = walking speed, ft/sec ('.11/sec) 

Walking speed is the pedestrian charac­
teristic. The MUTCD assumes a "norn,al" 
walking speed omps (1.2 m/s). 

Traffic Signal Face Location 

The !1UIQ2 (3) specifies the location of 
traffic signal faces in the following 
paragraph. 

"Except where the width of the inter­
secting street or ocher conditions 
make it physically impractical, at 
lease one and preferably both of the 
(required) signal faces ... shall be 
located between two lines intersect-
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ing with the center of the approach 
lanes at the stop line, one making 
an angle of approximately 20 degrees 
co the right of the center of the 
approach extended and the other mak­
ing an angle of approximately 20 
degrees to the left of the center of 
the approach extended, ... and not 
less than 40 feet nor more than 120 
feet beyond the stop line." 
(Sect ion 4B-12) 

Implied in this standard is the driver 
characteristic--cone-of-vision which 
refers to that portion of the visual 
field which is normally in focus. By 
stating that the signals must be located 
within 20 degrees either side of center, 
a cone-of-vision specification of 40 
degrees is implied. 

Traffic Signal Face Visibility 

The required minimum visibility dis­
tance for traffic signal faces is speci­
fied in the MlITCD in Section 48-12. A 
formulation fordetermining-the distances 
is not provided but based on the listed 
distances for the various 85 percentile 
speeds, they can be calculated using the 
following formula: 

D = 100 + 15 (V-20) 

\D = 30.5 + 2.85 (V- 32)) 

where: D = minimum signal visibility 
distance, ft (m) 

V = 85th percentile speed, mph 
(km/h) 

In a review of this standard by FHWA, 
the required visibility distances were 
judged to be coo low especially at the 
lower speeds. Consequently, a revised 
set of minimum visibility distances 
have been suggested for the MUTCO. 
Furthermore, the new Traffic~rol 
Devices Handbook (17) will recommend 
these revised distances as a minimum 
visibility distance but also recommend 
higher desirable values. While not 
specified •in either the revised MUTCD 
standard or in the Handbook, the~ 
equations are: 

a) Minimum visibility distance 

D = desirable stopping sight (U) 
rn distance, ft (m) + 50 ft 

(15m) 



b) Desirable visibility distance 

desirable stopping 
sight distance+ 
) sec times speed in 
fps (m/s) . 

In tracing the development of the 
"'desirable visibility distance" it was 
found that the additional three seconds 
was co allow for "detection and identi­
fication of the signalized intersection 
and the indications applicable to the 
approach." (20) In essence c:hen c:his 
represents an additional percepc:ion­
reaction time for the drivers. In 
summary, minimum and desirable 
visibility distances are based on the 
driver characteristic of perception­
reaction time which is specified at 2.5 
seconds for the minimum level and 5.5 
seconds for the desirable level. 

Sign Letter Height 

Sign legibility involves the recognition 
of information on a sign by a motorise 
at a safe enough distance to allow suf­
ficient time to comfortably execute ap­
propriate driving maneuvers. In terms 
of sign legibility, legibility distance 
is the necessary distance for the motor­
ist to read the sign before passing ic, 
and involves both the processes of de­
tection and recognition. 

Letter legibility values, in terms of 
legibility distance per inch of letter 
height, have been determined in a series 
of field trails µsing 412 different 
people as observers (21). Subjects were 
instructed co record the distance a: 
which they could read place names of 
varying letter height and width while 
standing, for different illumination 
conditions. Eightieth percentile legi­
bility distance values (based on in­
dividuals with 20/20 vision) obtained 
during normal (day) illumination condi­
tions were divided by the corresponding 
place name letter heights, and che 
following values were then established 
as constants to calculate sign letter 
height: 

Letter Width 
ii arrow 
'.1edium 
Wide 

Le teer Legibility, ,t, in 
Feet Per rnch of teeter 

Height (m/m) 

33.0 (J96:l) 
42.5 (SlO:l) 
S0.0 (600:l) 
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The FHW'A ~1n1~um letter and numeral size 
standards for highway guide signs re­
ferenced in Table II-1 of the ~UTCD, 
apparently have been established by the 
application of the following formula 
for letter height (37). 

where: 

H • t 
l 

H • ~inimum letter height re­
quired for sign letter 
height, rounded up to the 
nearest even inch 

t • necessary legibility dis­
tance, ft 

.£. • appropriate letter legibilicy 
constant (ft per inch of 
letter height) according to 
the width of the chosen al­
phabet series. 

From the above discussion it can be 
stated that there are three driver char­
acteristics implicitly considered in siga 
letter height: (1) visual acuity, 
(2) minimum glance/reading time, and 
(3) perception-reaction time. ~o speci­
fictions are explicitly established al­
though they can be implied. For visual 
acuity it can be assumed to be a static 
visual acuity score of 20/20 since the 
testing that was done was based on sub­
jects with 20/20 vision. For mini.mum 
glance/reading time and perception­
reaction time, in the late 1930's Forbes 
(21) reported test results of 1.0 and 
1.5 seconds, res?ectively. As was the 
case for the visual acuity cescs, these 
tests likewise were conducted on sub­
jects with normal vision. 



III. PROFILES OR DRIVER CHARACTERISTICS 

One of the major objectives of this study 
was co derive the distribution of the 
driver characteristics included in high­
way design and operation standards for 
the U.S. driving population. 7his 
chapter of the report describes what has 
been gleaned from available literature 
and data sources that can be used to 
establish a distribution. If a full dis­
tribution is not derivable, then, where 
possible, averages, minimum/maximums or 
some representative values are provided. 

There are many human characteristics chat 
are applicable to driving. For instance, 
McKnight (23) identified nearly 80 dis­
tinct driver characteristics, traits or 
conditions that are relevant to the tasks 
associated with driving. If one were to 
model the driving task in all its as­
pects (similar to McKnight's work and 
others) undoubtedly all of these char­
acteristics would have to be considered. 
Individual characteristics alone and in 
combination affect the ability of the 
driver to perform the numerous tasks 
associated with driving. 

Many of the characteristics listed for 
the driver also apply to the pedestrian. 
In addition there are other specific 
characteristics unique to a pedestrian 
such as walking speed, handicaps, etc. 

However, while there are indeed numerous 
human characteristics involved in driv­
ing and walking, there are relatively 
few that are considered, or need co be 
considered, in standards for highway 
geometric design and operation. An in­
depth review of numerous design manuals 
guide, handbooks, etc. revealed that 
there are only 21 specific design stand­
ards that explicitely consider a driver 
characteristic in its formulation. For 
these design standards there are only 
10 driver characteristics since a few 
include the same driver charActeriscics 
or variations of it. Table 2 lists these 
standards, the driver characteristic and 
the specification. 

The standards review also identified 
other specific standards which are based 
on a driver characteristic indirectly or 
in a purely qualitative way. Most of 
these standards involve the same charac­
teristics listed in Table 2 but are not 
explicitly mentioned, and of course, 
there are no specifications. 

Each of the principal driver character­
istics is discussed in the remaining 
sections. In most cases the order of 
discussion is to describe or define the 
characteristic, how it is measured, what 
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standards it applies to, what data is 
available on quantifying driver perform­
ance for the characteristic and, fin­
ally, what the driver population distri­
bution, or average or some statistic is 
that can be used for the sensitivity 
analysis. 

AGE AND SEX 

Neither the age nor the sex of the driver 
are explicitly considered in any highway 
design or operations standards. However, 
the age and sex distributions of the 
driving population have a direct bearing 
on the distribution of driver character­
istics. As a result they have affected 
and will continue to affect highway 
design and operational standards. 

With regard to age, it can be seen from 
Table 3, chat the distribution of the 
driver's age has changed considerably 
from the earlier years when most of the 
design standards and driver character­
istic specifications were formulated. 
As of 1979, the percentage of drivers 
60 years or older was 16 percent as com­
pared to 11.4 percent in 1960 and only 
5 percent in 1940. Table 4 further 
points to an increasing share of the 
elderly population driving--in 1969, 
77.0 percent of the 50-54 age group had 
driver licens~s; by 1979, this same 
group (now aged 60-64) had increased its 
percentage to 83.9. The 1979 percentage 
for the 50-54 age group has risen 10 
percentage points to 87.0; thus, an in­
creasing percentage of the individuals 
passing the age of 60 hold driver 
1 icense s. 

The U.S. Bureau of the Census "Series Ir' 
population projections show an increase 
in the percentage of the total popula­
tion which is over age 65. In 1980, the 
percentage was 11.2; by the year 2000, 
the percentage is projected co be 12.2; 
and by the year 2030, the per~entage is 
projected to be 18.3 percent (24). If 
the present fertility race continues at 
the current level of 1.8 instead of 
climbing to the Census "Series II" rate 
of 2.1, the future proportion of older 
people will be even larser. Based on 
these projections, it can be safely 
assumed that by the year 2000 the per­
centage of elderly (over 60) drivers 
will increase 10-20 percent from the 
current level of 16.0 to approximately 
18 or 19 percent. 

\olhi le elderly drivers are increasing as 
a percentage of all drivers they appar­
ently are not driving as much. Data 
available from the U.S. Bureau of 



TABLE 2--Standards Based on an Explicit Specification 
of a Driver Characteristic 

STAND.ull 

Sighc Distanc•, Gen•ral: 
Stopping Si1ht Diatanc• 
O.a1gu Pa1si111 Si1ht 

Di1tanc• 
Daciaion Si1ht Di■tanc• 

Si1hc Di■tanca Maa■uri111 
Crit•ria 

Sight Di■ canc•, Specific: . 
lnc•r■•ccion Siahc Di■ tanc• 

• Can I 

• CHe II 
• CaH III 

R&ilroad-Bi1hvay Crada 
Croa1in1 Siaht Distanc• 

• CaH I 
• Case 11 

Si1hc Diatance Alona a 
ll&mp 

Si1ht Diatanc• Through a 
Cr■d• Saparation 

Si1ht Diatanc■ At a Raap 
T•rainal 

Horizoncal Alin-ot: 
Lateral Cluranc• to 

Sight 0batruccton• on 
Boriaootal Circular 
Curva■ 

V•rtical Alinmenc: 
Cr••c V•rtiUl Curve 

Langth■ 
Sag Vertical Curve 

Langth■ 
Sag Vertical Curve 

Lengths Throu1h a 
Crade Separation 

Traffic Cotltrol Devicea: 
·Ad•quate Cap TiM for 

School CroHill■ 
Warrant for Traffic 
Si1nal Inatallation· 

Traffic Siaul Fae• 
Location 

Y•llov V•hicle Cluranc• 
Ir1tH"Val 

Ped•1trian Cluranc• 
(DON'T WAUC) Int•rval 

DUVD CH.UACTERISTIC SHCIFICATI0HS * 

lrak• laactiOII Tia■ 

Initial !Unu•v■r TilH 
Det•ction • l•copition TilH 
Deci■ion • haponae till■ 
Maneuvar TiM 

P•rcepcion - Ruction Tia• 
Time to 1-ralt■ or Accelerate 
(indi-reccly) lreke a.action Tiae 
Pe-rception Tia•• T111e to 

Accuac■ an AutOIUtic Shift 

Pe-rcepCiOII - Ruction Tia• 
Perception - Ruction Tiae 

(indirectly) lrau Reaction Tiae 

(indirectly) Brak■ Ruction Tia• 

P•rception Till• 6 Tia• to 
Actuate an A.utoutic Shift 

(indiractly) Brake :Raactioo Tiaa 

Eye lld1ht 
(indir•ctly) lrak• luction Ti• 

(indir•ctly) lralt• ll&action Tiae 

Eye ll■ ight 
(indirectly) Brake Reaction Tia• 

Pedeetrian Valkin~ Spaed 

Z.5 eec. 

3.6 - 4.5 eec. 
1.5 - 3,0 eec. 
4,Z - 7 .o ■ec. 

3,S - 4.S aec. 

3,S ft. 

l.S - 2.0 HC, 

1.0 HC, 

2.S He. 

Z,0 HC, 

2.S HC, 

2,0 HC, 

2,S HC, 

2.0 HC, 

2,S HC, 

3,5 feet 
2.5 eec. 

2.S ■ec. 

3.5 feet 
2,5 ••c. 

Pedaetrian Pe-rception - Ruction TilH 
3.S ft./HC, (3) 
3.0 nc. (18) 

Cone of Vlaion 

Perception - luction TilH 

Pedeetrian Valki111 Speed 

40 de1reea ( ) ) 

1.0 HC. ( I 6) 

4.0 ft./Hc. (J) 

*Specifications come from AASHTO (5) unless otherwise noted by 
reference number in parenthesis. 
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TABLE 3--Distribution of Drivers by 
Age-Group and by Sex 

ACE CP.OU? 1940(l) i950<1> 1960 (1,2) 1965(2) 1969(3) 

16-19 12 11 7.2 9.8 9.0 

20-24 18 12 11.2 10.4 13.l 

25-29 11 12 12. 7 9.6 11.3 
30-34 13 13 12.5 10.1 9.3 

3.5-39 12 12 11.6 11.l 9.1 
40-44 11 11 10. 3 10.8 9. 7 
45-49 8 9 9.1 9.7 9.7 
50-54 6 7 7.8 8.5 8, 2 
55-59 4 6 6.2 6.8 6.8 
60-64 2 3 4.7 5.2 5,4 

65-69 1 2 3.1 3.7 3.7 
70 and Over 2 2 3.6 4.J 4.7 

Kale NA NA 70 61 56,3 

Female lU NA 30 39 43.7 

Sources: (1) Marsh, B.W,, (2 5) 
(2) National Safety Council, Secondary Source, Berg 
(3) U.S. Bureau of the Census, (24) 
(4) FHWA, (27) 

TABLE ➔ --Percent of Population Registered to 
Drive by Age-Group and by Sex 

ACE CROUP HAU DRIVERS FEMALE DRIVERS 
1969(l) .!!1!<2> 1969(l) .!!ll (2) 

16-19 70,1 61.2 53,6 52.6 

20-24 90,6 97.7 76.5 87,5 

25-29 96.1 100< 3> 79.4 96.0 
30-34 93.2 100 77,4 95.1 

JS-39 94.9 100 7.5.8 91.8 

40-44 94.6 100 74 . .5 87.6 

· 45-49 94.0 98.6 72.9 83.3 

50-54 92.6 95.9 62.6 78, 7 

5S-59 90.5 96.0 53.4 75,9 

60-64 87.4 97 • .5 · 45.6 71.8 

65-69 74, 0 92.8 38.9 58.8 

70 and Over 61.8 82,2 20.2 35,0 

TOTAL 87.0 94.l 61.5 75 . .5 

Sources: (1) U.S. Bureau of the Census, (24) 
(2) FHWA, (27) 

TOTAL 

1969(1) 

61,9 

83.3 

87.6 
85,l 

85,l 

84. 3 

83.1 

77.0 

71.1 

65,l 

54 .6 

37.0 

73.6 

Note: (3) N1.11Dber of registered drivers equaled or exceeded census 
estimated population 
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1979<4> 

8. 3 

13.3 

13.0 

11.6 

9. 3 

7.6 

7,1 

7.1 

6.8 

5.6 

4,5 

5.9 

53,4 

46.6 

(26) 

1979<2> 

56.9 

92.6 

100°> 
100 

98.0 

94.8 

90,8 

87 .o 
85.5 

83.9 

73.9 

53.2 

84.4 



.• 

Census indicates that drivers 60 and 
over account for about 10 percent of the 
cecal vehicle miles traveled and chis 
has not changed from 1969 to 1979 (see 
Table 5 ). 

~it~ regard to sex, it can be seen from 
Table 3 that the percentage of the re­
gistered driving population which is 
female is approaching 50 percent. But 
although female drivers accounted for 
46.7 percent of the registered drivers 
in 1979, only 27.6 percent of the VMT 
traveled in the U.S. is driven by 
~~males. While slightly longer brake 
reaction time have been observed for 
f:males (93), the principal influence 
cf sex relates to their size and more 
srecifically their lower eye heights. 

TABLE 5 --Annual VMT Driven by 
Age-Group and by Sex 

AGE GROL'P 

:6-19 
20-34 

3:-49 

5·J-59 

PERCENTAGE OF TOTAL VMT 

1969(!) 1919<2 . 3> 

4.8 4. 7 

37 .1 42.1 
32. 3 28. 5 

16.0 14.5 
6'.• and Over 9.9 10. 1 

FE!1ALE 

Sources: 

VISION 

73.0 72. 4 

2 7. 0 27.6 

(1) U.S. Bureau of the 
Census, (24) 

(2) FHWA, "Highway Statistics. 
1979" (27) 

(3) FHWA, "1977 Nationwide 
Personal Transportation 
Study" (28) 

Various senses serve as input channels 
in driving, but vision is undoubtedly 
one of t'he more important. The driver 
depends largely on visual input to pro­
vide information regarding the driving 
environment. The driver's responses co 
that environment depend in part on his/ 
her basic visual capabilities and how 
effectively they are employed at any 
given time; however, physiological fac­
tors alone cannot account for the 
efficieny of a driver's vision or the 
quality of his/her driving. This may 
explain why direct relationships be­
tween visual ability and driver perfor­
mance have not been established. 

Any driver characteristic requiring or 
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,ncorporating visual ?erception detec­
tion or recognition will be impacted by 
che visual characteristics of the driv­
ing population. These would include 
information processing capacity, detec­
tion and maneuver time, perception­
reaction time, etc. The factors in 
vision most pertinent to the driving 
task as they relate co the standards of 
interest include: visual acuity (static, 
dynamic, and kinetic), field of view, 
cone of vision, and color vision. The 
following sections consider each of 
these factors in terms of their physio­
logical bases, their effects on driver 
characteristics forming the basis for 
design specifications, and where pos­
sible their distributions in the driv­
ing population. 

Visual Acuity 

Visual acuity has been defined in a 
number of ways, but is most easily 
expressed as the ability to resolve de­
tail at a distance or the smallest 
visual angle of detail that can be dis­
criminated. The limit of human visual 
acuity appears co be in the vicinity 
of one half minute of arc under clinical 
testing conditions. 

A distinction can be made between three 
types of visual acuity: static, dynamic, 
and kinetic. 'Static visual acuity in­
volves resolution when the target is 
stationary in the observer's field of 
view. Dynamic acuity involves resolu­
tion when there is angular movement of 
the target in the observer's field of 
view, regardless of whether it is the 
target or the observer in motion. Kiner­
ic visual acuity involves resolution i~ 
chose instances where the distance be­
tween target and observer is being 
changed without an angular movement of 
the target in the field of view. In 
:his case, the target is moving towards 
or away from the observer, or the ob­
server is moving towards or away from 
the target. 

All three forms of acuity are important 
in driving. When both the driver and 
the target are stationary, such as 
stopped for a light and trying to read 
a street sign, static visual acuity is 
of concern. In approaching and trying 
to read an overhead information sign, 
the driver is moving towards the target, 
but the target remains in the cone of 
vision. This involves kinetic visual 
acuity. Resolving a child's ball bounc­
ing into the street from the sidewalk 
or reading a sign mounted off the shoul­
der as one drives towards it involves 
dynamic acuity. 



Static visual acuity is one of the few 
driver performance characteristics that 
is tested during licensing and for which 
standards are established. According 
co data gathered by NHSTA (29), 35 States 
require 20/40 vision or better in both 
eyes with glasses, 5 States require at 
least 20/50 vision. another 5 ~taces re• 
quire at least 20/60. and still another 
5 require only 20/70 (although some of 
these last five have special require­
ments). Drivers in the last categories 
will have significantly less time to re• 
spond to visual stimuli since they will 
not be able co discriminate the target 
object until they are much cloaer to it 
than a driver with "average" visual 
acuity. 

There is no standard test for dynamic or 
kinetic visual acuity, although some 
have been devised for research purposes 
(see Burg (30)). Currently no States 
test for dynamic or kinetic visual 
acuity. 

The most comprehensive source of data on 
visual acuity in drivers comes from the 
extensive data collection efforts in 
California by Burg (31). Figure 3 shows 
the cumulative percentile distribution 
of static visual acuity scores for 669 
passenger car drivers of both sexes 
(37 percent female) and all ages (16 
years to 86 years). A prototype testing 
device was used to arrive at an acuity 
score comparable co Snellen test scores. 
7ests were conducted under normal illumi­
nation, low level illumination (night 
driving), and under two eXl)erimental 

conditions designed co simulate veiling 
and spot glare. 

Scaling from the normal illumination 
curve, the following values are found: 

• 50'- C ile 

• mean 
• 857.cile 

• 957.tile 

20/20 acuity or better 

about 20/26 acuity 

20/33 acuity or better 

20/40 acuity or better 

Under illumination levels represenca• 
cive of night driving (2.3 to 0.2 fc-L 
(7.9 co 0.7 cd/ml)), these values are 
much worse as shown below: 

• 501.tile 20/28 acuity or better 

• mean 20/132 acuity 

• 85'!.t ile 20/175 acuity or becte1 

• 951.tile 10/190 acuity or better 

While this data is for California driv­
ers, there is no apparent reason for 
believing that the distribution would be 
much different for drivers from ocher 
states. 

More recent data on driver's visual 
acuity is provided by Davison and Irving 
(32) for British drivers. The authors 
compared their results with those sup­
plied by Burg for 3,848 California 
drivers (not the same sample as describe 
earlier). The comparison, indicating 
nearly equal proportions, is shown in 
Table 6. 
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TABLE 6 --Comparison of Acuities 
of UK and USA Drivers 

USA Drivers 
UK Drivers (Burg (31)) 

Criterion (N . 1368) - (N • 3848) 

20/20 or better 90.7 85.8 

20/30 or better 97.0 96.1 

20/40 or better 99.0 99.0 

20/60 or better 99.6 99.8 

Worse than 20/60 0.4 0.2 

Source: Davison I, Irving 02) 

Both_stat~c and dynamic visual acuity 
decl1ne with advancing age, especially 
after about age 45. Trends in static 
acuity as determined by Davison and 
Irving and by Henderson and Burg (33) 
indicate 30 to 50 percent worse static 
visual acuity for a 70 year old compared 
to a 45 year old. 

Dynamic visual acuity is generally poorer 
than static acuity. and this difference 
becomes more pronounced with increasing 
angular velocity of target movement. 
Furthe7, t~e degenerative effects of age 
on ~cuity is more pronounced for dynamic 
acuity. These relationships were inves­
tigated by Burg (30) and by Allen et al 
(34). It also appears from their data 
that males have a slight but consistent 
advantage in terms of acuity (static 
and dynamic) over females. 

Acuity is one of several factors affect­
ing sign legibility. Therefore, one 
would expect that the elderly with 
poorer acuity would have less time to 
read signs. This was found to be the 
case fro'.ll the work of Sivak ec al. (35) 
who observed a significant reduction 
in nighttime legibility distance for 
older :est subjects compared to younger 
subJects. 

Field of View/Cone of Vision 

The inner-most, interior surface of the 
eye. _the retina, is the light-sensitive 
area containing the receptors for sight. 
These receptors are divided structurally 
and functionally into two groups, the 
rods and the cones. The cones function 
under conditions of high illumination 
and give rise to color vision. The rods 
function under conditions of low illum­
ination and give vision only in shades 
of gray. 

The point on the retina at which the 
central ray of incident light focuses 
is known as the fovea. The fovea covers 
about 1mm, or 2 degrees, of the retina 
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and t~e central port~on, or l degree, 
contains only cones. Cones continue to 
predominate out to about 5 degrees, be­
yond which point the rods are most num­
erous, reaching their maxim1.m1 density at 
about 16 degrees from the center of the 
fovea. 

It is this retinal physiology which 
determines the driver characteristics of 
field of view and cone of vision. The 
driver must of necessity possess some 
breadth of lateral visual awareness in 
order to pass approaching vehicles safely 
and c~ be aware of vehicles, pedestrians, 
or animals approaching from the side. 

He must be able co see more than straight 
ahead (field of view), while "straighc­
ahead" must be defined in terms of an 
area of clearest perception (cone of 
vision). 

Cone of vision refers to that portion of 
the visual field which is normally in 
focus; the primary line of sight plus a 
certain angu~ar extension corresponding 
to distribution of cone cells in the 
fovea. Field of view is the area visible 
co the subject without head or eye move­
ment, and is determined by the distribu­
tion of rods in the retina. 

Any highway design standard based in 
part on a driver characteristic involv­
ing visual perception is impacted by the 
concepts of field of view and cone of 
vision. For example, perception­
reaction time will be affected by the 
initial location of the stimulus. If 
the stimulus falls outside of the field 
of view, it will not be noticed and will 
not be responded co. If its image init­
ially falls within the cone of vision, 
its detection and recognition should 
prove relatively rapid. As the initial 
image of the stimulus object approaches 
che periphery of the field of view, 
detection time increases, motion of the 
object becomes more critical for detec­
tion, and the image muse be transferred 
to the cone of vision (through head or 
eye movement) for recognition to occur. 
All of these factors increase percep­
tion-reaction time. 

Field of view without any movement of 
the head is generally considered to 
extend approximately 180 degrees later­
ally binocularly, and 130 degrees verti­
cally (Henderson and Burg (33)). Figure 
4 presents the cumulative distribution 
of lateral field of view of 17,249 
California drivers, as derived from data 
by Burg (36). The mean value based on 
these figures is 171.6 degrees, and 
there is no reason to believe at this 
point that California drivers would 
differ significantly from drivers in 
other States. 
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LATERAL FIELD OF VIEW IN DEGREES 

FIGURE 4--Cumulative Distribution of Lateral Field of View 
in Degrees Derived from Statistics by Burg (36) 
for 17,249 California Drivers 

Source: Burg (36) 

Currently, only 14 States require testing 
of, and set standards for, field of view 
for licensing purposes. Within this 
group, one requires only 70 degrees, one 
100 degrees, one 110 degrees, three 120 
degrees, one 130 degrees, and seven re­
quire 140 degrees for binocular field of 
vision (29). Based· on the data of Burg, 
it would appear that practically all 
drivers (over 95 percent) have a field of 
view more than the maximum limit of 140 
degrees. 

Cone of vision is generally accepted to 
be 10 degrees (5 degrees to either side 
of the line of sight) on a theoretical 
level as reported by Mitchell and Forbes 
(37). However, no population data has 
been located which would define the exact 
nature of the characteristic distribution. 

. Color Vision 

Only eight States currently set minimum 
standards of color perception for pas­
senger car licensing. Of these eight, 
three require red, green, amber discrimi­
nation, and one requires red-green dis­
crimination (29). 

Table 7 presents the frequency of various 
types of color deficiencies in terms of 
the percentage of the population possess­
ing the various visual systems. From 
these figures we can see that 0.0025 per-
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cent of the general population is totally 
color blind . .Another 1.06 percent lack 
red-green color vision, and 3.15 percent 
are either red-green weak. Thus, a 
total of approximately 4.21 percent 
(predominately males) of the general 
population has some degree of difficulty 
with red-green color perception. Another 
0.0026 percent have some degree of dif­
ficulty with yellow-blue perception. 
These figures most liley apply to the 
driving population as well, given so 
few States examine for color blindness. 

DRIVER EYE HEIGHT 

Driver eye height is defined by AASHTO 
(1) as the vertical distance between the 
roadway surface and the driver's eyes. 
This vertical distance is a function of 
both driver and vehicle characteristics . 
The principal driver characteristic in­
fluencing the eye height ls the driver's 
anthropometric measurements; in particu­
lar seated eye height, weight, and driv­
ing posture. The seated eye height is 
the distance between the seat and the 
eyes of the seated individual. Obviously, 
this measurement when combined with the 
height of the seat relative to the road­
way surface yields the driver eye height. 
In addition, however, the weight of the 
individual has a direct bearing on how 
compressed the seat springs and cushion 
are (and thus the height of the seat) 



TABLE 7--Percentage of Population with 
Various Color Deficiencies 

Designation Nont heoret ical Percentage of Population 
by Number of Designation that have these Visual 
CQmponents (Kries) S:z:stems 

Male Female 

Anomalous Protanomaly 1.0 0.02 
Trichromatism (red weakness) 

Deuteranomally 4.9 0.38 
(green weakness) 

Tr it anomaly 0.0001 0.0000 
(yellow-blue weak) 

S.90 

Dichromat ism Protanopia 1.0 0.02 
(green blindness) 

Deuteranopia 1.1 0.01 
(red &/or green blindness) 

Tritatanopia 0.0001 0.0000 
(yellow-blue blindness) 

Tetartanopia 0.0001 0.0000 
(yellow-blue blindness) 

l.:J.Q 

Monoc hromat ism Total Color Blindness 0.003 0.002 

Abnormal Systems 8.0 

Normal Systems 92.0 

Source: Reference (39) 
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0,40 

0.03 

0.43 

99.57 



when the driver is seated. Also. the 
driver has a preferred driving posture 
as reflected in the front-co-back posL­
tioning of the seat (which usu.ally has a 
vertical component as well as horizontal) 
and the seat back angle (if it is adjust• 
able in the particular vehicle model). 
The principal vehicle characteristic in­
fluencing driver eye height LS the seat 
height; chat is, the vertical distance 
between the seac and the roadway surface. 
The seac height dimension, however, is 
not solely dependent on the vehicle de­
sign; ic also varies as function of how 
the vehicle is loaded. Another aspecc 
of the vehicle which affects driver eye 
height is the seat back angle (if the 
seat back if adjustable, the seat back 
angle is variable and depends on the 
driver's preferred driving posture). 

Measurement Technigues 

A variety of techniques have been used 
over the years co measure driver eye 
height; each falls within either of two 
basic categories: dynamic and static. 
(The results from 10 studies using these 
techniques are swmnarized in Table 8.) 
Stacie measurements are those taken 
whLle the vehicle is stationary. This 
technique generally involves the measure­
ment of applicable seat dimensions (e.g., 
seat height and seat back angle) for all 
(or a sample of) vehicle makes for the 
study year(s) and combinLng chis data 
with measurements taken of drivers 
seated in a mock-up driver's seat. This 
scientific approach of breaking the 
characteristic (driver eye height) into 
its components and analyzing each in­
dividual component certainly has its 
advantages. In terms of vehicles, his­
torical trends can be drawn on the 
average seat height (and, for chat mat­
ter, the lowest, highest or any percen­
tile in between) for a particular fleet 
year based on vehicle sales. The mea­
surements of individual drivers can be 
disaggregated by age and sex and subse­
quently be manipulated co depict total 
exposure that reflects changes in VMT 
occurring for age and sex groups. A 
refinement ca the static measurement 
technique has been the development of 
eyellipse distributions for scacionary 
vehicles chat account for both the 
variety of seat back angles and the 
elliptical motion of the eyes ~hen driv­
ing. Recent trends have been away from 
the static measurement technique and 
coward the dynamic measurement technique 
because of its direct results Erom 
"real world" operations of vehicles. A 
variation of the static technique has 
been the determination oE driver eye 
height by assuming a standard distance 
between the top of the vehicle and the 
driver's eyes for particular percentiles 
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of drivers. for example, s:udies (40) 
have shown chat che median (50th percent­
ile) driver eye height is approximately 
10 inches (0.25 m) less than chat overall 
vehicle height in American-made cars. 

Dreamic Measurements are those ~ade while 
c e vehicle is in motion. The driver is 
photographed while operating the vehicle 
and the eye height is calculated from 
the photographs. These dynamic measure­
ments depict actual vehicle loading con­
ditions and actual driving postures and 
thus could be more representative of 
actual driver eye heights than the static 
measurements. However. che dynamic 
measurement technique has several short­
comings when compared with the static 
measurement technique. Perhaps the most 
important shortcoming is the potential 
for more imprecision in the eye height 
measurement than occurs in the static 
technique. For example in the 1960 study 
conducted by C.E. tee (40), the smallest 
legible gradation in the photographs 
corresponded to a change in driver eye 
height of 0.25 inches (6.35 mm); in the 
1979 study conducted by W. Cunagin and 
T. Abrahamson (41), the smallest measure­
able gradation corresponded co a change 
in driver eye height of 1.0 inches 
(25.4mm). 

Site selection for the field measurements 
is critical co the ~alidity of the tech­
~ique. The horizontal and vertical geo­
metrics of the roadway and the presence 
of peripheral distractions (e.g .. signs) 
will affect driver eye height. The time 
of day for the measurements also has a 
direct bearing on driver eye height; in 
particular, the position of the sun and 
the presence of glare can cause the 
driver to significantly change the driv­
ing posture and thus the eye height. For 
this reason, dynamic measurements are 
typically conducted during the mid-dap. 
However, the common practice of taking 
mid-day ~easuremencs suggests another 
shortcoming of the dynamic technique-­
the potential for the sampl~ to not be 
representative of all I/MI'. Ic could be 
conjectured chat the mid-day drLving 
population is comprised of a greater 
percentage of the young, the elderly and 
females than is found the rest of the 
24-hour period. Likewise, locale can be 
a significant factor; both a college town 
and rural areas would have younger driv­
ers than large cities. This potential 
skewing of the driver eye height distri­
bution needs co be recognized in any 
analysis of dynamic measurements taken 
of an uncontrolled sample. 
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Driver Eye Height Specifications 

Starting in the late 1940's, the corr:monly 
used driver eye height for highway design 
was 54 inches (1.37 m). Several studies 
in the late 1950' s and early 1_960' s 
?rompted AASH'!O to adopt a driver eye 
height of 45 inches (3. 75 ft) (1.19 m) in 
A Policy on Geometric Design of Rural 
Highways (l). The latest MUTCO (3) issued 
by the U.S. DOT in 1978 also uses the 45 
inch driver eye height standard. AASHTO 
is currently developing an updated ver­
sion of the "Blue Book." The latest 
version (5) recommends a driver eye 
height of 42 inches (3.5 ft) (1. 07 m). 
This downward movement of recommended 
driver eye heights has followed the 
American trend toward increased reliance 
on foreign compact cars and downsizing of 
full size and intermediate car models. 
Similarly, the Roads and Transportation 
Association of Canada (42) has adopted 
an eye height value of 1.05 m (41.3 in). 
The standards for driver eye height that 
are used in European countries are typi­
callv lower than the current American 
standard of 45 inches (1.14 m) and pro­
posed standard of 42 inches (1.07 m). As 
reported at an OECD meeting in 1976 (43), 
the United Kingdom uses 41.3 inches 
(1.05 m) and Germany and France use 39.4 
inches (1.0 m). Australia at the time 
was also using the 3.75 feet (45 in) 
(1.14 m) standard. 

Distribution of Driver Eye Height for 
D~iving Population 

As shown in Table 8. four studies of 
auto driver eye height have been re­
?Orted in the past four years. Despite 
the availability of data from these 
recent studies, it is not possible to 
directly develop a percentile distribu­
tion of American auto driver eye heights 
for the current or a recent point in 
time. Each of the four has a flaw. 

The 1978 study "Driver Eye Height Com­
parison for 1976 and 1978" by MVMA (44) 
presents a distribtuion of driver eye 
heights ·based on actual sales of 1976 
and 1978 American-made automobiles. The 
listed driver eye height for each model 
automobile is based on the estimated 
seated characteristics of the "average" 
driver. Thus, the 85th percentile driver 
eye height listed for 1978 by MVMA should 
not be construed to be the same as the 
85th percentile of all individuals that 
drive 1978 fleet automobiles; instead, 
it depicts the 50th percentile driver 
seated in the 85th percentile automobile 
of the 1978 fleet. As noted, the dis­
tribution pertains only to American-made 
autos which in 1976 and 1978 comprised 
81.l and 81.9 percent of all new car 
sales in the U.S. 

The MVMA study does, however, ?rovide 
useful data on relationships between 
different percentiles of vehicle seat 
heights. The study found that the 85:h, 
90th and 95th percentile heights dropped 
0.3-0.5 inches (8-13 mm) between 1976 
and 1978. Also, the difference in the 
median driver's eye height seated in the 
50th percentile car from the height 
estimated for the 95th percentile car 
was 2.7 inches (69 tm11) in 1976 and 3.1 
inches (79 mm) in 1978. 

The 1978 study "Determination of Motor 
Vehicle Eye Height for Highway Design"' 
by Boyd (45) gathered data on automo­
biles considered represencacive of 1974 
through 1977 model years based on rela­
riv-~ sales. The study involved dynamic 
measurements of randomly sampled cars 
and thus was more indicative of the 
actual distribution of driver height 
and statures than was the MVMA study. 
However, in the Boyd study only 3 of the 
15 models reported were small or com­
pact cars and none were imports. Ward's 
Automotive Yearbook for 1975 estimated 
that in 1975 approximately 12 percent of 
all operating automobiles in the United 
States were imported. Despite chis 
shortcoming, the study's relationships 
between percentiles are useful because 
of their accounting for "real life" 
distributions of varying driver sizes 
in varying vehicle sizes. The Boyd 
study, as shown in Table 8, found that 
the 85th percentile driver had an eye 
height 2.4 inches (61 tm11) less than the 
median driver eye height. 

The 1979 study by Cunagin and Abraham­
son (41), "Driver Eye Height: A Field 
Study," involved dynamic measurements 
of random automobiles and their drivers. 
The technique resulted in a fairly rep­
resentative sample of the actual auto­
mobile fleet in 1978 (42 percent of the 
observed automobiles were compacts or 
smaller; according co Ward's Automotive 
Yearbook the current split bet~~en com­
pacts and larger cars is practically 
even). Despite the fact that this study 
involved dynamic measurements of a prop­
~rly (relatively) distributed sample, 
two shortcomings of the study prohibit 
the direct extrapolation of the data as 
a means of determining the current dis­
tribution of driver eye heights. First, 
the photograph techniques used by Cuna­
gin et al. limited the estimated driver 
eye heights to be read to no greater 
level of precision than one-tenth of a 
foot (O.OJm). This relative impre­
cision is especially important when it's 
realized that the 1978 MVMA study de­
scribed above revealed one-tench foot 
(O.OJm) increments between the 75th, 
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85th and 95th percentiles. The second 
weakness of the study is its relatively 
small sample size--only 148 automobiles 
were photographed as compared to 195 
by Boyd et al. in 1978 and 761 by Lee in 
1960. 

The· 1981 study by Lee and Scott (38) 
"Driver Eye Height and Vehicle Sales 
Trends" which was based on a 1980 study 
by R.L. Lee used static measurements to 
estimate driver eye heights. Unlike pre­
vious static measurement technique stud­
ies, this analysis estimated the eye 
height of the 95th percentile driver 
seated in the 50th, 85th, 95th and 100th 
percentile vehicle. These estimates 
were based on the assumption that the 
95th percentile driver has an eye height 
1.7 inches (43 rmn) less than that of 
the 50th percentile (or median) driver 
which in turn is estimated to be 10 
inches less than that of the vehicle it­
self. This figure of 1.7 inches (43 mm) 
was drived from the Society of Automo­
tive Engineers eyellipse template. 

In contrast, a 1969 study by Stoudt (SO) 
of static seated individuals indicated a 
50th-to-95th percentile increment of 2 
inches (51 mm) for males and 3.3 inches 
(84 mm) for all drivers when males and 
females are weighted according co their 
driving exposure; a 1980 study by Hasle­
grave (51) revealed a 50th-to-95th per­
centile increment of 2.3 inches (58 mm) 
for males and 3.3 inches (84 mm) for all 
drivers. The identical results of the 
Stoudt and Haslegrave studies would in­
dicate that the 1.7 inches (45 mm) used 
in the Lee study should be approximately 
doubled. Another pr~bably erroneous 
assumption made in the Lee study is that 
a 95th percentile driver (albeit derived 
using the "l. 7 inch rule") seated in the 
95th percentile auto will yield the 95th 
percentile driver eye height. Although 
this assumption is possible, it is never­
theless more likely that the "shortest" 
5 percent of all drivers do not just 
drive the "shortest" S perceiit""of the 
auto fleet. Therefore, the Lee study 
estimates for 95th percentile driver 
eye heights are based on two erroneous 

_ assumptions which have conflicting (and 
- possibly negating) effects: (1) the 
underestimate of a 1.7 inch (43 rnm) in­
crement between the 50th and 95th per­
centile driver would indicate chat the 
95th percentile eye height is calculated 
too high, and (2) by combining the 95th 
percentile auto with the 95th percentile 
d~iver,_the study produces a 95th percen­
tile driver eye height which is calculated 
too low. One final point, the assumed 
10. inch (254 mm) distance between the eye 
height and the top of the vehicle may be 
too large because cars have become small­
er and more compact since the 10 inch 
~54 mm) increment was measured. 
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Current Driver Eye Height Estimates 

By using the data from the above four 
studies (and recognizing the limitaciot.s 
of the data), the distribution of auto 
driver eye heights for the current fleet 
is estimated to be as follows: 

• 50th percentile (median) is esti­
mated to be 43.1 inches (l.09m)-­
Lee study of median heights for 
1979 domestics and imports yielded 
a figure of 43.l (1.09m); in 1978 
Cunagin estimated a total fleet 
median eye height of 43.3 inches 
(l.lOm) which would have been ex­
pected to decrease a small amount 
in the pasc 3 years. 

• 85th percentile is estimted to be 
41.l inches (l.04m)--the incremen­
tal change in total fleet driver 
eye heights between the 50th and 
85th percentiles measured by Boyd 
and Cunagin were 2.4 and 1.5 inches 
(61 and 38 111111 ) respectively; by 
applying this factor to the 50th 
percentile estimate and averaging 
the result, a height of 41.1 inches 
(1.04m) is obtained. 

• 95th percentile is estimated to be 
40.2 inches (l.02m)--by applying 
the MVMA--developed relationships 
between•the median, 85th and 95th 
percentile vehicle heights in 1976 
and 1978, an average figure of 
40.2 inches (1.02m) is obtained. 

These values are, of course, crudely 
developed estimates. Comprehensive fiel~ 
tests offlr :he ;nly proper neans of ob­
taining reliable estimates. 

Truck Driver Eye Height 

The 1978 study by Boyd (45) estimated a 
median driver eye height of 100.8 inches 
(2.56m) for cab-behind-engine truck 
models and 94. l inches (2.39m). for cab­
over-engine truck models (American-made 
only). The "1977 Census of Transporta­
tion. Truck lnven tory and Use Survey" 
(52) estimated a distribution of VMT bv 
cab-behind and cab-over models to be 52. 7 
percent to 47.3 percent. The U.S. FHWA 
annual publication "Highway Statistics" 
(27) estimated that in 1979 these truck 
types accounted for approximately 4.4 
percent of all VMT in the U.S. Thus a 
design that does not account for the 
highest 5 percent driver eye heights 
effectively excludes all large trucks. 
An estimated maximum driver eye height 
could be computed by combining the maxi­
mum median driver eye height for various 
COE truck makes (which is 102.8 inches, 
2.61m) with the relationship between 
50th and 99th percentile driver seated 
eye heights (3 inches, 76mm) as observed 



by Stoudt and Haslegrave and verified by 
Sanders (SJ). The resulcanc "maximum" 
driver eye height is 105.8 inches (2.69m). 
The "mini!llum" driver eye height for large 
trucks probably approximates the "minimum'' 
median driver eye height observed by Boyd 
(45} for CBE crucks--89.3 inches (2.27m). 
Each of these driver eye height values 
is greater than the 72 inch (1.83m) 
specification value used in the 1965 
AASHTO "Blue Book" to develop minimum 
lengths for s?g vertical curves through 
grade separations. 

Projected Future Trends 

The task of projecting driver eye height 
trends for the future is a difficult one, 
not only because of the uncertainty of 
future auto sizing trends but also be­
cause of uncertainty as to the accuracy 
of the estimates for the current driver 
eye height distribution. Lee (38) showed 
that the 95th percentile vehicle and the 
lowest domestic vehicle have been hold­
ing steady for the past 5 years at vehi­
cle heights of 39. 4 and 38. 0 inches 
(1.0 and 0.96m), respectively. As these 
compacts become a greater proportion of 
the total vehicle fleet, the median dri­
ver eye height will decrease. However, 
the 95th percentile will remain rela­
tively stable at its current estimated 
level of 40 inches (1.02m) with its pro­
bable lower limit being approximately 
39.5 inches (l.OOm). In addition, the 
85th percentile value will approach 
(but probably never reach) the 95th per­
centile as the percentage of compacts 
and subcompacts increases. 

PERCEPTION-RE.ACTION TIME 

Perception-reaction time consists of 
three components: the time it takes for 
a driver to perceive and recognize a 
particular object or situation, the time 
it takes to decide what action should 
be taken, and the time it cakes co 
initiate the action (e.g., move foot 
onto the brake pedal and activate the 
brakes). 

The duration of each of these components 
is a: function of the particular situa­
tion and of the locatiai, type, and rela­
tive movement of the object to be 
sighted. For that reason it is nec­
essary to address the driver character­
istic perception-reaction time in terms 
of the particular standard involved. 
Discussed below are several highway 
design and operations standards and their 
appropriate perception-reaction time 
values including those for stopping 
sight distance, intersection sight dis­
tance, railroad grade crossing sight 
distance, passing sight distance, and 
vehicle clearance interval. 

Stopping Sight Distance 

'The standard for stopping sight distance 
'pertains to a situation where~ driver . 
· of a vehicle on a tangent section, vertic­
· al curve, or horizontal curve sights an 
object in the roadway ahead and stops the 
vehicle prior to reaching the object 
(thus, the commonly used term perception­
brake reaction time). 

The current 2.5 second specification 
value appears to be based on the results 
of the Johansson and Rumar study (54) 
which measured the brake reaction times 
of 321 drivers under an anticipated con­
dition and a much smaller sample under 
surprise conditions. The researchers 
concluded that on 10 percent of the 
occasions (test), brake reaction time 
was estimated to be 1.5 seconds. On what 
basis the additional one second was added 

·to arrive at 2.5 seconds is not clearly 
stated in AASHTO Manual ( 5) but presum­
ably it was added to account for the per­
ception time. A careful review of the 
Johansson and Rumar study reveals that 
what was really measured is brake reac­
tion time exclusive of any perception 
time since the subject, regardless of 
whether they were alerted or not, knew 
they were to apply the brakes upon hear­
ing a signal (a horn) in the car. As 
stated in the j\ASHTO ~anual the 2.5 sec­
onds is supposed to be "large enough to 
include the reaction time required for 
nearly all drivers under most highway 
conditions" (emphasis added). It is 
implied that 90 percent of drivers con­
stitutes "nearly all" drivers. 

Perception-brake reaction times can be 
determined in either of two ways: ex­
periments which measure the entire per­
ception-brake reaction time or by simply 
adding the individual values experi­
mentally determined for each of the com­
ponents, perception, decision, and limb 
movement. The first method is_preferred 
because it is more realistic. The pro­
cesses of detection, perception, decision 
making and physical response are often 
overlapping and can not simply be added 
as step-by-step tasks. For instance, 
the driver can take his/her foot off the 
accelerator while he/she decides whether 
or not to stop. 

There are numerous studies which have 
attempted to develop data on perception­
brake reaction time or components of it. 
A good summary of most of these is found 
in a recent paper by Taoka (55). Table 
9 swnmarizes the results of the various 
studies on brake reaction time. The 
first group""iireexperiments that were 
conducted under simulated conditions in 
the laboratory or field controlled con­
ditions. As such the values (primary 
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TABLE 9--Surnrnary of Studies on 
Brake Reaction Time Studies 
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means) are considered only brake reaction 
:imes under expected conditions. Taoka 
refers to it as "simple laboratory 
response time", which is not indicative 
of actual driving situations. 

The second group are results of field 
driver response experiments which attempt 
to duplicate actual conditions. All of 
the studies have deficiencies inherent 
in their procedure which makes their 
results less than ideal. Most measured 
subjects were already alerted and antic­
ipating a signal and some were respond­
ing to an auditory signal. Visual per­
ception of objects, other t~an a brake_ 
light ahead that would require a motorise 
to stop, were not considered in these 
studies. 

Visual perception can involve several 
components: latency, eye movement, fixa­
tion and focusing (detection), and 
finally recognition. For the purposes 
of this study, an object is perceived 
once it has been detected and recognized 
as the object. 

For a laboratory study, latency is 
defined as the delay between the cime 
the stimulus is presented and the time 
the eyes begin to move to the stimulus. 
This has relevance to the highway when 
the object is in the peripheral vision of 
the motorist either because the object 
is off the side of the road while the 
motorist is fixating down the road or, 
more importantly, if the object is in 
the travel lane and the motorist is 
fixating away from the object. Such 
might be the case i_f the mo~orist is in­
attentive (daydreaming, fatigue, etc.), 
or distracted or in the course of normal 
head and eye movements. That a driver 
might not be fixating down the travel 
lane is common enough that this scenario 
should be considered in the perception 
process. (An argument against this 
assumption can be based on Rackoff and 
Rockwell's (56) studies of eye movements 
and fixations.) During the day they found 
that their test subjects fixated straight 
ahead 92.6 percent of the time on free­
ways ana 64 percent on rural highways. 
However, these subjects were in a more 
attentive state and had helmets on which 
would limit their "normal" head· move­
ments). 

Data on latency eye movement times are 
provided from laboratory studies by 
Bartlett and his colleagues (57) which 
examined the cumulative distribution of 
latencies of eye reaction to stimuli 
located 10, 20, and 40 degrees off the 
visual axis. The various percentile 
values for the 20 degree curve, which is 
not unrealistic for driving situations, 
are as follows: 

Percentile 

Latency (sec) 

so 75 80 85 90 95 99 

.24 .27 .29 .31 .33 .35 .45 

These data are based on only 3 subjects. 
Eye movement times for a target 20 de­
grees off the visual axis averages 
about 0.09 seconds according to White 
el al (58). This value is compatible 
with the 0.15 co 0.33 seconds cited by 
·Matson, Smith & Hurd (59) as the time 
for moving the eye to fi~ate to t~e left 
or right in scanning an intersec~ion 
scene--a situation with a much wider 
angle than 20 degrees. 

The time it takes to bring the object 
into focus on the retina can be consider­
ed minimum fixation time. Data on this 
component is skimpy and each is quali­
fied by its own experimentation appara­
tus, precedure, and purpose. Matson, 
Smith & Hurd (59) cite a range of 0.1 
to 0.3 seconds for fixation time and 
Mourant et al. (60), reported mean fixa­
tion times of 0.27 seconds of various 
objects during open road driving. No 
studies were uncovered chat would yield 
reliable distribution profiles for this 
component. 

The last component of the perception 
process is termed the recognition phase 
and is defined here as the time for the 
brain to interpret the image that the 
eye has focusep on as a recognizable . 
object. For many targets t~is recogni­
tion phase is, in all likelihood, 
instantaneous with detection. But as 
objects become less familiar to the 
motorist and where legibility and read­
ing are required, this recognition phase 
can take on a measurable time period. 
The object height used for stopping sighc 
distance is & inches, which was arbic­
arily selected by AASHTO as "representa­
tive of the lowest object that can create 
a hazardous condition and be perceived as 
a hazard by a driver in time co stop be­
fore reaching it" (5). Objects this low 
would be animals, rocks, or vehicle debris 
such as a muffler. More common objects 
particularly at intersections would ~e 
pedestrians and vehicles, b~th of ~hich 
exceed the 6 inch (1. 5 m) obJect height. 

The fact that recognition time is a mcr,­
tal process makes it nearly impossible 
co measure it alone. The recognition 
component can not be isolated from the 
total information gathering process and 
consequently, is measured only as part 
of the total perception phase. Data 
which could be used to approximate this 
component is available from the work of 
Ells and Dewar (61) and Ells et al. (62 l. 
Ells et al. found the mean response time 
of 12 subjects responding co sign tar­
gets after being detected to be from 0.42 



:o 0.48 seconds. !n another si::nilar 
scudy, Ells and Dewar found chis co be 
about 0.6 co 0.7 seconds. 

Although ic has not always been recogniz• 
ed, there can be a decision process in• 
volved in the perception-b-rake time. For 
_the purposes of stopping sight distance, 
the amount of decision time is probably 
inversely proportional co the amount of 
time remaining before collision. This is 
to say, if a panic maneuver is necessary 
to avoid a collision with an opposing 
vehicle, then the decision time Ls likely 
instantaneous with the moment of percep· 
tion. However, a review of the licera• 
cure could neither confirm nor refute 
chis hypothesis. The most pertinent 
data available from the literature Ls 
that of tunenfeld (63) which states chat 
85th percentile driver decision times 
~ould be as follows for both expected 
and unexpected situations: 

!:,formation Decision Time 
Content (Items) Exeected L'ne xeect eel 

0 0 sec. 0 sec. 
l 0. 7 sec. 1.0 sec. 
2 1. J sec. 1. 6 sec. 
3 2.0 sec. 2.6 sec. 

For the case of sighting an object in the 
roadway, the decision is relatively sim· 
ple and thus it is likely the decision 
time will fall between O seconds and a 
maximum of 1.0 seconds. 

The last component Ls brake reaction. 
The values suggested are chose from the 
Johansson and Rumar study (54) under an 
unalert~d condition. 

To ~u.."1111arize, Table 10 shows the various 
oercentile values for the individual 
components of the perception-brake re­
action time as suggested by the Litera­
ture. Three coca ls are shown. If it is 
assumed that all the components should be 
included, then "Total A" applies; if it 
is assumed that the driver is fixating 
down the road, then latency and eye 
movement could be deleted and "Total B" 
applies, and if Lt Ls assumed that chere 
is no decision making component but 
latency and er,e movement are included 
then "Total C' applies. In all cases, 
it has been assumed that the driver is 
in an unalerted condition and chat he 
is not expecting co have to stop. 

For most of the upper percentile levels, 
these values are higher than che current 
soecificacion of 2.5 seconds. \.lhile 
higher, they are not unrealistic when 
compared co the perception-brake re• 
action times cited by Mortimer (64) and 
Sivak (65) (see Table 9). However, they 
should not be considered a statistically 

reliable distribution of the dr~ving 
population. ,hey are based an esci~aces. 
assumptions and data from experi~ental 
procedures not truly indicative of actual 
conditions. Furthermore, they are deriv• 
ed from summations of components of che 
process. As discussed previously, chis 
may not be realistic because the human 
is capable of time-sharing sensory, 
information processing and psychomocor 
tasks. 

It is worthwhile noting that recent Cana· 
dian research as reported by Scott (~2) 
reco111111ends the use of a variable ci~e 
value for desirable perception-reac:ion 
time. The desirable time would vary as 
a function of vehicle speed--as speed 
increases, the perception-reaction time 
likewise increases. The Canadian de• 
sirable values range from 2.5 seconds 
at a speed of 25 moh (40km/h) co ).5 
seconds at a speed of 85 mph (!l7 km/h) 
These values were developed from an 
analysis of the theoretical points in 
time ac which various proportions of a 
6 inch (0.15m) object come into view on 
a crest vertical curve. tow and high 
speed curves were investigated and it 
was found that on higher speed curves 
the "viewed" portion of an object grows 
more slowly chan it does on a lower 
speed crest vertical curve. 

Decision Si.ght Distance 

As discussed in Chapter II, Decision 
Sight Distance is a new geometric design 
standard co be included in the revised 
A.ASHTO Manual ( 5). Essentially, che 
standard recognizes that for certain com­
plex highway situations, such as free~ay 
interchanges, coll plazas, lane drops, 
etc. enough sight distance oughc co be pro­
vided so that the driver can detect, and 
recognize the situation, decide on alter­
native courses of action, select che 
appropriate couse, and ?erfor.n che re• 
quired maneuver in a safe and efficient 
manner. !c also assumes th4_c the sicua• 
cion or object to be sighted may be in a 
visually cluttered environment which may 
require longer perception times as well 
as decision times. 

The driver characteristics, therefore, 
is a perception-reaction time but it in­
volves more complex information pro­
cessing and reaction than for stopping 
sight distance. The only driver perfoni­
ance data for this characteristic was 
chat anaiycically developed by HcCee ec 
al. (8) and then empirically validated 
using only 19 test subjects varying in 
age from 16 co 60, both male and female. 
This data became the basis for selecting 
che range of perception-reaction times 
found in the standard. The values ~hich 
represent the total time for detection, 
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TABLE 10--Perception-Brake Reaction Time for 
Various Percentiles of Drivlng Population 

Element 
1. Perception 

a. Latency 
b. Eye Movement 
c. Fixation 
d. Recognition 

2. Decision 
3. Brake Reaction 

Total A (la-d+2+3) 
Total B (lc,d+2+3) 
Total C (la-d+3) 

- 50 

0. 24 
0.09 
0.20 
0.40 
0.50 
0.85 

2.3 
2.0 
1.8 

Percentile 
75 

0.27 

0.09 
0.20 
0.45 
0. 75 
1.11 

2.9 
2.5 
2. 1 
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85 

0.31 
0.09 
0.20 
0. so 
a.as 
1. 24 

of Drivers 
90 

0.33 
0.09 
0.20 
0.55 
0.90 
1.42 

3.5 
3.1 
2.6 

95 

0.35 
0.09 
0.20 
0.60 
0.95 
1.63 

3.8 
3.4 
2.9 

99 

0.45 
0.09 
0.20 
0.65 
1.00 
2. 16 

4.6 
4.1 
3.6 



recognition, decision and response are 
dependent upon speed and range from 
5.7 to 10 seconds. The lower value was 
established as the minimum applicable to 
situations of moderate complexity or 
visual clutter and the upper value as 
desirable for highly complex or visually 
cluttered locations. 

Intersection Sight Distance--Case I and 
tt 

Case I and II intersection sight distance 
enables che driver of a vehicle approach­
ing an uncontrolled intersection to 
determine whether a speed adjustment or 
a complete stop is necessary in order to 
avoid a collision with another vehicle 
(or vehicles) approaching the intersec­
tion on a conflicting leg. 

The perception-reaction process in this 
case is the ability of a driver to per­
ceive a vehicle moving across his/her 
path, judge its trajectory in relation 
to his/her vehicle and then decide wheth­
er some speed adjustment is necessary 
co avoid collision. A literature re­
view did not uncover any studies on how 
long it takes drivers to perform this 
task. In the absence of any empirical 
research estimates of the actual dis­
tributio~ of perception-reaction times 
for the driving population may be based 
on a sum of the times for the components 
of the process determined from the avail­
able literature. 

If one were to model the driver's cask 
for this situation, the following steps 
would likely be considered: 

l. Driver picks up (through periph­
eral vision) an object moving 
towards the intersection. 

2. After a latency period, eye and/ 
or head movement to detect the 
object. 

3. Object is recognized as vehicle. 

4. Opposing vehicle's speed and time 
to reach intersection are esti­
mated. 

5. Decision is made whether decelera­
tion or acceleration is required. 

6. Decided action is initiated. 

7. Vehicle speeds up or slows down 
to avoid collision. 

This is a relatively simple model of the 
driver's action and does not consider 
any overlapping of the discrete seeps. 
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Nonetheless, by assigning time values 
to each of the steps and then summing, 
at least a reasonable upper value can be 
established. 

Table 11 provides the time values for 
the elements of the perception reaction 
time as suggested by the literature. 
The latency and eye movement times are 
from the work of White et al. (58) which 
investigated latencies of eye reaction 
to stimuli located 10, 20, and 40 de­
grees off the visual axis. In this case, 
the values for the stimulus 40 degrees 
off center are appropriate since the 
vehicle in the adjacent leg is likely co 
be first sighted in the far periphery. 
It should be noted that if both vehi­
cles are traveling at the same speed, 
che sight angle is 45 degrees off­
center; if the vehicles are traveling 
at different speeds, the sight angle 
for the driver of the slower vehicle is 
greater than 45 degrees. However, the 
driver is within sight distance of the 
intersection and thus is alerted of 
potential conflicting vehicles and is 
already scanning the conflicting ap­
proach legs. Therefore, the latency/ 
eye movement value for objects 40 
degrees off-center would seem co be a 
reasonable estimate. 

Fixation and ~ecognicion time estimates 
can be assumed co be the same as for 
the stopping sight distance situation. 

The most pertinent data available from 
the literature relative to the decision 
making process is that of Lunenfeld (63) 
which states that 85th percentile driver 
decision times would be as follows for 
both expected and unexpected situations: 

Information 
Content (Bies) 

0 
l 
2 
3 

Decision Time (sec) 
Unexpected Situation 

0 
1.0 
l. 6 • 
2.6 

Using the definitions of the differing 
levels of information content presented 
by Lunenfeld, for the purposes of inter­
section perception reaction time charac­
teristic the decision time is likely to 
fall between 1.0 second and a maximum of 
1.6 seconds. 

The last component is brake reaction. 
The values suggested are those from the 
Johansson and Rumar (54) study under an 
alerted condition. In this case the 
alerted condition values are justified 
since it is assumed chat the driver will 
already be in that condition because of 



TABLE 11 --Perception-Reaction Time for Various 
Percentiles of Driving Population 
Related to Cases I & II, Intersection 
Sight Distance, (Sec.) 

Percentile of Drivers 
Elements 50 75 85 90 95 99 

Latency 0.28 0.33 0.34 0.36 0.39 0.45 

Eye Movement 0. 12 0. 12 0.12 0. 12 0.12 0.12 

Fixation 0. 20 0. 20 0. 20 0.20 0.20 0. 20 

Recognition 0.40 0.45 0. so 0.55 0.60 0.65 

Brake Action 0.63 0.82 0. 92 l. 05 l. 21 l. 60 

TOTAL 2.60 3.20 3.40 3. 70 4.00 4.60 

:he awareness of the intersection and 
·,isual detection of the vehicle. 

The totals (as shown in Table 11) for 
the estimated percentile values range 
from 2.6 seconds for the 50th percentile 
to 4.6 for the 99th percentile. 

Intersection Sight ·Distance--Case III. 
IV. and V 

Case III, IV, and V intersection sight 
distance enables the driver of a stopped 
vehicle on the minor leg of an intersec­
tion to see enough of the major highway 
to either cross the highway or merge into 
the traffic stream safely. 

The driver characteristic perception­
reaction time is defined by AASHTO ( 5 ) 
as "the.time necessary for the vehicle's 
operator to look in both directions on 
the roadway, to perceive that there is 
sufficient time to cross the road safely, 
and to shift gears, if necessary, pre­
paratory to starting. It is the time 
from the driver's first look for possible 
oncoming traffic to the instant the car 
begins to move." 

In order to develop an estimated distri­
bution of driver characteristic values 
for the driving population. it is neces­
sary to divide the driver characteristic 
into a series of steps. Basically the 
steps are: 
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(1) head/eye movement co scan inter-
section, 

(2) fixation/decision, and 

()) reaction (i.e .. move foot from 
brake to accelerator). 

The AASHTO definition of the driver char­
acteristic includes time for the driver 
"to look in both directions on the road­
way," A careful critique of the driver's 
actual required scan movements_reveals 
that only one head movement (not two as 
is called for in the definition) is 
needed in order for the driver to safely 
cross the intersection. No matter how 
many times a driver may scan the two 
intersection approach legs, the critical 
head/eye movements on which the decision 
to proceed or stay is made are the lase 
two. If the driver scans one direction 
(as illustrated in Figure 5) and sees no 
approaching vehicle, the decision would 
be to proceed if a scan of the other 
direction reveals no approaching vehicle 
either. In scenario 2 of Figure 5, the 
driver has performed the two scans and 
has decided to proceed (even though 
another scan to the right would reveal 
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The first scan of the driver of 
ing vehicle ia sighted, Driver 
approaching vehicle is sighted. 
Approaching vehicle had been at 
fir■ t scanning co the left. 

the stopped vehicle is to the left: no approach­
move■ head and scans to the right where an 

Driver decides to not attempt to cross. 
the position denoted c1 when the driver was 

-- _,... .... 
-- Scan 2 -- ... - Scan l - - -1-·01- -r ........ : ..... « .. , --

SCENARIO 2: The first scan of the driver of the stopped vehicle is to the right; the 
approaching vehicle at t

1 
cannot be seen due to the sight obstruction. 

Driver then scans to the left where no approaching vehicle is sighted. Driver 
decides to cross intersection because no vehicles had been sighted in either 
direction. At that point in time, the vehicle approaching from the right is 
at position t

2
• 

FIGURE 5--Case Ill Intersection Sight Distance -- Driver 
of Stopped Vehicle Scanning Approaching Roadways 
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an approaching vehicle). The distance 
which the approaching vehicle travels 
before the stopped vehicle starts across 
the intersection is the former vehicle's 
velocity multiplied by the sum of the 
time it takes for the driver of the stop­
ped .vehicle to move his/her head/eyes 
to the left, to decide to proceed, and 
to move his/her foot co the accelerator. 
Thus, the head/eye movement component of 
the driver characteristic perception­
reaction time should account for a scan 
of only one leg of the intersection. 

No empirical research has successfully 
measured the total perception-reaction 
time for drivers of stopped vehicles for 
the driving population, it is necessary 
to assign values to individual elements 
of perception-reaction time and sum them. 

Robinson (66) timed driver head movements 
at an intersection and found that an 
average scan to one direction (head move­
ment plus fixation plus decision) took 
1.1 seconds. Johansson (67) measured 
brake reaction time for drivers in an 
alerted condition. Brake reaction time 
is appropriate in this application be­
cause accelerator reaction is simple a 
motor movement equal and opposite to 
brake reaction; the driver is in an 
alerted condition due to the intersec­
tion scan. Johansson found values rang­
ing from 0.63 seconds at the 50th per­
centile to 1.21 seconds at the 95th 
percentile. Interestingly, if the 85th 
percentile value of 0.92 seconds is add­
ed to Robinson's 1.1 second described 
above, a total perception-reaction time 
of 2.02 seconds results (only 0.02 sec­
onds higher than the current specifica­
tion). 

The 1965 edition of the Traffic En,ineer­
ing Handbook (91) provides the fol owing 
data as the total time required for a 
driver to scan one leg of an intersec­
tion: 

Shift (head/eye 
movem~nt) 
Fixate on object 

TOTAL 

0. 15 - 0. 33 sec 

0. 10 - 0. 30 sec 

0.25 - 0.63 sec 

The time needed for the driver to decide 
to proceed can be estima~ed in the same 
manner as was done earlier under Sdop­
ping Sight Distance. The estimate 
values range from 0.50 seconds at the 
50th percentile to 0.95 seconds at the 
95th percentile. By summing this deci­
sion time and the head/eye movement time 
with Johansson's reaction time, another 
range of estimated values for perception­
reaction time results--1.38 to 2.79 sec-
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ends. Note that the average of these ewe 
values is 2.08 seconds. If the mid-range 
values for head/eye movement are esti­
mated to be the 85th percentile values, 
the 85th percentile value for the total 
perception-reaction time would be: 

0.24 sec head/eye movement 
0.20 sec fixation 
0.85 sec decision 
0.92 sec reaction 
2.21 sec TOTAL--estimated 85th 

percentile value 

Railroad-Highway Grade Crossing Sight 
Distance--Case I 

Case I Railroad-Highway Grade Crossing 
Sight Distance involves a crossing which 
has no control other than the standard 
cross buck sign. The driver must first 
detect and recognize that a railroad 
crossing is ahead, and that there is no 
active control, then search left and 
right for an approaching train and, if 
one is visible, then must decide whether 
to stop or maintain speed depending 
upon the relative speed and position of 
his/her vehicle and the train. This 
being the case, the perception-reaction 
should be longer than for just stopping 
sight distanc~. 

The literature review did not identify 
any studies that developed data applying 
directly to the perception-reaction time 
for the railroad grade crossing situa­
tion. In the absence of any empirical 
data, reasonable estimates of the per­
ception-reaction time can be made by 
considering the individual elements of 
the process. 

Table 12 shows the time values for the 
individual elements of the perception­
reaction time as suggested by the liter­
ature. The components include: eye 
fixation on the target (i.e., the rail­
road grade crossing itself or the cross­
buck sign), recognition time (to recog­
nize that the crossing has no active 
control), time to search left and right 
for on-coming trains, decision time 
(to decide whether or not to stop), and 
finally brake reaction time (activate 
the brakes if a stop is selected). The 
individual values cam from material pre­
sented earlier. 

The values range from a low of 2.3 sec­
onds for the stimated 50th percentile 
value to a high of 4.2 seconds for the 
95th percentile. The 85th percentile 
value is estimated to be 3.5 seconds, 
one second longer than the 2.5 second 
specification. 



TABLE 12--Estimated Perception-Reaction Times for 
Various Percentiles of Driving Population 
Related to Railroad-Highway Crossings 

Element 

1. Perception of RR X ing 

a. Eye Fixation Y 
b. 

' 1/ 
Recognition -

2. Search Time 2/ for Train -

3. 
1/ Decision -

4. 3/ Brake Reaction -

TOTALS (Rounded) 

,!/from Table 10 

~/from Reference (16) 
l/from Reference (54) 
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Times (seconds) for 
Percentiles of: 

50 85 95 

0.20 0.20 0.20 

0.40 a.so 0.6 

0.50 1.00 1.26 

0.50 0.85 0.95 

0.63 0.92 1.21 

2.3 3.5 4.2 



It should be emphasized that these are 
estimated times, analytically derived 
by adding estimated times for discrete 
elements of a human information detection­
processing-reaction process. Findings 
from empirical studies might find them to 
be conservative or liberal. H~wever, 
they at least provide a range to conduct 
the sensitivity analysis. 

Railroad-Highway Grade Crossing Sight 
Distance--Case II 

Case II Railroad-Highway Grade Crossing 
involves a driver stopped at a crossing 
stop line having sufficient sight dis­
tance to proceed safely through the grade 
crossing. 

The literature search did not identify 
any studies which determined the time 
taken by motorist in searching for trains 
while at a stop. In absence of such data 
values can be derived, as was done with 
other characteristics, by considering 
the components of the process. 

The 1965 edition of the Traffic Engineer­
ing Handbook (91) states that the time 
required for a driver to scan an inter­
section from left to right is as follows: 

shift to right 
fixate on right 

Total scan time 

0.15 - 0.33 sec 
0. 10 - 0. 30 sec 
0.25 - 0.63 sec 

No indication is given as to how what 
percentile of drivers these ranges of 
values might apply.· Added to these com­
ponents should be a time for decision 
and then reaction. The decision com­
ponent is not very complex, merely to 
confirm whether or not a train is there. 
The 0.5 second at the 50th percentile 
and the 0.85 second at the 85th percen­
tile suggested for stopping sight dis­
tance would be appropriate to this situa­
tion. The reaction is to move one's foot 
from the brake to the accelerator. 
Alerted reaction times as measured by 
Johansson (54) are applicable to this 
situation. The above values can be sum­
med to arrive at a range of total per­
ception-reaction time, as follows: 

Scan/Fixate Time 0.25 - o. 63 sec 
Decision 0.50 - 0. 85 sec 
Reaction 0.63 - 0. 92 sec 
Total 1. 38 - 2.40 sec 
Rounded 1.4 - 2.4 

It can not be stated for certainty what 
percentile of drivers these values apply. 

43 

but it would be reasonable for this 
analysis to assume 1.4 seconds is the 
50th percentile and 2.4 seconds the 
85th percentile. 

Passing Sight Distance 

The driver characteristic perception­
reaction time in the AASHTO standard for 
passing sight distance is actually over­
lapped with the acceleration/maneuver 
time prior to encroachment on the passing 
lane. That is to say that while the 
driver is initiating a passing maneuver. 
the driver is both perceiving/reacting 
and accelerating/maneuvering. In com­
bination the driver and vehicle charac­
teristics form a performance characteris­
tic--initial maneuver time. Field 
observations documented by Prisk ( 6 ) 
and Normann (68) prior to 1960 indicate 
that the total time for the initial 
maneuver falls within the 3.6 co 4.5 sec­
ond range. 

In every passing maneuver the passing 
driver reaches a critical position which 
if passed requires the passing driver 
to complete the passing maneuver (rather 
than decelerate and pull behind the 
otherwise passed vehicle) in order to 
avoid an opposing vehicle. 

Since it is at this position that the 
passing driver must decide to complete 
or abort the maneuver, it, therefore. de­
fines the location at which an opposing 
vehicle that would conflict with the 
completion maneuver must be able to be 
perceived. Basically, the driver has 
two options when an opposing vehicle 
appears at the instant the passing vehi­
cle reaches the critical position: co 
complete the passing manuever or to 
decelerate and pull back behind the vehi­
cle chat was to be passed. During the 
time that the driver of the passing 
vehicle is perceiving and initiating 
reaction to an opposing vehicl~. the pass­
ing vehicle continues to travel at the 
passing speed. Therefore, if the driver 
decides to complete the passing maneuver, 
the perception-reaction time does not con­
tribute additional time (or distance) to 
the total time (or distance) needed to 
complete the passing maneuver. However, 
if the passing driver decides to abort 
the passing maneuver, the perception­
reaction time does add to the total time 
and distance needed for the "pass abort" 
maneuver. 

It can be assumed that a driver in the 
"critical position" will require no time 
for perception or decision if an oppos­
ing vehicle appears. With regard to 



reaction, the brake reaction times ob­
served by Johansson and Rumar (S4) for 
drivers in an alerted condition would 
seem the most appropriate. They range 
from a median value of 0.63 seconds to 
an 85th percentile of 0.92 seconds to 
a 9S_th percentile of 1. 21 seconds. 

Vehicle Change/Interval for Traffic Signals 

A 1934 HIT research effort (19) found 
that 9S percent of the sampled drivers 
had brake reaction times of one second 
or less when in an alerted condition. 
Subsequent studies in the early 1960's 
of driver reactions to the amber signal 
by Gazis, Herman, and Haradudin (69) and 
by Olson and Rothery (70) continued the 
use of the 1.0 second specification. 
However, a recent field study by Wortman 
and Matthias (71) observed driver percep­
tion-reaction times that were signifi­
cantly greater than the specification 
values. At all sites in the study, the 
mean observed perception-reaction time 
was greater than 1.0 second. In fact at 
most of the intersections the 85th per­
centile value approached two seconds. 

Experimentally-derived data on driver 
perception-reaction time was discussed 
in detail earlier under Stoppinf Sight 
Distance. Applicable to the ye low 
signal case is the data presented by 
Johansson and Rumar (54) on brake re­
action times for "alerted" subjects. 
The stimulus in the Johansson and Rumar 
study was auditory (not visual) and 
thus could be expected co require little 
if any perception time. Likewise, be­
cause the subjects were instructed to 
perform a particular task upon hearing 
the stimulus, no appreciable decision 
time would be expected. The Johansson 
and Rumar distribution is as follows: 

50th Percentile 
85 th Percentile 
95th Percentile 

"Alerted" !rake 
Reaction Time, sec 

0.63 
0.92 
1. 21 

It should be noted, however, that this 
distribution depicts a pure case of 
brake reaction. That is, the decision 
is made instantaneously upon perceiving 
the circumstances (no decision time) 
and perception of the situation occurs 
simultaneously with the onset of the 
situation (i.e., no perception time). 
Obviously, no driver is able to decide 
to brake the vehicle at the same instant 
the yellow indication starts. Rather, 
the driver muse first detect and/or 
identify that the signal indication has 
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turned yellow and decide whether to con­
tinue through the intersection or to 
stop prior to the intersection. Detec­
tion/identification of a signal phase 
change depends greatly on the amount 
and criticality of other information that 
must be processed. Some other factors 
that compete for a driver's attention in­
clude traffic conditions, approach speed, 
directional uncertainty, and proximity 
to the intersection. (Note: King pro­
vides a thorough discussion of techni­
ques to minimize these distractions in 
Guidelines for Uniformitt in Traffic 
Signal Design Configurat ens (20)). With 
these distractions and other potential 
temporary blockages (e.g., trucks), it 
is quite conceivable that a driver will 
not instantaneously detect a signal 
phase change. 

After the signal phase change is detected, 
the driver must still decide whether to 
continue through the intersection or to 
stop. This decision is more complex 
than the one facing a driver who sights 
an impassable object lying in the road. 
And the "signal phase change" decision 
is.!.!!!. complex than that faced by a 
driver approaching an uncontrolled inter­
section who muse judge relative speeds 
of potentially conflicting vehicles. 
For the decision under discussion here, 
the driver must simply decide if it is 
possible to srop based on the speed of 
the vehicle, distance from the inter­
section, roadway conditions (e.gs., wet 
vs dry; level vs grade), and traffic 
conditions (e.g., is the vehicle ahead 
going to stop?). The same decision time 
distribution presented earlier under 
Stolping Sight Distance can be assumed 
as ollows: 

Decision Time, sec 

50th Percentile 0. 50 
85th Percentile 0.85 
95th Percentile 0.95 

If latency, fixation and recognition 
times are assumed to be zero (i.e., in­
stantaneous recognition of the amber 
signal phase change), the decision-brake 
reaction time estimates become the per­
ception-brake reaction time estimates 
as follows: 

50th Percentile 
85th Percentile 
95th Percentile 

Perception-Brake 
Reaction Time, sec 

1. 13 
1. 77 

2.16 



These empirically-derived values compare 
quite favorably with the observed values 
documented by Wortman and Matthias (71). 
For example, the mean value observed by 
Wortman was 1.30 ie'conds as compared to 
the 1.13 seconds median value-derived 
above. Wortman's average 85th percentile 
value for all study intersections was 1.8 
seconds; the estimate above is 1.77 sec­
onds. 

It should be noted that the estimates 
derived above assume the driver's in­
stantaneous perception and recognition 
of the amber signal phase change. In 
some, if not moat, cases the driver will 
indeed give primary attention to the 
signal when the vehicle approaches and 
passes through the point at which the 
appropriate decision changes from "stop 
if signal changes to yellow" to "proceed 
even if signal changes to yellow". In 
other words, the experienced driver is 
aware of this threshold point and knows 
that it is not critical co focus atten­
tion on the slgnal well before or well 
after this point but that it is critical 
around that distance from theintersec­
tion. In aome cases the driver may not 
be able to focus attention on the signal 
when the vehicle is near the threshold 
point due to other factors such as traf­
fic congestion. In these instances, the 
driver does not instantaneously perceive 
and recognize the amber signal phase 
change. This lag time actually would be 
added co the perception-brake reaction 
time estimates derived above. 

Ade1uate Gap Time for School Crossing 
Tra flc Signal Warrant 

The pedestrian perception-reaction time 
is defined in the ITE reco111Dended prac­
tice, A Pro,ram for School Crossing 
Protection 18), as "the number of sec­
onds requlred for a child to look both 
ways, make a decision, and co111Dence to 
walk across the street". It is assumed 
to include attention/fixation time, per­
ception time, and response time for the 
decision makin1 process on whether or 
not to cross a street. Abram.a and Smith 
(72) observed five different intersec­
tions for a total of 17 hours. They 
observed a ran1e of average perception­
reaction times from 0.61 to 2.53 seconds; 
the observed mean and median values were 
1.31 and 1.18 seconds, respectively. 
It should be noted that the estimated 
85th percentile value for driver percep­
tion-reaction time while stopped at an 
unsignalized intersection was estimated 
as 2.21 seconds, roughly comparable to 
the Abrams and Smith data. Several words 
of caution about these estimates, how­
ever, are necessary. First, the Abrams 
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and Smith study examined pedestrian 
perception-reaction time at signalized 
intersections, and that was perception 
of and reaction to pedestrian WALK/ 
DON'T WALK signals. The task facing 
a pedestrian at an unsignalized inter­
section is significantly more complex. 

The second caution is that the data pre­
sented above (both the field data and 
the laboratory data used for intersec­
tion estimates) is strictly based on 
measurements of the adult population. 
Without any data to support this claim, 
it is nevertheless a reasonable assump­
tion that a "safe" value for a child's 
perception-reaction time should exceed 
that for an adult. Therefore, the cur­
rent specification value of 3.0 seconds 
appears to be a realistic estimate. 

INFORMATION PROCESSING CAPACITY 

In most driving task models (e.g., Forbes 
(73), Shinar (74)) the driver is con­
ceived as a processor of information 
received through his sensing skills. The 
driver detects various inputs throu1h 
his sensing skills, organizes and inter­
prets these as recognizable objects, 
events, situations, etc., weighs alter­
native actions and then makes a decision 
leading to a vehicle response, if neces­
sary. The prqcess of sensing-perceptior.­
decision-making can be considered col­
lectively as information processing and 
it ia generally held that there is a 
capacity limitation for each driver. 

Dewar (75) talks of channel capacity as 
the upper limit of a person's ability 
to process information coming into the 
nervous system. King and Lunenfeld (76) 
in their discussion of channel capacity 
cite Miller's (77) definition as the 
asymptotic value where an increase in the 
input of quantity of information yields 
no increase in the transmitted quantity 
of error-free information. 

Since the driver is continuously pro­
cessing information during this travel; 
it is a driver characteristic inherent 
in many aspects of highway design and 
traffic operations. However, it has 
particular relevance in the design of 
sign information systems since the motor­
ist has a limit as to how much sign 
copy he can read, comprehend, and make 
decisions on. This driver characteristic 
is acknowledged, at least indirectly, in 
the standards for design of guide sign 
legend. 

The Mtn'CD in Section 2E-9 specifies that 
directional copy on a guide sign should 
not exceed three lines and that there 



should not be more than three signs each 
with one destination on one support. The 
MlITCD explicitly states that " ... three 
destinations and the directional copy 
are as much as most drivers can compre­
hend readily at high speed." • 

The-support for this maximum of three 
pieces of information seems to be based 
on the early work of Mitchell and Forbes 
who wrote in 1942 (37) regarding the 
design of letter sizes: 

''Minimum Reading Time and Safety 
Factor.--The shortest possible glance 
from the road to read the sign and 
back to the road consumes from 0.6 
to 1.0 seconds. During this glance 
the maximum amount of copy which can 
be read by the ordinary person is 
from three to four familiar words. 
This time value results from the fact 
that it takes approximately 0.2 sec­
onds for the eye to stop, focus and 
read, and another 0.2 seconds for the 
eye to start and move through one of 
the 5 degree of 10 degree jumps. To 
be conservative, therefore, 1.0 sec­
onds is adopted as the time necessary 
for a single minimum glance from road 
to sign and back to the road, allowing 
the shortest possible glance at both 
the road and the sign. 

If more than three familiar words are 
included in the copy, it has been 
shown that the time for reading the 
sign may be increased to as much as 
from 3 to 11 seconds, and such signs, 
therefore, are impracticable on high­
speed highways. Where they are un­
avoidable the reading time should be 
increased by one second for each addi­
tional three or four familiar words, 
thus making allowance for the driver 
to glance back to the road between 
glances at the sign. 

It is still necessary to add a time 
interval as a safety factor in case 
the sign is not ■een at once. The 
smal~est possible safety factor is 
one 1-second glance; that is, the 
minimum reading time ia 2 t , in which 
tf is the time required forga single 
g ance or 1.0 second and when signs 
contain the minimum number of words. 
When the sign contains more than three 
words: 

tg • ~ + 1.0 

in which N equals the number of famil­
iar words on the sign. If the atten­
tion or target value has been prop­
erly designed into the sign, the 
motorist will have seen it before he 
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is able to read it, and Eq. 3, with 
2 seconds as an absolute minimum 
will guarantee him time to read the 
sign twice unless something distracts 
him or obstructs his vision." 

This limit of three to four familiar 
words appears to have been accepted and 
included in the current design standards. 
While there has been considerable re­
search in other aspects of sign design 
(e.g., reading time, legibility dis­
tances, etc.), the literature review did 
not identify any other research that pro­
vided data on maximum amount of informa­
tion that can be included on a sign(s) 
based on the limitations of driver infor­
mation processing capacity. 

PEDESTRIAN WALKING SPEED 

Pedestrian walking speed in roadway 
crossing applications can be defined as 
the distance travelled by the pedestrian 
(e.g., curb-to-curb) divided by the time 
elapsed between the decision to proceed 
across the roadway and the arrival at 
the destination point (e.g., far curb). 

Components of Characteristic 

The process which a pedestrian undergoes 
in crossing a roadway can be divided into 
two distinct components: sidewalk queue 
time and walking time. Once a pedestrian 
has perceived that it is safe and legal 
to cross the street, the pedestrian must 
move from the original observation point 
to the street itself. In most cases, the 
pedestrian has stood at the curb of the 
street prior to crossing the street and 
the time taken to leave the curb is neg­
ligible. However, in instances where 
large pedestrian volumes are present, 
pedestrians will form a queue at the 
curb and thus the pedestrian must also 
traverse part of the sidewalk prior to 
leaving the curb. This amount of time 
taken for this maneuver is a function of 
both the number of pedestrian~·present 
(and thus the density) and the in-motion 
walking speed of pedestrians in advance 
of the other pedestrians. Heans of 
accammodating this queuing problem are 
cited in a report by Abrams and Smith 
(72). 

The second component of a pedestrian street 
crossing is the actual walking time between 
the curb and the destination point. Sev­
eral studies have been conducted to meas­
ure this walking speed. As Institute of 
Transportation Engineers Technical Com­
mittee report (78) estimated a mean walk­
ing speed for street crossing to be 3.7 fps 
(1.13 m/s). A study by Hoel (79) estimated 
a mean speed of 4.72 fps (1.44 m/s). In 



1968 Weiner (80) estimated a mean speed 
of 4.22 fps (l.29m/s) and a 1967 Swedish 
study by Sjostedt (81) estimated a mean 
speed of 4.5 fps (l.4m/s). The wide 
disparity between these four estimated 
mean values is indicative of the com­
plexity of the walking speed component 
Walking speed is a function of a variety 
of factors including pedestrian density, 
age or other impairment of the pedes­
trian, sex of the pedestrian, street 
width, and trip purpose. 

Factors Affecting Walking Speed 

Pedestrian Density--In general, walking 
speeds decrease as pedestrian density 
increases. Hoel estimated 10 percent of 
individual, unconstrained pedestrain 
crossings to have walking speeds less 
than 4.0 fps (1.2 m/s). Abrams and 
Smith took Hoel's relationship and fac­
tored into it the constraint of increased 
pedestrian volumes to develop a direct 
mathematical formula which they then 
validated with field counts. 'nlis form­
ula estimates that an intersection with 
a 2-way pedestrian volume of 10 per cycle 
will result in 33 percent of the signal 
cycles having pedestrian platoons with 
walking speeds le88 than 4. 0 fps 0.. 2 m/s). 
For 20 pedestrians per cycle, the per­
centage rises to 57; and for 30 pedes­
trians per cycle, the percentage exceeds 
BO. Weiner made the observation that 
even in an 1.mconstrained condition, walk­
ing speeds tend to decrease for pedes­
trians accompanying other pedestrians. 
The Weiner research indicates that aver­
age male walking speeds drop from 4.22 
fps (1.29 m/s) when walking alone to 
3.83 fps (1.17 m/s) when not alone, for 
females the drop is from 3.70 fps to 
3.63 fps (1.13 m/s to 1.11 m/s). 

Age of Pedestrian--The distribution of a 
pedestrian platoon's walking speeds 
fluctuate as a function of the platoon's 
age distribution. Sleight (82) developed 
a cumulative walking speed distribution 
for three distinct age groups: the 
elderly,_adulta, and children. Sleight 
found that in 1.mconstrained movement, 
the average adult and the elderly 

·crossed the street at approximately 4.5 
fps (1.4 m/s) and that the average child 
crossed at 5.3 fps (1.6 m/s). 

Sex of Pedestrian--ITE Committee S-R re­
ported an average street crossing speed 
for males at 3.8 fps (1.2 m/s) and for 
females at 3.3 fps (1.0 m/s). As cited 
above, Weiner reported average speeds of 
4.22 fps (1.29 m/s) for males and 3.70 
fps (1.13 m/s) for females. Each report 
estimates chat female walking speeds are 
12-13 percent less than for males. 
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Street Width--Street width affects the 
walking speed of a pedestrian. Bruce 
(83) observed that walking speeds will 
vary as a function of the street width 
(i.e., as street width increased, walk­
ing speed likewise increases). The 
Bruce data counted a range of average 
speeds from 4.8 fps (1.5 m/s) for a 132 
foot (40/m) street to 4.1 fps (1.2 m/s) 
for a 60 foot (18 m) street to 3.6 fps 
(1.1 m/s) for a 42 foot (13 m) street. 

Trip Purpose--Pushkarev (84) assembled 
data in the book Urban Space for Ped­
estrians which describes the effect of 
trip purpose on walking speeds. For 
instance, walking speeds for ~o=ters 
are typically greater than for any other 
type of pedestrian. Students and shop­
pers generally walk slightly slower 
(except at very low densities, when stu­
dent walking speeds increase signifi­
cantly). 

The distribution of walking speeds found 
at any intersection is tied directly to 
each of the above five factors--pedes­
trian density, age or other physical 
impairments of the pedestrians, sex 
distribution of the pedestrians, street 
width, and the trip purposes of the pe­
destrians. 

Intersection walking speed distributions 
are completely site-dependent. Perhaps 
the only way to adequately portray these 
distributions is to present ranges of 
values for the 50th, 85th, and 95th per­
centiles. These ranges will be developed 
from three intersection scenarios: heavy 
elderly concentration with no pedestrian 
density constraints; "average" CBD dis­
tribution by age group and no pedestrian 
density constraints; and "average" dis­
tribution constrained by heavy pedestrian 
volumes. 

• A high concentration of elderly 
pedestrians, according to Sleight 
(82) would yield a walking speed 
distribution as follows: 

Percentile 
so 
85 
95 

Speed 
fp;s ili 
4.S 1.22 
3.4 1.04 
3.0 0.91 

• Based on statistics reported by 
Bruce ( 83) , an "average" CBD dis­
tribution of walking speeds un­
contrained by pedestrian densities 
would be as follows: 



Percentile 

50 
85 

95 

Speed 
fps m/s 
4.2 1.28 

3.6 1.10 

3.1 0 .. 94 

• Based on Abrams and Smith (72) 
field studies dealing with con­
gested intersections, the follow­
ing distribution appears to be 
realistic: 

Percentile 

50 
85 

95 

Speed 
fps m/s 
3.9 1.19 
3.4 1.04 

3.0 0.91 

Thus, in general, the distribution of 
walking speeds at intersections falls 
within the following ranges: 

50th percentile is 3.9-4.5 fps 
( 1. 2 - 1. 4 m/ s ) 

85th percentile is 3.4-3.6 fps 
(l. 0-1.1 m/s) 

95th percentile is 3.0-3.1 fps 
(0.91-0.14 m/s). 
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IV. SENSITIVITY ANALYSIS AND 
CRITIQUE OF SPECIFICATION 

Having discussed the relevant geometric 
design and traffic operations s~andards, 
and identified the current specifications 
and range of values for the relevant 
driver and pedestrian characteristics, 
this chapter will: 

• present the results of the sensi­
tivity analysis which identifies 
those standards that are sensitive 
to a change in the characteristic 
specification; 

• indicate, where possible, what .per­
cent of the driving or pedestrian 
population is being excluded by 
the current specification and 
what might be the impact of this 
exclusion; and 

• critique the current specification 
in light of what is now known about 
the characteristic and how it 
affects the standard. 

The sensitivity analyses which follow 
employ the basic approach of determining 
the change in the standard value which 
corresponds to a specified change in the 
driver characteristic value. In its 
simplest form, the sensitivity is the 
ratio, 

Unit Change in Standard 
Unit Change in Driver Characteristic. 

In certain circ1.1111stances, a better un­
derstanding of the relationship between 
the standard and the driver characteris­
tic can be presented by calculating the 
ratio. 

or 

Percent Chanse in Standard 
Unit Change in Driver Characteristic 

Percent Change in Standard 
Percent Change in Driver 

Cha·racteristic. 

In all of the sensitivity analyses, the 
base from which these sensitivity analy­
ses are calculated is the current speci­
fication value for the driver character­
istic. A unit change from the specifi­
cation is chosen (e.g., l second) and 
the resultant driver characteristic 
value is used to calculate a revised 
standard value, or in equation form the 
sensitivity is 

Standard2 - Standard1 
Driver Charac2 - Driver Charac1 
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This computation yields a value for the 
incremental sensitivity of the standard 
to the driver characteristic. For some 
standards, those involving exponential 
or trigonometric functions in the 
standard formulation, the sensitivity 
changes as the driver characteristic 
values change even if the unit change in 
the driver characteristic is held con­
stant. In other words, the instantaneous 
sensitivity rate is a function of the 
driver characteristic value and does not 
equal the incremental rate. The in­
stantaneous rate is computed by taking 
the partial derivative of the standard 
formulation with respect to the driver 
characteristic. 

For several standards, the population 
distribution for the driver characteris­
tic remains somewhat in doubt, as docu­
mented in Chapter III. For these stan­
dards, the sensitivity analysis involves 
varying the standard values by certain 
percentages (e.g., 5, 10, 20 percent) 
and computing the required change in the 
driver characteristic to accommodate 
these variations. In that way, the 
analysis shows if a significant change 
in the standard requires only a small 
change in the driv~r characteristic. 
Or conversely, if a significant change 
in the driver characteristic yields only 
a small change in the standard. 

STOPPING SIGHT DISTANCE 

Sensitivity Analysis 

Stopping sight distance is determined 
from equation (1). The instantaneous 
and incremental-change in stopping sight 
distance (SSD) with respect to an in­
stantaneous (or incremental) percentage 
change in the driver characteristic, 
perception-brake reaction time (P), can 
be expressed as follows: 

'J (SSD) sso 1.47 PV z·­
L47 PV + _v.......,.....,.. 

JQ(f+g) 

Application of equation (26) for both 
minim1.1111 and desirable stopping sigh dis­
tances yields the "sensitivity indices" 
which are plotted in Figure 6. At the 
design speed of 30 mph (48 km/h) where 
there is no grade, a one percent change 
in the perception-brake reaction time 
will yield a 0.580 percent change and a 
O.S63 percent change in the minimum and 
desirable stopping sight distances, 
respectively. This percent change de­
creases with increasing design speed. 
Another observation is that the minimum 
values are more sensitive to a change in 
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FIGURE 6 --Sensitivity Indices Related to Design 
Speeds for Minimum and Desirable 
Stopping Sight Distance 
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the perception-brake reaction time 
than are the desirable values because 
of the shorter brakin$ distances 
associated with the mLnimum values. 

Longer stopping sight distances are re­
qu~red on downgrades (because of the 
longer braking distances); therefore, 
an increase in the perception-brake re­
action time would have less effect than 
on level grade. Conversely, for up­
grades, less stopping sight distance is 
required and, therefore, the perception­
brake reaction component has more affect 
on the overall stopping sight distance. 
Consequently, stopping sight distance 
is more sensitive to an increase in 
perception-brake reaction time for up­
grades. 

Referring back to Table 10, several 
values of perception-brake reaction time 
were suggested based on the literature 
synthesis. The values of 2.3, 2.8 and 
3.2 seconds, which are the 85th percent­
ile values for each of the three dif­
ferent assumptions, will be used for the 
sensitivity analysis. These values were 
selected because they at least provide 
a reasonable range of values that brack­
et the 2.5 second specification. 

Table 13 displays the new minimum and 
desirable stopping sight distances and 
the percent changes from the current 
calculated stopping sight distances for 
the three values of perception-brake 
reaction time. 

If 3.2 seconds was. to be used as the 
specification value for perception-brake 
reaction time then the calculated 
minimum stopping sight distance would 
be nearly 16 percent higher than the 
current value at 30 mph (48 km/h) and 
nearly 10 percent higher at 70 mph 
(113 km/h). The 3.2 seconds represents 
the estimated 85th percentile value of 
driver perception-brake reaction time 
under the worst case assumption, i.e., 
the driver is not fixating down the 
travel lane and requires some decision 
time before activating the brake. 

The question as to whether or not stop­
ping sight-distance is sensitive to a 
change in the specification for the 
perception-brake reaction time can not 
be answered simply. About all that 
can be said is that a change in the 
perception-brake reaction time results 
in a measurable change in the stopping 
sight distance becoming less signifi­
cant as design speeds increase. This 
finding raises the question as to 
whether or not perception-brake reaction 
time varies with speed. The brake re-
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action time probably doesn't, but it is 
possible that the perception-decision 
component might vary with speed. Hy­
potheses could be rationalized for 
either increasing or decreasing time 
with changes in speed. The literature 
does not provide much evidence for 
either case. 

Exclusion Analysis 

The current specification for perception­
brake reaction time is 2.5 seconds. It 
apparently does not represent any speci­
fic percentile value of the driving popu­
lation but was considered by AASHTO (1) 
to be "large enough to include the time 
taken by nearly all drivers under most 
highway conditions". Based on the avail­
able literature on perception and brake 
reaction time, it could be argued that 
the 2.5 seconds may not be adequate to 
compensate for "nearly all drivers". As 
shown previously in Table 10, a conserva­
tive assumption, the driver is looking 
down the travel lane still yields an 
estimated 85th percentile value of 2.8 
seconds for perception-brake reaction 
time. The current specification of 2.5 
seconds would accommodate an estimated 
75 percent of the driving population 
under this assumption. 

All of the percentile values in Table 10 
are to be considered estimates. They 
were determined by adding values, in some 
instances estimates themselves, of dis­
crete components of the perception-brake 
reaction time. It can not be stated with 
certainty that these values do represent 
the true distribution of the driving 
public, as they were based on relatively 
small sample sizes and less than actual 
driving conditions. 

Perception-brake reaction varies among 
the driving population and varies for 
any one driver depending upon the situa­
tion. Consequently it is difficult co 
state categorically that a cerrain per­
centage of drivers are being excluded 
with the 2.S second specification. It 
can be safely assumed that the current 
specification does not accommodate all 
drivers for all situations. Our esti­
mate is that about 25 percent of the 
drivers may be excluded at some time by 
adoption of the 2.S second specification. 
It can not be stated what group of 
drivers are being excluded but the elder­
ly, with their slower reaction times, are 
likely predominant in the excluded group. 
Whether or not the excluded group com­
pensates in any way by reducing travel 
speed is unknown and should not be 
assumed without evidence. 



Design 
Speed 

mph 

30 

40 

50 

60 

70 

TABLE 13--Stopping Sight Distances and Percent Change 
from Current Computed Distances for Three 
Values of Brake Reaction Time 

Assumed 
Speed 

mph 

Perception-Brake Reaction Time (sec) 
f 2.3 2.8 3.2 

min des min des min des 

28 0.35 

36 0.32 

44 0.30 

52 0.29 

58 0.28 

The SI (metric) conversions are 1 mph= 1.61 km/h and 1 ft= 0.3 m. 
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Equally undeterminable is what effect 
takes place by not designing for those 
motorists with perception-brake reaction 
time longer than 2.5 seconds. Logic 
would lead to the conclusion that those 
excluded motorists would be 1110re suscep­
ti~le to accidents involving stopping 
situations and limited sight distance. 
A longer time to perceive and react to 
a stopping situation leaves a shorter 
distance for braking. 

Unfortunately not very much is known 
regarding the relationship of sight dis­
tance and accidents except that, in 
general, the greater the minimum sight 
distance the safer the highway becomes. 
A 1975 study by Gupta and Jain (85) 
attempted to relate accidents to road­
way width, horizontal curvature, verti­
cal clearance and sight distance re­
strictions. They found that only 5 
percent of the variation in accident 
rate was explained by these variables. 
Other similar studies have not been 
successful in isolating the relation­
ship of sight distance to accidents. 
Without such a relationship it cannot 
be determined what the effect would be 
on safety if a longer minimum sight dis­
tance were adopted as a result of a 
higher driver perception-brake reaction 
time specification value. 

Critique of Specification 

The current 2.5 second specification for 
perception-brake reaction time has been 
used for stopping sight distance for 
many years. It has been argued that 
this value is too low by others (Glen­
non, (86)) and estimates of the charac­
teristic developed for this study can 
support this claim. It is estimated 
that the 2.5 seconds may be applicable 
to only 75-85 percent of the driving 
population. On the other hand, there 
is no strong evidence that the current 
minimum and desirable stopping sight 
distances, which are based on 2.5 sec­
onds, are inadequate or at least un­
acceptable on the ground of safety. 
As stated before, studies of accidents 
related co sight distance restrictions 
have not shown any strong correlations. 

There would appear to be no justifica­
tion for lowering the 2.5 second speci­
fication. Most of the estimates for 
perception-brake reaction time (see 
Table 11) are indeed higher than the 
current specification. Any lowering of 
the specification would place more 
drivers in situations where they would 
not have enough time to perceive and 
react to a stopping situation. There 
might be justification, however, for 
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increasing the specification if the 
values estimated here are considered 
reliable. (It. should be noted here 
that the concept of decision sight dis­
tance essentially does this by providing 
longer premaneuver times). However, 
before this is considered, further em­
pirical research is needed to derive a 
more reliable distribution of percep­
tion-brake reaction time for the driving 
population. This research would require 
both laboratory and field studies on 
large samples of the driving public. 
The test procedures should be developed 
so that the reaction times for the un­
alerted driver could be measured. 

PASSING SIGHI' DISTANCE 

Sensitivity Analysis 

As noted previously, it is difficult to 
isolate the driver characteristic in the 
AASHTO standards for passing sight dis­
tance. Nevertheless, it might be useful 
to evaluate the sensitivity of the AASHI'O 
design standards to changes in what is 
termed the reaction time distance, d1 
which is expressed by equation (2). The 
distance d1 is added to distances d2, d3, 
and d4 co arrive at the design sight 
distance value. 

Table 14 list~ the total computed sight 
distance values for varying values of 
initial meneuver time for two speed groups. 
For instance, for the 30-40 mph (48-64 km/h) 
speed group, a 50 percent increase in 
initial maneuver time over the current 
specification yields only a 7.9 percent 
increase in total computed passing sight 
distance. The effect of a SO percent 
increase ranges between a 7.9 and 8.4 
percent increase. These relatively low 
yields from substantial changes in the 
specification value would indicate that 
the AASHTO standard for passing sight 
distance is relatively insensitive to 
changes in the initial maneuver time 
(which, in turn, is indirect ty•-a func-
tion of the driver characteristic, . 
perception-reaction time). 

Exclusion Analysis 

The driver characteristic perception­
reaction time is cited by AASHTO as being 
an element of the sight distance standard. 
However a driver at the beginning of the 
passing maneuver is not provided sufficient 
sight distance to be assured of a safely 
completed pass. Rather, the driver is 
not assured of a safe pass until the 
"critical position" is reached and no 
opposing vehicle is si~hted. Therefore, 
variations in a drivers perception-reaction 
time will not affect the driver's ability 



TABLE 14--Effect of Changes in Initial Maneuver 
Time Necessary for Passing Sight Dis Cance 

Percent Change in COMPUTED SIGHT DISTANCE, ft 
Initial Maneuver (Percent Change in Si5ht Distance) 
Time SPEED GROUP 

30-40 mph 60-70 mph 

-50% 962 ft (-7. 3%) 2190 ft (-7. 9%) 

-40 977 (-5. 9%) 2227 (-6. 3%) 

-30 992 (-4.4%) 2264 (-4.8%) 

-20 1007 (-3.0%) 2302 (-3. 2%} 

-10 1022 (-1.5%) 2340 (-1. 6%) 

- 5 1030 (-0.8%) 2360 (-0.8%) 

0 1038 ( 0 ) 2378 ( 0 ) 

5 1046 (0.8%) 2397 (0.8%) 

10 1054 (1.5%) 2417 (l. 6%) 

20 1070 (3.1%) 2457 (3.3%) 

30 1086 (4. 6%) 2497 (5. 0%) 

40 1103 (6.3%) 2537 (6.7%) 

50 1120 (7. 9%) 2578 (8.4%) 

Notes:l)Values are computed based on the AASHTO formulation and specifications: 
·and assumes that the "v-m" value equals 10 mph (16 kph). 

2)Values shown for a zero percent change may be different from the AASHTO 
design standards due to rounding, 

))Percentages are computed from the calculated values. 
4)The SI (metric) conversions are l mph - 1.61 km/h and l ft~ 0.3 m, 
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to safely initiate and complete a pass­
ing maneuver. One possible_excepc~on to 
this statement must be ment1oned--1n the 
case of marking the beginning of a pass­
ing zone, a driver with a short percep­
tion-reaction time will be capable of 
ini.tiating the "pass-or-no-pass" deci­
sion process earlier in the passing 
zone than the driver with a slower per­
ception-reaction time. Nevertheless, 
once this decision process is initiated, 
the "slow" and "fast" driver are on 
equal footing. Therefore, no drivers 
are treated unequally by the current 
passing sight distance standards be­
cause of their particular driver charac­
teristics. 

At the "critical position", the driver 
has cwo options: to complete the pass­
ing maneuver or to decelerate and pull 
back behind the vehicle that was to be 
passed. During the time that the 
driver of the passing vehicle is per­
ceiving and initiating reaction to an 
opposing vehicle, the passing vehicle 
might continue to travel at the passing 
speed. Therefore, if the driver decides 
to complete the passing maneuver, the 
perception-reaction time does not con­
tribute additional time (or distance) co 
the total time (or distance) needed to 
complete the passing maneuver. However, 
if the passing driver decides to abort 
the passing maneuver, the perception­
reaction time does add to the total 
time and distanceneeded for the "pass 
abort" maneuver. Therefore, drivers 
with slower perception-reaction time 
might be excluded .by the current AASHrO 
standard from executing a passing maneu­
ver in the prescribed, safe manner. 
Instead these drivers muse either ac­
celerate to pass the slower vehicle 
at a greater than 10 mph (16km/h) 
differential, reduce the clearance 
between the passing and passed vehicle 
or between the passing and opposing 
vehicle, or abort potential pass com­
pletions more often than drivers with 
lower perception-reaction times. 

Critique of Specification 

The current specification value for the 
initial maneuver time is based on field 
obse·rvations and so is generally repre­
sentative of the driving population. 
The primary fault o~ the field data used 
to develop the current specification is 
that it may now be outdated. The most 
recent appropriate passing data was 
collected by ~eaver and Glennon (87) and 
reported in 1971. The AASHTO standard 
is based on data documented by Prisk ( 6) 
and Norman (68) prior to 1960. 
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DECISIO~ SIGHT DISTANCE 

Sensitivity Analysis 

Decision sight distance is expressed by 
equation (4). The instantaneous and in­
crem~i.tal percentage change in decision 
sight distance with respect to an instan­
taneous (or incremental) percentage change 
in the driver characteristic, pre-maneuver 
time (which equals the sum of detection, 
recognition, decision, and response ini­
tiation time), is expressed as follows: 

where: DSD • decision sight distance 
ft (m) 

tdc • pre-maneuver time, sec 

c1 a detection time, sec 

t 2 • recognition time, sec 

c3 • decision time, sec 

c4 • response time, sec 

t 5 = maneuver time, sec 

Application of formula (27) results in 
the sensitivity indices as shown in 
Table 15. For each design speed two values 
are shown, a low value which is based on 
the low end of the recommended range of the 
pre-maneuver times and a high value which 
is based on the high end of the range. 

TABLE 15--Sensitivity Indices for 
Decision Sight Distance 
with Respect to Change 
in Driver Characteristic 
Specification 

Design Speed 
km/h 

30 48 

40 64 
so 80 
60 97 
70 113 

7. 6 in DSD With 
l'!. ~ in tdc 

0.56 0.68 
0.56 0.68 
0.56 0.68 
0.60 0.69 
0.63 0. 72 

The SI (metric) conversion is 
1 mph• 1.61 km/h. 



These index values indicate that decision 
sight distance is sensitive to a change 
in che collective detection-recognition­
decision-response driver characteristic. 
If, for example, the driver characteristic 
specification of 6. 7 seconds (the low 
value for design speed of 60 mph (113km/h) 
was ·changed by !10 percent (0.67 sec) the 
resulting decision sight distance value 
would change _!6.0 percent. For the high 
value at the same speed the change would 
be 6.9 percent. 

Exclusion Analysis 

The values used for the detection­
recognition-decision-response driver char­
acteristic do not relate to any specific 
percentile of the driving population. 
However, it is likely that they apply to 
a: least the 85th or even higher percent­
ile, given the way they were developed. 
Initially they were estimated by summing 
the mean or higher values for the dis­
crece components of the process. This 
procedure likely results in a conserva­
cive value, since it assumes chat there 
is no time sharing of the four tasks, 
which does occur. Subsequently they were 
"validated" by a field experiment using 
test subjects. While the sample of 
drivers was very small (n=l9) it did in-
7lude a full range of age. Consequently, 
lt can be reasonably assumed that very 
few motorists are excluded by the values 
used for driver characteristic specifi­
cation. 

Critique of Specification 

There appears to be· no reason to modify 
the driver characteristic values used 
for decision sight distance, especially 
since the low-high ranges suggested re­
sult in a wide range of distances. In­
creasing the specifications would result 
in a overly conservative standard. Pro­
viding sight discances "more than enough" 
for the task does not necessarily make 
it a safer or more efficient design. Ic 
has been observed that motorists will 
oftentimes not take advantage of the 
e~tra sight distance. For example, they 
w1.ll change lanes or exit "at the last 
moment" even though they could see the 
need for it a long distance away. 

What is suggested for this standard are 
better guidelines for the use of decision 
sight distance and specifically what 
values between the recommended limits 
are appropriate for various conditions. 
Since the low-high range is based on 
ranges of the driver characteristics, 
further research may be warranted to 
define these values more precisely. 

It:TERSECTION SIGHT DISTANCE - CASE I 
ENABLING VEHICLES to ADJ~ST SPEED 

Sensitivity Analysis 

The necessary distance from an intersec­
tion (which a vehicle must be in order 
for the driver to safely sight an ap­
proaching vehicle) is a function of the 
velocity of the driver's vehicle and of 
the driver's perception-reaction time as 
expressed by equation (5). Thus for each 
incremental change in tne design value 
for perception-reaction time, there is a 
corresponding incremental unit change in 
the necessary intersection sight distance. 
The formulation is as follows: 

1. 47 (V) (..!_8) 

This sensitivity varies from a rate of 
29.3 feet per second change in PRT 
(46.9 m/s) at a design velocity of 20 
mph (32 km/h) to a rate of 103 feet per 
second (164 m/s) at a design velocity of 
70 mph (113 km/h). The Yercentage change 
(rather than unit change in the neces­
sary intersection sight distance per unit 
change in perception-reaction time is com­
puted using the following formula: 

% 6. in D 
6,t 

1 
~ ti: 

illitial perception-reaction 
time, sec 

At the specification for perception­
reaction time, 3.0 seconds, the instan­
taneous percentage change in necessary 
sight distance per one second change in 
perception-reaction time is 33.3 percent/ 
second. 

To take this type of analysis ~ne step 
further, the percentage change in neces­
sary sight distance per one percent change 
in perception-reaction time isl; in ocher 
words, necessary sight distance and percep­
tion-reaction time vary at the_same per­
centage rate. For example, an increase in 
perception-reaction time from the specifi­
cation of 3.0 seconds to the estimated 
85th percentile value of 3.4 seconds, an 
increase of 13.3 percent, would increase 
the calculated necessary sight distanc~ 
by a corresponding 13.3 percent. 

The fonnulation for Case I Intersection 
Sight Distance provides the driver of a 
vehicle time to perceive and recognize 
the approaching vehicle, to decide what 
type of evasive action (if any) is neces­
sary, and to move his/her foot to either 
the accelerator or brake pedal. The for­
mulation does not provide any time for 
the evasive action to be taken. In other 
words, the vehicles collide at the inter-
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section before either driver has had time 
to change the vehi~le sp!ed. Obviously. 
a more desirable sight distance would 
allow the drivers of the vehicles to be 
able to cake adequate evasive action. 
Considering this concept, a proposed 
fonnulation is as follows: 

WVA dW2 
DA a l.47VAP + -v - •"'---~ B i. ':IJV8z 

(_3 .Q) 

where: minimum intersection sight 
distance for vehicle A, 
ft (m) 

VA a design speed for vehicle A, 
mph (km/h) 

P • perception-reaction time, 
sec 

width or roadway on which 
vehicle A is traveling, ft 
ft (m) 

design speed for vehicle B, 
the conflicting vehicle, 
mph (km/h) 

d • deceleration race of vehicle 
A, mphps (km/h/s) 

Table 16 lists the minimum allowable in­
tersection sight distances for inter­
sections with various approach speeds, as 
computed with the formula presented 
above. Each of the values, as expected, 
exceeds the AASHTO design standard for 
Case I Intersection Sight Distance. For 
each design speed, the minimum allowable 
sight distance decreases as the approach 
speed of the "conflicting" vehicle in­
creases. In other terms, as the speed 
of the conflicting vehicle increases, 
chat vehicle passes through the inter­
section faster and thus the design 
vehicle does not need to decelerate for 
as long a period of time nor for as great 
a distance. It should also be noted 
from Table 16 that an increase in per­
ception-reaction time from the specif~­
cacion value, 3.0 seconds, to the esti­
mated 85th percentile value, ~-4 secon~s. 
results in over a 10 percent increase in 
calculated minimum intersection sight 
distance. 

Figure 7 illustrates the effect of 
providing the AASHTO (5) Cas~ ~ Inter­
section Sight Distances on minimum allow­
able perception-reaction time. Based on 
the proposed formulation described above, 
all values are below the specification 
value of 3.0 seconds and well below the 

estimated 
seconds. 
as low as 
seconds. 

85th percentile value of 3.4 
The computed values range from 
2. 19 seconds to as high as 2.85 

Exclusion Analysis 

As shown in Table 11, it is estimated 
chat one-half of the driving population 
has a perception-reaction time greater 
than 2.6 seconds when confronted with 
the traffic conditions presented in Case 
I. And as shown in Figure 7 , the per­
ception-reaction time value of 2.6 
seconds falls somewhere in the middle of 
the range of maximum allowable percep­
tion-reaction times that are based on 
the proposed revised methodology for com­
puting Case I Intersection Sight Distances. 
Therefore, it is estimated that approxi­
mately 50 percent of the driving popula­
tion cannot perform to meet the AASHTO 
(5) standards. 

Even if the AASHTO formulation is used as 
the basis by which population exclusion 
is estimated, a high percentage results. 
The specification value, 3.0 seconds, 
corresponds to approximately the 65th per­
centile driver; thus over one-third of all 
drivers cannot even satisfy this criterion. 

INTERSECTION SIGHT DISTANCE - CASE II 
ENABLING VEHICLES to stop 
Sensitivity Analysis 

As was noted previously, the Case 11 In­
tersection Sight Distance formulation is 
merely an application of the stopping 
sight distance formulation. A detailed 
sensitivity analysis of chis latter for­
mulation is presented earlier in chis 
chapter under Stoppin~ Sight Distance. 
The reader is referre to that section 
for the complete analysis of the inter­
relationship between stopping sight dis­
tance and the driver characteristic, 
perception-brake reaction time. 

The 50th, 85th, and 95th percentile values 
for Case II perception-reaction time are 
estimated to be 2.6, 3.4, and 4.0 seconds, 
respectively. The current specification 
value is 2.5 seconds. 

Table 17 displays revised minimum and de­
sirable stopping sight distances and the 
percent changes from the current rounded 
stopping sight distances for the four 
values of perception-brake reaction time. 
For example, if the value of 3.4 seconds 
was selected as the new specification, the 
calculated desirable stopping sight dis­
tance would be 1B percent higher than the 
current standard value at 30 mph (48 km/h) 
and nearly 10 percent higher at 70 mph 
(113 km/h). 
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TABLE 16--Actual Sight Distance Required for Case r 
Intersection Sight Distance Based on Suggested 
Revised Formulation 

Minimum Allowable Intersection(!) 

Oesign Speed of (3) 
Vehicle Approaching 

Sight Distance (@PRT • 3.0s/@PRT •3.4s) 
feet 

Design Inter-
section (4 Sight o·istance 

An Uncontrolled 
Intersection, mph 

Approach Speed of "Conflict" VehicleP>mph, 

20 40 7 feet 

20 

30 

40 

50 

60 

70 

Minimum Allowable 
@PRT • 3.0s 
Minimum Allowable 
@PRT • 3.4s 

90 

130 

180 

220 

260 

310 

Sight Distance 
' 

Sight Distance 

NOTES: (1) Values calculated based on methodology presented in text, 
values expressed in feet; assumes roadway width is 24 feet and 
deceleration rate is 10 mphps. 

(2) Speed of vehicle approaching intersection which driver is decelerating 
to avoid. 

(3) Speed of vehicle approaching intersection which will be decelerated. 

· (4) Standard value recommended by AASBTO (1). 

The SI (metric) conversions are l mph = 1.61 km/h and l ft • 0.3 m. 
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P •DA+ (d) (w2/2.93JV8)2 - WA/V8) 

1.47 VA 

where: DA• Design std for Intersection Sight 
Distance 

d • 10 mphps 
W • 24 ft. 
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The SI (metric) conversions are 1 mph• 1.61 km/h and 1 ft• 0.3 m. 

FIGURE 7--Haximum Allowable Perception-Reaction Time 
For Case I Intersection Sight Distance Design 
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Design 
Speed, 

mph 

30 

40 I 

50 I 

CJ'\ 

I 0 

60 

70 I 

NOTES: (l) 

(2) 

TABLE 17 --Computed Case II Intersection Sight Distances Based 
on Various Values of Perception-Brake Reaction Time 

Design (1) COMPUTED SSD.ft/(PERCENT INCREASE ABOVE STANDARD) 
SSD, -(<IRT • 2. 5 S @RT"" 2.6 S @RT• 3.4 S 

ft (Specification) (50th %He) (85th %He) 

200 (min) 177 181 214 
(-12) (-9.5) (7.0) 

200 (des) I 196 200 235 
(-2.0) (0) (18) 

275 (min) I 267 272 315 
(-2.9) (-1.1) (15) 

325 (des) I 313 319 366 
(-3. 7) (-1.8) (13) 

375 (min) I 376 383 435 
(0.3) (2.1) (16) 

475 (des) 461 468 527 
(-2.9) (-1.5) (11) 

525 (min) 501 509 570 
(-4.6) (3. O) (8.6) 

650 (des) I 634 643 713 
(-2.5) (-1.1) (9. 7) 

625 (min) I 613 622 690 
(-1. IJ) (-0.5) (lO) 

850 (des) I 840 850 932 
(-1. 2) (0) (9.6) 

~KT"' 4.0 S 
(95th %ilc:) 

239 
(20) 

262 
()1) 

)46 
(~LI) 

401 
(2 J) 

473 
Ub) 

571 
(20) 

616 
(17) 

766 
( 18) 

741 
(L9) 

994 
( 17) 

The two values givL•n an~ the "minimum" and "desirable" values for Stopping Si~hc IJ1 ,,L.111l ,. ; 

Source: AASHTO (1) 
: 

The SI (metric) conversions are 1 mph• l.61 km/h and 1 ft• 0.3 m. 



Exclusion Analysis 

The current specification for perception• 
brake reaction time is 2.5 seconds, which 
is based on a driver of a vehicle sight­
ing and stopping for a stationary object 
in the roadway. However as was noted pre­
viously, the driver in this situation 
(Case II Intersection Sight Distance) is 
required to perform a more complex set 
of actions. The estimated values listed 
earlier in Table 11 represent more 
accurately the driver characteristic in­
volved in this particular situation 
than does the 2.5 second value. 

It should be emphasized that the values 
in Table 11 are to be considered esti­
mates. They were determined by adding 
values, in some instances estimates them­
selves, of discrete components of the 
perception-brake reaction time. It can­
not be stated with certainty chat these 
values do represent the true distribution 
of the driving public, as they were based 
on relatively small sample sizes and less 
thanaccual driving conditions. 

Perception-brake reaction varies among 
the d::-iving population and varies for 
any one driver depending upon the situa­
tion. Consequently, it is difficult to 
state categorically that a certain per­
centage of drivers are being excluded 
with the 2.5 second specification. It 
can be safely assumed that the current 
specification does not accommodate all 
drivers for all situations. It is esti­
mated that approximately 50 percent of 
the driving population is essentially 
excluded by adoption of the 2.5 seconds 
specification. le cannot be stated what 
specific group of drivers are being ex­
cluded but the elderly, with their 
slower reaction times, are likely pre­
dominant in the excluded group. 

Cricigue of Specification 

As has been noted several times above, 
Case !I Intersection Sight Distance stand­
ards based on the current 2.5 seconds 
specification for driver perception-brake 
reaction time accommodate only an esti­
mac,ed one-half of the drivers approach­
ing uncontrolled intersections. Despite 
what would appear from chis analysis co 
be a seriously hazardous set of stan­
dards, very little statistical evidence 
has been developed or presented co sub­
stantiate this hypothesis. Most of the 
applicable research work found in a 
literature search dealt with the safety 
impact of providing less than the AASHTO 
guidelines for intersection sight dis­
tance. It could be argued (based on the 
estimation that the specification value 
of 2.5 seconds is low) that these studies 
are comparing two like set of conditions, 

each of which is hazardous. A more to 
the point analysis would establish esti­
mated accident rates for incremental 
intersection sight distances, including 
those in excess of the AASHTO design 
standards. An analysis of that sort may 
provide a clearer picture of the appro­
priate threshold values that economically 
optimize intersection safety. 

The AASHTO (5) definition of the condi­
tions describing Case II - Enabling 
Vehicles to Stop states that the "opera­
tor of a vehicle on either highway must 
be able co see the intersection and the 
intersecting highway in sufficient time 
to stop the vehicle before reaching the 
intersection." The three different rel­
ative approach patterns for two vehicles• 
at an uncontrolled intersection--either 
vehicle A arrives first, or veh{cle B, 
or they arrive simultaneously. Accord­
ing to the above definition, Case II 
sight distance should enable a driver 
confronted with the latter situation 
(i.e., vehicles to collide) to bring the 
vehicle to a complete stop before reach­
ing the intersection. The AASHTO stand­
ards for stopping sight distance no not 
in some cases provide this adequate sight 
distance. Instead, the AASHTO standards 
will sometimes place the driver in a 
situation where a speed adjustment must 
be made to avoid a collision but where 
stopping distance is not available; in 
other words, Case !•-Enabling Vehicles 
to Adjust Speed applies. 

INTERSECTION SIGHT DISTANCE - CASE III 
ENABLING STOPPED VEHICLES TO CROSS 
MAJOR STREETS 

Sensitivity Analysis 

The most direct measure of sensitivity 
between the design standard (Case III 
Intersection Sight Distance) and the 
driver characteristic (perception-reaction 
rime) is the partial derivative of inter­
section sight distance with re-!!pect to 
perception-reaction time: 

irn~ - 1.47V (ll) 
(refer to equation (~)) 

For example, if the velocity of the 
approaching vehicles is 60 mph (96 km/h) 
a one second change in perception­
reaction time necessitates an 88 feet 
(27m) increase in sight distance. The 
percentage change in the D value for a 
unit change in J is computed with the 
roITowing fonnula: 

?~D~ "I J 
1 
o 
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These values range from app~oximately 
0.14 percent/second for passenger vehi­
cles co 0.08 percent/second for WB-50 
vehicles. The percentage change in the 
D value for a percentage change in J is 
computed with the following formula: 

3 (D) J J ~"' . ..---,-­, ,..,, u J+ca 

These values range from approximately 
0.29 percent/percent for passenger vehi­
cles if perception-reaction time is 2.0 
seconds to 0.16 percent/percent for WB-50 
vehicles if perception-reaction time is 
2.0 seconds. Therefore, the computed 
value for Case III Intersection Sight 
Distance changes at a much slower rate 
than does perception-reaction time. Or, 
in other words, Case III Intersection 
Sight Distance is not highly sensitive 
to perception-reaction time, especially 
in comparison with its sensitivity co 
vehicle acceleration. 

Table 18 lists the computed changes in 
intersection sight distance that result 
from incremental increases and decreases 
in perception-reaction time. Note that 
although the absolute values for inter­
section sight distance will vary depend­
ing on the vehicle approach speed, the 
percentage change in D remains the same. 
The analysis presented in Table 18 is 
particularly useful in evaluating the 
sensitivity of Case III Intersection 
Sight Distance co the driver character­
istic, J, because it is not currently 
possible to develop from existing re­
search a definitive population distribu­
tion of driver characteristic values. 
Instead, only an approximate range of 1.4 
to 2.8 seconds for the general driving 
population can be established. Both of 
these values are evaluated for their 
sensitivity in Table 18, as well as in­
crementally-stepped values in between. 

Exclusion Analysis 

Based on current available research, an 
accurate population distribution cannot 
be developed for the driver characteris­
tic, perception-reaction time. For that 
reason, it is not possible to estimate 
what segment of the driving population 
is excluded by the Case III Intersection 
Sight Distance design standards. How­
ever, it can be safely stated that the 
current specification is neither much 
too high nor much too low for the general 
driving population. 

Equally undeterminable is what effect 
takes place by not designing for those 
motorists with perception-reaction times 
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longer than the specification, 2.0 sec­
onds. As is stated previously under 
Case lII--Intersection Si ht Distance, a 

1rect quant1 ia ere at1ons ip etween 
sight distance and accidents has not 
developed. Logic, of course, would lead 
to the conclusion that "excluded" motor­
ists would be more susceptible to acci­
dents involving limited sight distance at 
intersections. 

Critigue of Specification 

The specification value for the driver 
characteristic, perception-reaction time, 
appears to represent an adequate percent­
age of the driving population. The syn­
thesis of current, applicable research 
suggests a range of values for the gener­
al driving population which brackets the 
specification value of 2.0 seconds. The 
estimated 85th percentile value of 2.2 
seconds causes a less than 4 percent in­
crease in the computed sight distance 
required for passenger vehicles and a 
just over 1 percent increase in the dis­
tance required for 'WB-50 vehicles. 

INTERSECTION SIGHT DISTANCE - CASE IV & V 
ENABLING A STOPPED VEHICLE to TURN LETT 
ONTO A two-LANE HIGHWAY 

As indicated in Chapter II, there are two 
new cases for intersection sight distance 
design. Refe;ring back to Figure 1, it 
can be seen that both cases (curve C is 
Case IV and curve Dis Case V) require 
considerably longer sight distance than 
indicated by curve B (Case III) for a 
given speed. The longer distance result 
from the longer time it takes to turn 
left and for Case V the distance required 
for the turning vehicle to reach the 
speed of the vehicle approaching from the 
right. These additional distances are 
not related to a driver characteristic 
and, therefore, insensitive co a change 
in the driver characteristic, J, the 
perception-reaction time. Since it was 
shown that the sight distance required 
for Case III varies only slighcly with a 
significant change in the driver charac­
teristic then it follows that Case IV 
and V would be even less sensitive. 

RAILROAD-HIGHWAY GRADE CROSSING SIGHT 
DISTANCE - CASE t CORNER SIGHT !5ISTANCE 
TRIANGLE 

Sensitivity Analysis 

The sensitivity analysis for this stand­
ard can be approached in the same way as 
for stopping sight distance. The first 
analysis is to determine the "sensitivity 
index" (i.e., the percent change in the 
standard resulting from a one percent 
change in the specification). This value 



TABLE 18--Changes in Case rrr Intersection Sight Distance 
as~ Function of Changes in Percepcion-Reac~ion 
Time 

PERCEl!T CHANCE 
FROM SPECt FI-

DESIGN VEHICLE CATION ,OR J 

Passenger Car (Pl la 
)<) 

;u 
li.l 
; 
0 

-5 
-L0 
-20 
-30 
-j,J 

SL ngle Unit SO 
Truck (SU) 30 

20 
LO 

5 
0 

-5 
-LO 
-20 
-30 
-50 

SO ft. \JheeLbase SO 
Truck (118-50) . JO 

20 
LO 

5 
0 

-5 
-LO 
-:o 
-JO 
-jO 

~J.(ll 

sec. 

- . z 
~. L 
2. () 
L. 9 
1.8 
1.6 
l.4 
l.O 

J.O 
2.6 
2.4 
z. 2 
LL 
2.0 
1. 9 
l. 8 
L.6 
l.4 
1.0 

3.0 
2.6 
2.4 
2.2 
2.1 
2 .o 
l.9 
l. 8 
l. 6 
t. ~ 
l.O 

~EWD,( 2 ) 

fc 

760 
730 
7~0 
7lJO 
;oo 
690 
,ao 
670 
660 
~so 
620 

980 
950 
940 
9ZO 
920 
9LO 
900 
390 
~~o 
;;o 
~40 

Cl'.A.'IGE [N 
o,Ol FROM 
STA.'mARD, 

ft 
~I) 
j() 

JO 
20 
l<l 
a 

-LO 
-LO 
-JO 
-.:.o 
-30 

70 
.:.o 
30 
LO 
LO 
0 

-LO 
-20 
-30 
-40 
-71) 

~ C:IA.'IGE 
csO> o 
,!\OK STA.'ID­
.'lil.D 

(6 
L•) 

;_ 9 
).9 
.! • 1) 

0 
-2.0 
-2.0 
-5.9 
-7.8 

-Li. 

LO 
5.8 
4,J 

L." 
l.4 
0 

-l.4 
-2.9 
-4 .) 
-5.8 

-LO 

7.1 
4.4 
3.J 
l.L 
l.L 

0 
-l.L 
-2.2 
-J. J 

_,. 1 

~on:s: (L) Compuced by makia1 lisced percea.caga change to spec1f1cac1oa for J, 2.0 sec. 
(2) Compuced usl.n1 c,e fonnula "D • 1.47V (J + ca);" .usume V a ;o "'Ph and the 

wtdth of che ..al.n hL~hway l.s 24 fc Values ar• rounded. 

(J) Uneven seeps Ln valu•• ar• due co roundLna la che caapucaclon of D. 

(4) The SI (metric) conversions are I mph• l.6llcm/h and I ft - 0.3 m. 
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is computed by taking the partial deri­
vative of the standard with respect to 
the driver characteristic, dividing by 
the standard, and then multiplying by the 
driver characteristic. 

Tables 19 and 20 lists, for various high­
way ·speeds. the "sensitivity indices" for 
distances along the highway, DH, and 
along the track, DR, respectively. Sim­
ilar to stopping sight distance two speeds 
are used--design speed for desirable 
values and assumed speed for minimum 
values. The sensitivity indices indicate 
the percent change in the sight distance 
resulting from a one percent change in 
the specification for the perception­
brake reaction time. For example, in 
Table 19 it can be seen that a design 
speed of 70 mph (113 km/h) the sight dis­
tance down the highway will increase 
0.30 percent for a one percent increase 
in perception-brake reaction time. Sim­
ilarly, in Table 20, it can be seen that 
at a design speed of 70 mph (113 km/h) 
the distance down the track will increase 
0.27 percent for a one percent increase 
in perceptoin-brake reaction time. Train 
speed does not affect the sensitivity 
index; hence, it would be the same for 
all values of train speed for a given 
highway speed. 

Since the equations (7) and (8) used to 
develop these values are nearly the same 
as for Stopping Sight Distance the sensi­
tivity indices are similar. However, the 
additional 25 feet (7.6 m) in equation 
(7) and the additional 100 feet (30.5 m) 
in equation (8) has the effect of mini­
mizing the sensitivlty of the sight dis­
tance due to a change in the perception­
brake reaction time. 

The sensitivity indices were used to 
develop the plots in Figures 8 and 9 
which show the percent change in the cur­
rent distance for the 50th, 85th and 
95th percentile estimated values of per­
ception-reaction time for distance along 
the highway and distance along the track, 
respectively. The sensitivity indices 
used for· the plots were those for "desir­
able" distances shown in Tables 19 and 20. 

From the plots, then, it can be determin­
ed what the new distance would be for any 
of three percentile values of perception­
reaction time. From Figure 8, for 
example, it can be seen that for a design 
vehicle speed of 60 mph (97 lan/h) and an 
85th percentile perception-reaction time 
of 3.5 seconds the distance along the 
highway would incease 13.4 percent. 
From Figure 9 for the same design vehi­
cle speed and some perception-reaction 
time, the distance along the track would 
increase 12.0 percent. For a given de-

64 

sign vehicle speed, the changes are con­
stant for all train speeds. 

Exclusion Analysis and Critigue of 
Specification 

The current specification of the percep­
tion-reaction time is 2.5 seconds, which 
as already noted, is the same for stop­
ping sight distance. But for reasons 
already discussed, the perception-reac­
tion process involved in a passive­
controlled railroad-highway grade cross­
ing is much more demanding than that for 
stopping sight distance. Consequently, 
it can be expected that perception­
reaction time would be higher than that 
for a stopping distance. 

By adding time values dete:.-mined from the 
literature for discrete elements of the 
perception-reaction process, estimated 
values were determined for the 50th, 
85th, and 95th percentile perception­
reaction time .• With the current specifi­
cation set at only 2.5 seconds, the stan­
dard would only accomnodate slightly 
over 50 percent of the drivers, since the 
estimated 50th percentile value is 2,3 
seconds. 

However, this does not necessarily mean 
that close to 50 percent of the drivers 
cannot perform within the specification 
of 2. 5 seconds-. 

It may be that the estimated values are 
on the conservative side. This is be­
cause it has been assumed that a person 
who performs at an 85 percent level for 
the detection process would also perform 
at that level for all elements of the proc­
ess which may not be the case. Also, it 
has been assumed that all elements of the 
process are sequential without any time 
sharing of subtasks, which may be too con­
servative an assumption. 

One way to test the appropriateness of 
the 2.5 second perception-reacuon time 
specification would be to examine the re­
lationship of available sight distance 
to train-vehicle accidents. If the 2.5 
seconds were too low for a large percent­
age of the drivers, then presumably, an 
accident analysis might reveal a positive 
correlation. Unfortunately the literature 
is silent on chis aspect. 



TABLE 19--Sensitivity Indices for Distance Along the 
Highway With Respect to a Change in Perception­
Reaction time 

Design Assumed Friction % A 1D Ila 
Speed Speed Value With l % 6 in t (mph) (mph) (f) 

m.iDiml.D desirable 

30 28 0.35 0.51 a.so 
40 36 0.32 0.45 0.43 

50 44 0.30 0.40 0.38 

60 52 0,29 0.36 0,33 

70 58 0.28 0.33 0 .. 30 

l mpla • 1.61 km/h 

TABLE 20 --Sensitivity Indices for Distance Along the Track 
With Respect to a Change in Perception-Reaction 
Time 

Deaip Aaamed Friction %Aia!>a 
Speed Speed Value wf.th 1% A in t 

(mph) (mph) f m.iDimUIII desirable 

30 28 0.35 0.37 0.37 

40 36 0.32 0.36 0.3~ 
so 44 0.30 0.34 0.33 

60 52 0.29 0.32 0.30 

70 58 0.28 0.3C 0.27 
-

1 mph• 1.61 km/h 
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RAILROAD-HIGHWAY GRADE CROSSING SIGHT 
5ISTANCE - CASE !1 SIGHT DISTANCE ALONG 
RAILROAD FOR STOPPED VEHICLES 70 CROSS 
t~ FRONT OF TRAIN 

Sensicivicv Analysis 

Equation (9). presented earlier, is used 
co deter.nine che required sight distance 
along che railroad for a vehicle ac a 
stopped position to cross in front of a 
train. When the partial derivative of 
the standard, i.e., the distance Dr. with 
respect co the driver characteristic, J, 
is divided by D and then multiplied by 
J, the resulting sensitivity index of 
0. 12 resulcs. This is a conscanc value 
which applies co all values of train 
speed (VT). It means chat if the driv­
er characteristic specification of 2.0 
second is changed by l percent the sight 
distance will change by 0.12 percent. 

The current specification for the driver 
characteristic is 2.0 seconds. In 
Chapter III, this perception-reaction 
time characteristic was discussed with 
the resulting conclusion chac che range 
was from l.4 to 2.4 seconds with che 
lower value applicable co che SOch per­
centile of the driving population and 
the higher value applicable co ac lease 
the 85ch percencile. 

Shown in Table 21 are changes in che 
sight distance requirements that would 
result if the current specification of 
2.0 seconds. If 1.4 seconds were co be 
used all che distances would be reduced 
by J.6 percent and if 2.4 seconds were 
co be used the dis~ances would be in­
creased by 2.4 percent. 7hese are rela­
cively small changes compared co che 
currenc scandard. 

Exclusion Analysis and Critique of 
Spec1flcadon 

Prior co the preparation of the new edi­
tion of the Traffic Control Devices Hand­
book (17), a driver characteristic had 
not been considered in chis standard. 
~ith the adoption of a 2.0 second speci­
fication for the perception-reaction 
time, the required sight distances have 
been increased substancially. 

~o empirical data could be identified in 
the literature that indicates what the 
actual perception-reaction cime is for 
chis situation. However, a range of 1.4 
co 2.4 seconds has been determined 
analytically. It would seem, therefore. 
that che 2.0 seconds is a reasonable 
value for chis standard and does not ex­
clude very many drivers. In face, it 
could be reasoned that che 1.4 second 
value may be more appropriate because 
the standard is based on large trucks, 
and therefore, truck drivers. These 
drivers are cypically more skilled and 
experienced and would perform better 
than most with regard co percepcion­
reaction cime. 

In any event, the standard is relatively 
insensitive co a change in the driver 
characceriscic. Because of this and the 
face that the current 2.0 second speci­
fication is r~asonable, there is no 
compelling reason to change che speci­
fication or define it more accurately 
through empirical research. 

TABL~ 21--Chanees in Sight Distances ac Railroad-Highway Grade 
Crossings for Stopped Vehicles co Cross in Front of 
T~3in with Changes in Driver Characteristic Specification 

Train Speed 
mph 

10 
20 
30 
40 
so 
60 
70 
80 
90 

Sight Distance (ft) 
Current Standard 
W/PRT • 2.0 sec 

240 
480 
720 
960 

1,200 
1,440 
l,680 
1,920 
2,160 

The SI (metric) conversion is l mph~ 1.61 km/h. 
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C~ange in Distance (fc) 
with PRT Time or 

1.4 sec 2.4 sec 

- 9 + 6 
-17 +12 
-26 +17 
- 35 +23 
-43 '·2.9 
-52 -15 
-60 ·-·'-:0 
-69 +•,C, 
-78 +52 



CRES: VERTICAL CURVE LE:-lGTH 

Sensi:ivicv Analysis 

In order co maincain a particular sighc 
discance on a crest vertical curve when 
che driver eye height is lowered, a 
longer (flacter) curve must be provided. 
If eye height is decreased by one percent, 
longer vertical curve must be provided. 
A decrease in eye height to the estimated 
85th percentile value of 41.l inches 
(1.04 m) results in a 1.58 percent in• 
crease in curve length; a decrease co the 
estimated 95th percentile value neces­
sitates a 3.22 percent increase in curve 
length. In order to effect a 5 percent 
increase in vertical curve length where 
S is less than L, eye height muse be de­
creased from che 42 inch (1.07 m)--which 
is only 0.4 inches (10 mm) less than the 
suggested 95th percentile value for driv­
er eye height. 

For crest vertical curves with sight dis­
tance less than curve length, the maximum 
allowable perception-brake reaction time 
and distance are all greater chan the 
2.5 second specification if the driver's 
eye height is 42.0 inches (1.07 m). For 
drivers with an eye height of 40.2 inches 
(1.02 m)--the estimated 95th percentile 
value--addicional distance to stop is 
needed than is available on the crest 
vertical curve. However, this additional 
distance amounts co no more than a two 
percent overrun. The computed values are 
listed in Table 22. 

7ABLE 22--Scopping Sight Distance 
Curves at AASHTO Design 

The relatively la~ge increases in K values 
necessitated by a 2.8 second percepcion­
brake reaction time are much more sLzeable 
than chose caused by changes in driver 
eye height. 

Table 22 also Uses the sight deficiencies 
caused by perception-reaction time of 2.8 
and 3.2 seconds. For example, a driver 
whose perception-brake reaction time is 
2.8 seconds on a crest vertical curve de• 
signed for V • 60 mph (97 km/h) will come 
to a stop 21 feet (6.4 m) beyond the 
sight distance of 503 feet (153 m). If 
the driver's perception-brake reaction 
time is 3.2 seconds on the same vertical 
curve, the vehicle will stop 52 feet 
(16 m) beyond the "sighted" object. 

The AASHTO design values for minimum crest 
vertical curve length are expressed in 
the units of a "K" value which is simply 
the ratio of curve length co the alge· 
braic difference in grades (exPressed in 
feet). In equacion form, K equals L/A. 

Table 23 lists the computed K values 
needed_in or~er to provide adequate stop• 
pLng SLght dLstance on crest vertical 
curves as a function of two driver eye 
heights and cwo perception-brake reaction 
times. These ~ompuced values are then 
compared to the actual design K values. 

Deficiencies on C=esc Verc~cal 
Values(~) 

Additional Disca:1ce :f:) (]) 
Needed for Vehicle to Stop V 

(mph) 

Computed Sighc( 2) 
Distance (ft) Provided 

by Design Values ~ RT=2.S/2.8/3.2 sec ~ He~4.l"/40.2" 

30 
40 

so 

60 

70 

200 

282 
326 

382 
461 

503 
642 

621 
842 

0/9/27 0/0 

0/1/22 0/0 
0/5/2B 0/0 

0/14/40 0/0 
0/22/51 4/7 

0/Zl/52 3/7 
0/18/53 0/2 

0/18/52 0/2 
0/24/65 0/6 

Notes: (l) Source: AASHTO (1) 
(2) Assumes He= 41 in (1.07 m) and Ho= 6 in (0. 15 m) 
(3) The distance the stopping vehicle will travel beyond the "sighted" 

object in the roadway: :he "additional dista['\ce" calculations for 
varying reaction cirnes assumes He = 42 in (l. 07 m): the "additional 
distance" calculations for varying eye heights assumes RT = 2. 5 sec:. 

The Sr (metric) conversions are 1 mph= l.61 km/h and l ft= 0.3 m. 
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Oesig11 
S~eed 
(opn) 

JO mpti 

40 

50 

6<l 

70 

TABLE: 23--Design Crest Vertical Curve "K" Values for Various 
Driver Eye Heighcs and Perception-Brake Reaction 
Ti:ne 

C.ilcul..ited "K" IJ.il.ua/ (Percent [ncre.ise Abova StandarJ) 

J"si-,1n 
(l) 

J He • .:. L. l in. 
( 2) 

J rle • .:.o.z Ln. 
(2) 

~ tlT • /. .a sec 
(J) 

: ~I • -J.l sec 

" l d 5 tn ;J.l,t) U5cn l.i.lel 

JO (min) 24.l 24.5 27.l J2.0 
(-20) (-ldl (-9.d) (6. 7) 

]0 (des) 29. 3 29.7 32.8 )8.6 
(-Z. 3) (-LO) (9.4) ( 2 9) 

au (ml.11) 34. 4 n. J 60.l &~.s 
(-9. ) ) (-7.8) (0. J) (16) 

80 (des) 7L l i6. 3 02.4 94. S 
(-6.lJ ( -4. 6 J ( 3.0) (J.8) 

LlO (min) l<l9 uo LLB l34 
(-0.9) (0) (7. J) (22) 

J.61.l (des) L6J 165 176 1913 
(l. ~) ( 3. l) (10) (24) 

HO (::11.n) 192 195 2v7 232 
(l. l) (Z. 6) (8.9) (22) 

HO (des) )07 JU JZ8 ]&:. 
(-1.0) (0.6) (S. 8) ( J.7) 

290 (ml.n) 287 292 307 J:.il 
(-1.0) (0. 7) (3.9) (17) 

540 (~es) SJ9 548 570 626 
(-0.2) (l. S) ( 5. 6) (l~) 

~OTES; (1) Th• t'JO values are the ":::1inimu.m'" a.nd "desirabla'' design. values for K 
(K is defined as Curve L"ngtn, L~ ceet, divided by 3l~ebraic dl.fcereace 
in gr.ides, in percent) 

(2) M111111e1 RT• 2.5 seconds 

(3) Assumes He• 42.0 inchea 
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All of the above calculations have been 
based on the assumption that the "g" 
value--grade--has been equal to zero. 
Our research indicates that the litera­
ture fails to define the use of the "g" 
value for roadway surfaces whose grades 
change during the braking action. In 
the case of crest vertical curves for 
instance, it is unknown whether co use 
the "g" value at the instant of brake 
application, the "g" value at the stop­
ping point. or (more probably) somewhere 
in between. The impacts of the "g" value 
used in crest vertical curve length cal­
culations can be quite significant. If 
a grade of -4 percent is assumed, none 
of the K (minimum) or K (desirable) de­
sign values allow perception-brake re­
action times as high as the specification, 
2. 5 seconds. Even at a grade of -2 per­
cent, all perception-brake reaction times 
(except chose for a 40 mph (64 km/h) 
design speed) likewise fall below 2.5 
seconds. 

If perception-brake reaction time is as­
sumed to be 2.5 seconds and driver eye 
height to be 42 inches (1.07 m) a grade 
of -4 percent would require a 25 percent 
increase in K (desirable) values for a 
design speed of 70 mph (113 km/h) in 
order to provide for adequate stopping 
sight distance. 

Exclusion Analvsis and Critique of 
Speci.ficat~on 

Throughout che preceding sensitivity 
analysis it became evident chat auto 
driver eye height, within its current 
range of values, has relatively little 
1~pact on crest vercical curve character­
istics. Decreases in driver eye height 
co the 95th percentile value result in 
sight distance reductions in most cases 
of approximately 1.5 percent of the cur­
rent standard. Therefore, the dispro­
portionat~ly high percentage o: female 
drivers who comprise the "shortest" 
drivers are not significancly excluded 
by current standards for crest vertical 
curve characteristics. 

As was shown earlier in Table 22, any 
driver with a perception-brake reaction 
time of 2.B seconds is excluded by che 
current crest vertical curve standard. 
Thus fully 15 percent of the driving 
population may be excluded. If the 
specification for perception-brake re­
ac:ion time is ever increased to 2.8 
seconds, nearly all K design values for 
crest ve.:-cical curves wi 11 r.eed to be 
adjusted upward. However, as was noted 
previously, safety studies have not 
drawn a direct correlation between traf­
fic safety and inadequate scopping sight 
distances on crest vertical curves. 

Therefore, 1t would be premat~re to con­
sider adJust1ng the current 3es1ln K 
values to account for the 2.8 seconds. 
This should take place only after further 
empirical research indicates either that 
2.5 seconds does not satisfy the 85th 
percentile driver or that sight distances 
based on current K values affect traffic 
safety adversely. 

As for drivers with eye heights of less 
chan 42 inches (l. 07ml, they are likewise 
excluded by the current standard, al­
though che result is much less severe 
both because only cwo design speeds are 
affected and because the sight distance 
shortfall is relatively insignificant. 

SAG VERTICAL CURVE ~ENGTH 

Sensitivitv Analysis 

The sensitivity of sag vertical curve 
geometrics to unit changes in the driver 
characteristic perception-brake reaction 
cime can be obtained by taking the deriva­
tive of the "headlight sighc distance" 
formulas, equations (14) and (15). On 
sag vertical curves where sight distance 
is less than the curve length, the 
"threshold" value for K changes as a 
function of P (perception-reaction cime) 
at a race that varies from 3.2 percent 
per one-tench second change in Pon 30 
mph (48 km/h) design speed curves to 1.4 
percent per one-tenth second change in P 
on 70 mph <113 km/h) design speed curves. 

For sag vertical curves designed at K 
/minimum) and K (desirable) the maximum 
allowable perception-brake reaccion time 
for a vehicle co seep in sufficient time 
and distance is ac lease 2.5 seconds, the 
specification value, for each of the de­
sign speeds. The maximum allowable per­
ception-brake reaction time values for 
each K (~ini~um) and K (desirable) design 
standard are listed in Table 24. The 
table also cists the distance ~hich a 
vehicle will overshoot the "'sighted" 
object due to a deficiency in sight dis­
tance based on a range of perception -
brake reaction times. The neiative values 
in the cable indicate the vehi~le will 
come co a stop in front of the "sighted" 
object. Thus a driver with a pc"ception­
brake reaction time of 2.5 secor~s will 
be able co stop a vehicle withi~ a dis­
tance at lease 9 feec (2. 7 m) lc:~s than 
the sight distance on any design curve. 
However, a driver on a SO mph lw.G km/h) 
~esign curve who has a perceo-.:L,.,-brake 
reaction cime of 2.8 seconds wi~l over­
shoot an object sighted at the maximum 
available sight distance, ~77 feet 
(145 ml. by 6 feet (l. 8 m)--or, in 
other cerms, by 1.3 eercenc. 
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V 

30 mph 

40 

so 

60 

70 

TABLE 24 --Stopping Sight Distance Deficiencies on 
Sag Vertical Curves at Design "K" Values 

(1) Additional Distance()) Design 
Sigh~ Distance(Z) K Needed for Vehicle to Stop 

(ft/Ect) Provided b:z: K (@RT = 2.5/2.8/3.2 sec) 

40 (min) 215 ft -38/-25/-9 ft 

40 (des) 215 -19/-6/12 

60 (min) 292 -25/-9/12 

70 (des) 330 -17 / l /24 

90 (min) 404 -28/-8/18 

110 (des) 477 -16/ 6/35 

120 (min) 513 -12/11/42 

160 (des) 657 -23/ 3/38 

150 (min) 622 - 9/17/51 

220 (des) 871 -31/ 0/41 

RT (4) @ 

Desisn K 

3.41 sec 

2.93 

2.98 

2.78 

2.93 

2.72 

2.66 

2. 77 

2.60 

2.80 

Notes: (l) Source: AASHTO (5) 

(2) Assumes headlight height is 2.0 ft (0.6m), the specification 

(3) The distance the stopping vehicle will travel beyond the "sighted" 
object in the roadway; a negative value indicates the vehicle 
will stop in front of the object. 

(4) Values given are the maximum allowable perception-brake reaction 
times in order for vehicles to stop on sag vertical curves with 
the geometric characteristics called for in the design "K" values 

The SI (metric) conversions are l mph= 1.61 km/h, l ft= 0.3 m, and 
1 K(ft/pct) • 0.3 K(m/pct). 
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Table 25 lists the computed K values 
needed in order to provide adequate stop­
ping sight distance on sag vertical 
curves. It is evident from chis table 
chat even at the specification for per­
ception-brake reaction time, 2.5 seconds, 
several design K values couid be safely 
reduced by S units. Five of the current 
design standards for K would require 
slight increases if a perception-brake 
reaction time of 2.8 seconds is deemed a 
more accurate specification for the driver 
chac-acteristic. 

Exclusion A"alysis and Critique of 
Spec1.ficadon 

Estimates based on aggregated simulation 
results indicate that ~erception-brake 
reaction time values of 2.8 co 3.2 seconds" 
~ay be more appropriate for the 85th 
percentile driver than the current 2.5 
second specification value. This apparent 
lack of adequate sight distance ln the 
standard formulation has not resulted in 
an unsafe condition evidenced by a large 
number of accidents. Perhaps this seem• 
ingly contradictory sec of circumstances 
can be explained in either of two ways 
(or both). First, the sight distance 
deficiencies may indeed exist on sag ver­
tical curves but they may not result in 
an appreciable safety hazard because the 
stopping action called for in the fonnu­
lation is such a rare occurrence. In 
ocher words, the presence of a 6 inch 
(0.15m) object in the roadway usually re­
quires the driver of a vehicle to only 
maneuver to avoid the object, not to 
bring the vehicle to a stop pr1.or to the 
object. Therefore in most cases, it 
would seem that the sight distance needed 
on sag vertical curves is only the dis­
tance required for the driver to per­
ceive and react to che object and for 
the vehicle co be maneuvered (not 
stopped) to avoid the object. The sec­
ond possible explanation is that the 
standard fonnulation is incorrect. The 
several elements within the standard 
formulation which stand out as potential 
sources of errors include: 

• The 1 degree vertical divergence 
of the headlight beam--if the 
actual divergence is larger than 
1 degree, a greater distance can 
be viewed; 

• Braking distance--the actual brak­
ing distance for vehicles (includ­
ing trucks) may be less than what 
is estimated by the formula: and 

• Size of objecc--the standard for­
mulation for sag vertical curves 
calculates sight distance to the 
roadway itself; if a 6 inch 
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(0. 15m) objecc is co fall within 
the light beam, s~ght distance will 
actually be shorter than :he value 
computed from =he standard for.:iu­
lation. 

LATERAL CLEARANCE TO SIGHT OBSTR~CTCONS 
ON KORIZONTAL CIRCULAR C!.:R'/C:S 

Sensitivity Analysis 

Each of the design standard values for 
horizontal circular curves (middle ordi­
nate distance, degree of curvature, and 
radius of curve) can be expressed as a 
function of sight distance. The rest of 
this section focuses on stop!i~g sight 
distance which in turn is a unction of 
the driver characteristic perception­
reaction time. Thus the sensitivity of 
the design standards co changes in che 
driver characteristic specification can 
be calculated. As noted earlier, pro­
vision of passin! sight di.seance on 
horizontal c1.c-cu ar curves is usually an 
impractical application and, therefore, 
will not be analyzed any further in this 
section. 

The direct sensitivity of middle ordinate 
distance to changes in perception-c-eacc:on 
time for each design speed at its ,axi~um 
design degree of curvature value can be 
calculated from equation !12.). For curves 
with the mi~imum stopping sight distance, 
the instantaneous rate of change in the 
middle ordinate distance per one second 
change in perception-reaction time ranges 
between 7.66 and 8.67 feet/second (2.33 
~/sec and 2.64 m/sec). For curves with 
the desirable stopping sight distance 
the values range from 9.03 to 13.0 feet/ 
second (2. 75 m/sec to 3.96 m/sec). 

The percentage change in middle ordinate 
distance as a result of change in percep­
cion-reaccion time ranges between 44 and 
24 percent per one second change i.n per­
ception-reaction time (refer co Table 26). 
Thus for a driver wich a percepcion-reac• 
tion time of 3.2 seconds (u~~er limit of 
85th percentile estimate) the percentage 
change in design values for middle ordinate 
distance needed in order for the driver to 
have sufficient stopping sight distance 
ranges between approximately 28 percent 
at 30 mph (48 km/h) and 15 percent at 70 mph 
(113 km/h). Both of these sensitivities 
are ce~tainly significant. Efforcs should 
be taken co verify a tighter range of 
driver characteristic values than the 2.3-
3.2 second spread presented earlier. 

Exclusion Analysis 

In an earlier chapter it was noted chat 
the actual coefficient of braking fric­
tion on horizontal curves is sometimes 



DESIGN 
SPEED 
(mph) 

30 

40 

so 

60 

70 

TABLE 25--Design Sag Vertical Curve "K" Values 
for Various Perception-Brake Reaction 
Times 

DESIGN(l) COMPUTED "K" VALUE(
2

)/(PERCENT INCREASE ABOVE STANDARD) 

K @RT• 2,3 sec @RT• 2.5 sec @RT• 2.8 sec @RT.• 3.2 sec 

40 (min) 

40 (des) 

60 (min) 

70 (des) 

90 (min) 

28.8 

33.l 

50.7 

62.5 

79.0 

110 (des) · 102 

120 Cm.in) 

160 (des) 

112 

149 

150 (min) . 143 

220 (des) 205 

(-28) 

(-17) 

(-16) 

(-11) 

(-12) 

(-7. 7) 

(-6. 7) 

(-6.9) 

(-4. 7) 

(-6.8) 

Specification 

30.8 

35. 3 

53.4 

65.6 

82.5 

106 

117 

153 

148 

211 

(-23) 

(-11) 

(-11) 

(-6.J) 

(-8. 3) 

(-3.6) 

(-4 .4) 

(-1.3) 

(-4.1) 

33.8 

38.6 

57 .6 

70.3 

87.7 

112 

123 

161 

155 

220 

(-16) 

(-3.5) 

(0.4) 

(-2. 6) 

(1.8) 

(2.5) 

(0.6) 

(3.3) 

(0) 

37.9 

43.0 

63,l 

76.6 

94.8 

120 

131 

171 

164 

232 

(-5.2) 

(7.5) 

(5.2) 

(9.4) 

(5.3) 

(8.8) 

(9.2) 

(6. 9) 

(9.5) 

(5.5) 

NOTES: (1) The two values given are the "minimum." and "desirable" values for K; 
source: AASHTO (1) 

(2) Aa■umea sight distance is less than curve length. 

The !I (metric) conversions are 1 mph• 1.61 km/h and 1 K(ft/pct) • 
0.3 K(m/pct), 
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TABLE 2&-Percentage Change in Middle Ordinate Distance 
Per One Second Change in Perception-Reaction 
Time 

Instantaneous Percentage( 3) 

"Unrounded" (l) 
Change in Middle Ordinate 

Design 
Degree of(2) 

Distance Per One Second 
Speed Stopping Sight Change in Perception-

MPH Distance, ft .. Curvature Reaction Time 

30 mph 196 ft 24. 75 44. 2% 

40 267 (min) 13.25 39.2 

313 (des) 13.25 37.1 

50 376 (min) 8.25 34.1 

461 (des) 8.25 31.5 

60 501 (min) 5.25 30.3 

634 (des) 5.25 27.6 

70 613 (min) 3.50 27.7 

840 (des) 3.50 24.3 

Notes: (1) Unrounded AASHTO design values 
(2) Maximum value (rounded) when superelevation is 0.10. 
(3) Computed using the formula 

()m/~RT)(l/m) = (VD/7814)(cot(SD/22920)) 

The SI (metric) conversions are 1 mph= 1.61 km/h, 
1 ft= 0.3 m and 1 ft/sec= 0.3 m/sec. 
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less than the coefficient of braking fric­
cion observed on straight seccions. 
Therefore, the vehicle braking distance 
is sometimes greater on horizontal curves 
than on straight sections. Because the 
AASHTO stopping sight distance design 
values are based on straight section 
braking, a driver with a perception­
reaction time of 2.5 seconds (the speci­
fication) may not have sufficient braking 
distance on horizontal curves. Listed in 
Table 27 are the maximum allowable per-

ception-reaction time values on horizontal 
curves designed to AASHTO stopping sight 
distance standards. The table shows that 
on horizontal curves designed to their 
maximum de~ree of curvature, none of the 
"desirable design values nor the "minimum" 
design value for a 50 mph (80 km/h) design 
speed permit the specification for percep­
tion-reaction time, 2.5 seconds. Even if 
the lowest value of the estimated range 
of 85th percentile values (2.3 seconds) 
is taken. the "desirable" stopping sight 

TABLE 27--Maximum Allowable Perception-Reaction Time on Horizontal Circular Curves 

DISIQI 
5PIID, 
...5!L 

30 

40 

.50 

60 

70 

DISIGII STOPP~(l) Dm::ID OP 
SIGJrr DISTAIICI, ft etmVA'1VU 

200 9 • .5.5 
24.7.5 

275 (aiD.) 6,63 
ll, 2.5 

32.5 (du) 5.37 
13.2.5 

37.5 (aiD.) 4.44 
8. 2.5 

475 (dH) 3,44 
8.25 

525 (aia) 3.18 
.5.25 

650 {dH) 2.39 
.5.2~ 

62.5. (aia) 2.5.5 
3 • .5 

850 (du) 1. 7.5 
3 • .5 

(2) n.IcnOII P.&C'l'Ol.(3) KAXDGIN Al1.0WAIU(4 ) 
PDCEl'TlON-1.UCTION 

D!SIGII ACTUAL TDtEI aec 

.35 ,l.50 2.60 
.312 2.36 

.32 .320 2.6.5 
.304 2 • .52 

.32 .320 2.70 
.284 2.34 

,30 .300 2.48 
.287 2.33 

.30 ,300 2.69 
.26.5 2.19 

.29 .Z90 2.81 
.283 2. 71 

.29 .290 2.68 
.264 2.22 

.28 .280 2.64 
.278 2.61 

.28 .280 2.60 
.262 2.21 

Notes: (1) AASHTO "rounded" design values 

(2) For each design stopping sight distance, two values for degree ~f curvature are 
given. The top value corresponds to a curve where the actual friction faaor 
equals the design friction factor; for smaller values, the friction factor (~nd 
thus the perception-reaction time) remains constant. The bottom value is the 
maximum permissable value when the superelevation is 0.10. 

(3) Coefficient of friction available for braking. 

(4) Maximum allowable perceptio~reaction time given the design scopping sight 
distance, the design speed, and actual coefficient of friction; computed by 
the formula: 

RT• (S-V2/30f)/(l.47V) 

Perception-reaction time values are plotted in Figures 7 and B. 

The SI (metric) conversions are 1 mph• I. 61 km/h and 1 ft • 0. 3 m. 
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distance for 50, 60, and 70 mph (80, 97, 
113 km/h) design speeds are not sufficient. 
Therefore, significant portions of the 
driving population are being excluded by 
the current design standards. 

Critique of Specification 

The above calculations of maximum allow­
able perception-reaction times indicate 
that current design standards do not 
acco11D110date the current design specifi­
cation for perception-reaction time. 
However, if the specification can be 
shown to be too high for the design driv­
er, the current design standards may in 
fact be less inadequate, or even adequate. 
In order to make this assessment, it will 
be necessary to conduct further research 
to define a tighter range of estimated 
driver characteristic values. If this 
additional research confirms the validity 
of the current 2.5 second specification, 
the current design standards will need to 
be modified accordingly. 

HORIZONTAL CURVATURE 

Sensitivity Analysis 

As discuss~d earlier the side function 
factor, f, which is used in equation (16) 
co determine maximum radius of curve, Ii 
being considered as the surrogate for the 
driver characteristic of driver comfort. 
From the basic equation (16) the sensi­
tivity index can be determiried from the 
following equation 

....1pt ( f) - e -r .f (_!!_) 

However, in chis situation the partial 
derivative of R with respect to f is a 
function off, and provides an instan­
taneous rate of change that may not hold 
true over the range in which f is varied. 
The values derivable from equation <u> 
would only be approximations. Alterna­
tively, the sensitivity can be detemined 
by substituting values of R + 4 Rand 
f + A f in equation ( 16) , where a. im-
p lies an· incremental Increase or decrease 
and solve for ~R. The resulting equa­
tion simplifies to: 

R • -R.A f (ll_) 
e+l+:lf 

The equation above can be solved for 
various increments of~ f, given values 
of e, f-, and R. 

The results of the application of this 
formula can be seen in Table 28 . For 
the cwo most co11m1on maximum supereleva­
tion values 0.08 and 0.10 and for a low 
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design speed of 30 mph(48 km/h) and a 
high speed of 70 mph (113 km/h). Changes 
in the minimum radius are determined for 
+10 percent changes in the side friction 
!actor. The radii for design values are 
those calculated from the basic horizon­
tal curvature equation and are not the 
rounded values for design. 

The results are also displayed in Figure 10 
~hich shows the percent change in the 
minimum radius as a function of a percent 
change in the side friction factor. It 
is evident from the figure that: 

• As f decreases for a given value 
of e, R increases non-linearly. 
That is, the radius, R, becomes more 
sensitive to a change in side fric­
tion factor, f, with increasing 
values of f. 

• Conversely as f increases for a 
given value of e, R decreases non­
linearly. That is, R becomes less 
sensitive to a change inf with 
ever increasing values off. 

• Sensitivity of R with respect to a 
change inf increases with decreas • 
ing values of e. 

Consequently, the sensitivity of the stand­
ard, i.e. , horizontal curvature as ex­
pressed by minimum radius, must be stated 
in terms of its value of design speed, 
superelevation and side friction factor. 
For example, in the case of V • 70 mph 
(113 km/h), e • 0.08 and f • 0.10, a 
+10 percent change in the side friction 
ractor, f, would result in a 5.2 percent 
decrease in the minimum radius (for 
+10 percent) and a 6.0 percent increase 
In the minimum radius for a -10 percent). 
An extreme change of +50 percent would 
yield corresponding cnange of -21.7 
percent and +38.5 percent. Even the lower 
values are appreciable changes and would 
have significant economic consequences 
when evaluated on the basis or-construc­
tion costs. 

Exclusion Analysis 

The next question co resolve is how those 
motorist who are being excluded by the 
current driver characteristic specifica­
tion are affected. Answering this ques­
tion assumes that we know the driving 
population distribution of the character­
istic and how the current specification 
relates to this distribution. Neither of 
these are valid assumptions. 

As argued earlier, the driver characteris­
tic involved here is the notion of driver 
comfort. Since this is not easily 
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TABLE 28--Changes in Minimum Radius for Changes in 
Side Friction for Two Value of e and v 

Design I 4 from New f · New % A from 
Values f Value Rf1!Ys Standard 

e .. 0,08 +50 0,240 188 -24.8 
R • 250 ft* +40 0.224 197 -21.2 
f • 0.16 +30 0.208 208 -16.8 
V • 30 mph +20 0.192 221 -11.6 

+10 0.176 234 - 6.4 
-10 0.144 268 + 7 .2 
-20 0.128 288 +15.2 
-30 0.112 313 +25.2 
-40 0.096 341 +36.4 
-50 0.080 375 +50.0 

e • 0.08 +50 .15 1420 -21.7 
R • 1814* +40 .14 1485 -18.1 
f • 0 .10 +30 .13 1556 -14.2 
V • 70 mph +20 .12 1633 -10.0 

+10 .11 1719 - 5.2 
-10 .09 1922 6.0 
-20 .08 2042 12.6 
-30 .07 2178 20.1 
-40 .06 2333 28.6 
-so ,05 2513 38.5 

. 
2 *Radius are calculated values from equation I• V 

--:,o-:---
15 ( e + f) 

Design % A 
Values from f 

e • 0.10 +50 
R • 231* +40 
f • 0.16 +30 . 
V • 30 +20 

+10 
-10 
-20 
-30 
-40 
-so 

e • 0.10 +50 
R • 16331 +40 
f • 0.10 +30 
V • 70 mph +20 

+10 
-10 
-20 
-30 
-40 
-50 

The SI (metric) conversions are 1 ft• 0.3 m and 1 mph• 1.61 km/h. 

New f New % .4 from 
Value ~1~r Standard 

0.240 176 -23. 8 
0.224 185 -19.9 
0.208 195 -15.b 
0.192 205 -11.) 
0.176 217 - 6.l 
0.144 264 6.5 
0.128 263 13.9 
0.112 283 22.5 
0.096 306 32.5 
0.080 333 44.2 

.15 1307 -20.0 

.14 1361 -16.7 

.13 1420 -13.0 

.12 1485 - 9.l 

.11 1556 - 4.7 

.09 1719 5.) 
• 08 1815 11.l 
• 07 1922 17.7 
.06 2042 25.0 
,05 2178 33.4 
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~easured we have selected side friction 
factor, f, as its surrogate. The side 
friction factors chat are specified in 
the horizontal curve formulae were, pre­
sumably, selected as those" ... at which 
the centrifugal force is sufficient to 
cause the driver to experi"ence a feeling 
of discomfort ... " ',lhether chese values 
are for all drivers, 85 percent, or the 
average driver is noc known. Since this 
feeling of discomfort is likely to vary 
a~ong drivers and for any one driver 
with different vehicles, le is difficult 
co state who, if any. are being excluded 
under the current specification. 

Critique of Specification 

For reasons explained earlier. side fric­
tion factor is being evaluated as the 
driver characteristic. The specifica­
tions for side friction factors vary 
from 0.10 co 0.17 depending upon design 
speed. 

It is repeated here that the underlying 
assumption for selection of the current 
side friction factors is that they are 
related to the motorists threshold of 
discomfort. Since we do not know if 
these side friction factors values used 
are applicable for current vehicles, ic 
cannot be stated whether the specifica­
tions are too stringent or too uncon­
strained. Arguments have been presented 
earlier for both cases. 

It is apparent that horizontal curvature 
standards are sensitive co a change in 
the side friction factor. At lease suf­
ficiently so to -warrant further research 
into evaluating the relationship of side 
friction factor, driver comfort and 
~inimum radius. In this regard, it is 
recognized that FHWA has initiated a 
research project entitled "Side Friction 
for Superelevation on Horizontal Curves" 
which should resolve this issue. 

SIGH"!' DISTA.~CE MEASURING CRITERIA 

The sensitivity of sight distance to the 
driver characteristic, eye height, has 
been discussed previously under the head­
ing Ctesc Vertical Curve Length. That 
sensLtlvlcy analysis deals strictly with 
the issue of whether or not a driver's 
physical line of sight to an object is 
obstructed. Of equal importance is 
whether or not the driver's visual 
capabilities enable the driver co 
actually perceive an object within the 
field of view ahead. The following 
analyses address this issue for both 
day and night conditions. 
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Dayti~e Visibility Conditions 

A series of calculat~ons were ~ade for 
this study which estimate distances 
at which objects become visible to a 
driver of a vehicle. The calculations 
are based on :wo types of objects 
viewed against a pave~ent of average 
reflectance (0. L5). The first 
o~ject has reflectance of 0.60 which 
corresponds roughly to a whitish rock or 
a light grey coat. The second object 
has a reflectance of 0.20, something like 
a dark rock, a dark grey coat or a tire. 
The calculations ignore several real-world 
factors which introduce coo many complica­
tions for a study of this scope, such as, 
at~ospheric attenuation, inclement weather, 
and lighting geometry. The visual acufty 
distribution develooed previously in this 
Chapter III was used in the calculations. 

The following is a brief summary of 
how the visibility calculations can be 
applied in the case of two different 
sight distance standards--stopping 
and passing. 

Table 29 lists the computed values at the 
AASHTO design stopping sight distances. 
The target sizes which can be detected 
by the median (50th percentile) driver 
range from 0. 35 i.nches ( 9 mm) for a hi6h­
contrasc target at 200 feet (61 m) to 
4.04 inche1 ( 103 rmn) for a low-contrast 
target at 850 feet (259m). For the 85th 
percentile driver, these values range from 
0.39 inches (10mm) to 4.98 inches 
( 126 mm); and for the 95th percentile 
driver, the limits are 0.43 inches 
(llr:im) and 5.49 inches (139 =). In 
other words, at the desirable design stop­
ping sight distance for a 70 mph (112 km/h) 
design speed, 850 feet (259m), the 95th 
percentile driver can detect low-contrast 
targets which are 5.49 inches (139 mm) 
high or larger. 

Passing sight distance standards are sig­
nificantly greater than those for stopping 
sight distance. As was described in detail 
earlier under Passing Sight Distance, both 
the :-11.:TCD ( 3 ) and AASHTO ( 5 ) recoramend 
passuigsighc distance standards and these 
standards differ from each other. Table 
JO lists the computed minimum detectable 
object heights at both the MUTCD and 
AASHTO passing sight distances. These 
values range to as high as 16.2 inches 
(0.41m) for the 70 mph(llJ km/h) driver 
attempting to sight a low-contrast car-
get at the MSHTO passing sight distance. 



C0 
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m~ 

30 

40 

.50 

60 
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TABLE 29--Sizes of Objects Which Can be Sighted 
at the Design Stopping Sight Distances 

Design Stopping Diameter of Circular Object Which Can be Sighted at Stopping Sighting 
Sight Distance, Distance by Various Percentile Drivers, in 

ft High-Contrast Target L:>w-Contrast Target 
50th %He d5th %ile 95th %ile 50th %He 85th ~He 95th ¾ile 

200 0.35 0.39 0.43 0.95 1.17 1.29 
27.5 (min) 0.48 0.53 0.59 1.31 1.61 1.7d 
J2.5 (des) 0 • .56 0.6.5 0.69 1.54 1.90 2.10 
400 (min) 0.69 0.78 0.85 1.90 2.34 2.Sd 
47.5 (des) 0.82 0.92 1.01 2.2b- 2.7d 3. 07 
.525 (min) 0.91 1.02 1.12 2.49 3.08 J.J'J 
6.50 (des) 1.12 1.2b 1.38 3.09 3.81 4.20 
625 (min) l.Od 1.21 1.33 2.97 3.66 4. 04 
8.50 (des) 1.47 l.o.5 1.81 4. 04 4. 9H 5.49 

Note: The actual contract for the high-contrast target is 3.0 and for the low-contrast target is 0.3 
where contrast• difference of the reflectance of the target and road divided by the reflectance 
of the road. 

The SI (metric) conversions are 1 mph• l\61 km/h, 1 ft• 0.3 m, and 1 in• 25.4 am. 
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Design Passing 
Speed, Sight 

mph Distance, 
ft -

Hl.n'CD 

30 500 

40 600 

50 HOO 

bll 1000 

70 1200 

AASKI'O 

Ju llJO 

40 1500 

50 1800 

60 210U 

70 2500 

TABLE 30 --Sizes of Objects Which Can be Sighted 
at the Passing Sight Distances 

Diameter of Circular Object Which Can be Sighted at Passing Sight Distance 
by Various Percentile Drivers, in 

High-Contrast Tarset Low-Contrist Tacg~t 
50th %ile d5th %ile 95th %ile !>0th lile d5th %ile 95th :tile 

0.9 1.0 1.1 2.4 2.9 3.2 

1.0 1.2 1.3 2.8 3.5 ).9 

1.4 1.6 1.7 3. ts 4.7 5.2 

1.7 1.9 2.1 4.d 5.9 o.5 

2.1 2.3 2.b 5.7 7.0 7. tJ 

1.9 2.1 2.3 5.2 b.4 7.1 

2.6 2.9 ).2 7.1 H.H 9. 7 
).1 ).5 3.8 8.6 10 . .S 11.6 
J.b 4.1 4.5 10.0 12.3 l).b 

4.3 4.8 . 5.) 11.9 14.b lo.2 

Note: The SI (metric) conversions are 1 mph• 1.61 km/h, 1 ft• 0.3 m, and 1 in• 25.4 nan. 



Limited Visibility Conditions 

Any design standard that involves driver 
vision will be affected by limited visi­
bility conditions, i.e. , night t imel./. The 
degree of luminance of the obiect to be 
sighted and its contrast with its back­
ground. For example, a self-illuminated 
object such as an automobile with head­
lights turned on can usually be perceived 
at a greater distance during limited 
visibility conditions than a non-illumi­
nated vehicle during the daylight. How­
ever, there are indications in the 
literature that other elements of the 
perception-reaction time driver charac­
teristic may be adversely affected. For 
instance, judgment of the speed of an 
oncoming vehicle (auto or train) is made 
more difficult when the sole reference 
for this judgment is the movement of a 
headlight within an otherwise uniform 
dark background. This is because of the 
lack of other visual cues which would 
provide a reference point to judge the 
speed. 

The analysis of the effect of limited 
visibility conditions on geometric design 
criteria does not cover standards whose 
object is self-illuminated because it is 
assumed that the current standards are 
sufficient. Instead, the analysis 
focuses on those geometric design stand­
ards whose objects are not self­
illuminated such as pedestrian or debris 
in the roadway. Basically, these stand­
ards are all those which are a function 
of stopping sight distance. 

A number of researchers have measured 
visibilit distances to edestrians dur-

ng nLg ttlme con tens us ng standard 
U.S. low beams, with no fixed ambient 
ligh~ing, and with no oncoming glare. 
Desptte these commonalities, the various 
test procedures used by the researchers 
introduced relatively significant dif­
ferences in what the researchers were 
actually ~easuring. For example, in only 
ewe of the 14 research efforts reviewed 
were the drivers/observers "unalerted" 
to the possibility of a pedestrian 
appearing in the path of the vehicle. In 
each of the other 12 field tests the 
drivers were aware that a pedest;ian 
(or a simulated pedestrian) probably 
would appear and were thus "alerted" to 
that possibility. Field tests show chat 
the average driver perceives an unexpect­
ed obstacle only half as far as from an 
expected obstacle (88). 

!/Visibility c:an 
rain, snow, etc. 
tions are not to 

also be limited by fog, 
However, these condi­

be addressed here. 
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The reported visibility distances from 
14 separate research efforts are plotted 
versus pedestrian reflectance in Figure 
11. The figure includes distances for 
both high and low beam observations. 

Despite mixing the results of somewhat­
dissimilar field tests, the plot does 
exhibit a definite trend for the upper 
values of ·• low beam" values. It should 
be noted that the "unalerted driver" tests 
conducted by Roper and Howard (88) fall 
within the shaded "approximate maximum 
range" of values. Granted, this approach 
for estimating maximum visibility dis­
tances falls short scientifically of a 
step-by-step modelling procedure which 
reflects all the driver, vehicle, and 
environment elements which affect the 
visibility distance. The Highway Safety 
Research Institute (89) and Ford Motor 
Company (90) have indeed developed quite 
refined models for estimating visibility 
distances. However, these models are 
calibrated from some of the field test 
results presented in the graph (rather 
than from theoretical or laboratory test 
results). In fact both models project 
values which fall within or just below 
the shaded maximum range. 

Farber (90) measured typical reflectances 
for pedestrians and found that the median 
pedestrian ha~ 8 percent reflectance, the 
85th percentile has 2.5 percent reflectance, 
and the 15th percentile has 25 percent 
ref17cca~ce. These reflectances are plot­
ted Ln Figure 12 along with the estimated 
"maximum range of visibility distances" 
a~d cur:ent design standards for stopping 
~Lght di.stance. Based on this comparison 
1.t appears that the 85th percentile pe­
destrian can be seen at best at approxi­
m~tely the 40 _mph (64km/h) stopping sight 
dLstance. DrLvers trav~lling faster than 
40 mph (64 km/h) will probably not be able 
to see the 85th percentile pedestrian in 
time enough to stop. In the case of the 
median pedestrian, sight distance is still 
not much higher than the 40 mpn (64 km/h) 
design standard. 

The presence of oncoming glare inhibits 
the driver's ability co see a target. 
Figure 13 is a plot of field test visi­
bility distances in the presence of on­
coming glare as reported in 10 research 
efforts. As expected, the "glare'' vis i-
bi lit v distances are lower than the "no 
glare" values. Not even at higher pe­
destrian reflectances is the 40 mph (64 km/h'. 
design distance (325 feet,99m) satisfied; 
and in the range of 2.5 percent reflec­
tances (the 85th percentile value), 30 mph 
(48 km/h) travel speed may not even be slow 
encugh in the presence of oncoming glare. 



900 

800 

700 

600 

500 

400 

JOO 

100 

0 

0 

0 

60 mph 

• 
• 

• 

• 
40 :nph 

• 

• • 
0 

0 

30 m;,h 
Stopping Sight :list a: 

• Design Values 

15th P ercer:t ile Pedestrian Reflectance 

50th Percentile Pedestrian Reflectance 

85t h Percent L!.e Pedestrian Reflectance 

10 20 JO 40 50 60 70 

PEDESTRIAN REFLECTANCE,% 

FIGURE 11--Approximate Maximum Visibility Distances to 
Pedestrians During Nighttime Conditions Based on 
Actual Pedestrian Reflectance Oistribtuions 

The SI (metric) conversions are 1 ft= 0.3 m. 
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In awmury, :.viw of over 28 research 
efforts vhicb produced ni9btti.aa viai• 
bility distance -uur ... nu indicate• 
a• expected, tb&t •ight diatance to no11• 
aelf·illumi.nat•d objects i• reduced at 
ni9ht froa daylight •ight di•~c••· 
MO•t of the reaearched field te•t• rep­
reaent optilllwa condition•••no oncoming 
9lare1 a driver/obaerver alerted to th• 
vehicle'• path during the te•t1 flat, 
tangent roadway aection, and• func• 
tioully••tandard headlamp ay•t-. De■• 
pite th•■• optimum conditiona, the fi■lcS 
teau •ugge■t that it 1■ not poHible to 
adequately ■ight ~jecta beyond approxi­
mately the 50 mph (10 laa/h) da•iraole 
■toppinq eight distance standard. And 
in fact, once aCIM real vorld factor■ 
(like glare, curvea, mi•ai.mad headlamp■) 
are introd1.1ced, apeeda of 30 and 40 mph 
( 48 and 64 km,/hl bacoma IDOr■ and more 
often too fut for driver/vehicle cap&• 
biliti.H. 

The.re are buically t.b.r .. optional 
•tbQd■ for improviQ,J llightti.ma vi•ibi• 
li ty diatance• 1 change the environmental 
ch&racteriatica, c~e the vehicle char­
&cteri•tic•, or ch&nqa the driver ch&rac­
teriatica. 

One change to the enviro~nt vhich vo1.1ld 
enhance night viaibili ty i• th• install&• 
tion of fixed ambient illl.lm.ination. 
Obvioualy, thi• vould not be a coat­
effective -a•1.1re if applied universally 
b1.1t more could certainly be done and 
atill be coat-effective. Another change 
to th• night drivin9 enviro~nt which 
vould improve night viaibility ia • shift 
in the diatribution of pedestrian reflec­
tance• to higher value•. P•de•triana 
vhich ara 25 percent reflective (light 
grey) can be •••n approxim&tley 250-300 
feet (75-91 ml f1.1rther tb&n a pedestrian 
wearing clothing at th• current 85th 
percentile val1.1e of 2.5 percent. Thi• 
represent• an over 100 percent increue 
in visibility di•tance. A third -an■ by 
which the environment could be changed 
to enhance llifbt viaibility i• to deaign 
9lare-reducing •~cture• into highvay 
faciliti••• Oil expre•aw•y•, thi• action 
can be and bu been accomplished by -an• 
of glare •cr .. n•1 however, on 2-lan• 
or undividad arterial•, glare reduction 
via change• in the highway •Y•tea i• a 
much difficult and costly endeavor. 

The second -jor option for illprovin9 
ni9httime vi•illility diatance• 1• to 
ch&n9• vehicle characteri•tic•. One 
such _ method ia to increue the head.lamp 
intensity or redirect th• headlamp aim 
to provide longer eight distance. The 
inherent probl- to thi• approach 1• 
that it ■ignificantly incr••••• glare 
de9radation effect• for oppo■in9 vehicle• 

if the current headlamp syat- i• u•ed. 
An alternative approach ia the polarized­
haadlamp ay•t- which underwent in-depth 
analy•i• a f- year■ ago. However, full­
■cale practically eliminate• any advar■e 
effects from oncoming glare. However, 
full-•c•l• impl-nt&tion of• polarized 
head.laap •Y•tea ia a long vay from 
reality due to ■tl.lmblin9 block■ auch a• 
coat and tran•ition-period safety con­
carna. 

Tba third option for improving the aafaty 
of current nighttime vi•illility di■tancea 
1• to change the driver' ■ ch&racteri•tica. 
aaaically, thi• can be accompliahad by 
reducin9 driver perception•brllk• reaction 
ti.ma, perh&p■ by alertin9 driver■ of the 
likelihood of an object (a.9., pedeatrian) 
appearin9 in the path of the vehicle. 
The practicality of audl a technique i•, 
of courae,quite limited in terms of warn• 
inf 1DOtoriat■ of all potential objects 
in the roadWay. Another potential ---­
ure for improvin9 ni9bttiae a&fety i■ 
to reduce vehicle apeeda to the point 
where vehicle •toppin9 eight di■tance 
aquala th• actual nigbttiaa viaibility 
diatanca. However, only a limited ■-aunt 
of highway ailaap h&a been obaened to 
have day/night •pe•d li.mit•• 

~TB GAP TIME roa SCBOOL CROSSING 
fe SIGNAL Wiiuwrr 

S•naitivity Analy•i• 

The effact of a change in the pedHtrian 
perception-reaction ti.ma on th• adaquat• 
gap ti.ma i• the •ubject of tba firat 
aanaitivity analy•i• •••umi.n9 all other 
factor• ara independent of the peda■trian 
perception-reaction time (a,9., they re• 
main conatant even if the ■pacification 
of the perception-reaction tima ia ch&ng• 
edl, th• ••n•itivity of the adequata ti.ma 
with respect to the peda•trian percaption­
raaction tima ia: 
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Chang• in G • l (L6) 
Cb&n9e In t 

wlMrei G • Adequate gap tima, aac 

t • pede•trian perception-reaction 
tila, aec 

Thi• -an• that the rate of c:b&ng• in 
tha adequate gap tima with re•pect to• 
ch&n;e in tha peda•trian perception• 
reaction tiaa i■ conatant. In aillpler 
terma, • one ••cone! incraue in the ped­
••trian perception-ruction tima caua•• 
a one ••cone! incr•a•e in tha adequate 
gap time. By dividing both aide• of thia 
equation by the adequate 9ap time, th• 
fractional rate of cb&nge in the adequate 
gap tima with respect to a chan9e in the 



pedestrian perception-reaction time can 
be derived. In mathematical terma; that 
is: 

6.G/6.t 
G 

l 
• C 

l 
t + w + btR-U 

V 
(ll) 

where: W • width of the roadway, ft (ml 

v = walking apeed, fp■ (mph) 

N • number of rows 

h • time interval between rowa, 
sec 

The fractionsl rate of change in the ade­
quate gap time with respect to a change 
in the pedestrian perception-reaction 
time is, therefore, a function of the 
current specification■ of the pedeatrian 
perception-reaction time and the walk­
ing speed, the width of the roadway, the 
number of pede■trian■ in the 85th per­
centile group, and the a■aumed time 
interval between row■ of 5 pede■trians. 
This fractional rate of change is shown 
in Figure 14 as a function of the road­
way width and the number of row■• The 
figure show■ that the rate of change 
in the adequate gap time with respect to 
a change in the current pedestrian 
perception-reaction time diminiahe■ as 
the number of rows and/or roadway width 
increase. In other words, the effect 
of a change in the pede■trian perception­
reaction time on the adequate gap time 
is less pronounced for wide roadways 
and/or intersections where many child­

ren cross. 

The second analysis inveatigated the 
effect of a change in the walking speed 
on the adequate gap time. Assuming all 
other factors are independent of the 
walking speed, the sensitivity of the 
adequate gap time with respect to the 
walking speed is: 

Change in G -w 
Change 1.n V • ~ 

This means that the magnitude of the rate 
of change in the adequate gap time with 
respect to a change in the walking speed 
is not constant but increase• as road­
way width increa■e■, and that change is 
in the negative direction. For·axample, 
al fps (0,3 m/s) increase in the walking 
speed causes a 0.8 second decrea■e in the 
adequate gap time for a 12 foot (3.7 m) 
wide road and a 5.3 second decrease in 
the adequate gap time for an 84 foot 
(25.6 m) wide road. By dividing the 
above equation by the adequate gap time, 
the fractional rate of change in the 
adequate gap time caused by a change in 

the walking speed can be derived. In 
mathematical terms that is: 

•Gl•v -W ____ -W;;....___,, __ _ 

-G- • Gv2 • (.c + h(M-l)J v 2 + Wv 

The fractional rate of change in the ade­
quate gap time with respect to a change 
in the walking apeed is, therefore, a 
function of the current specification■ in 
walking speed, the pede■trian perception­
reaction time and the time interval be­
tween row■, the width of the roadway, and 
the number of rows. The fractional rate 
of change in the adequate gap time with 
respect to a change in the current walk­
ing speed ia shown in Figure 15 a■ a 
function of the roadway width and the 
number of rowa. Thia figure ahow■ that 
the rate of change in the adequate gap 
time with reapact to a change in the 
current walking apeed dimini■he■ a■ the 
number of row■ increa■aa and/or the road­
way width decrea■a■• In other word■, the 
effect of a change in the walking apaed 
on the adequate gap time i■ lea■ pro­
nounced for narrow roadway• and/or inter­
aection■ where many children cro■a. 
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The third analyai■ inveatigated change■ 
in both the pedestrian perception-reaction 
time and the walking apeed. The quaation 
that this analyaia sought to answer wa■ 
simply, •In order for the adequate gap 
time to remain unchanged, by how much does 
the pedeatrian perception-reaction time 
have to be changed if the walking speed 
is changed?w If the adequate gap time i ■ 
assumed to be conatant and, for this analy­
aia, independent of the walking speed and 
the pedestrian perception-reaction time, 
then the pedestrian perception-reaction 
time can be expressed as the following: 

w 
t =- G - V - h(N-1) (!Q_) 

The derivative, then, of the pedestrian 
perception-reaction time with respect to 
the walking speed is: 

The magnitude of the rate of change in 
the pedestrian perception-reaction time 
with respect to a change in the walking 
speed ia equal to the rate of change in 
the adequate gap time with reapect to a 
change in the walking ■peed. However, 
the change in the pedestrian perception­
reaction time is in the positive direc­
tion. Thia means that al fps (0.3 m/s) 
increase in the walking speed rea~lt■ in 
a 0.8 second increaae in the pedestrian 
perception-reaction time for a 12 foot 
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(3.7 m) wide road and a S.J second in­
crease in the pedestrian perception­
reaction time for a 84 foot (25.6 ml 
wide road. ay dividing the derivative 
by the pedestrian perception-reaction 
time, the fractional rate of change on 
the pedestrian perception~eaction time 
~ith respect to a change in the walking 
speed can be derived. In mathematical 
terms, that is: 

The fractional rate of change of the pe­
destrian perception-reaction time is, 
therefore, a function of the width of 
the roadway, the current specification 
of the pedestrian perception-reaction 
time, and the walking speed and is inde­
pendent of the number of pedestrian■ in 
the 85th percentile group. Figure 16 
show• that the rate of change in the 
pedestrian perception-reaction time with 
respect to a change in the current walk­
ing speed greatly increases at a constant 
rate as the roadway width increase■• As 
can be seen from Figure 16, if the speci­
fication of the walking speed is changed 
by only a small percentage, in order for 
the adequate gap time to remain constant, 
the specification of the pedestrian 
perception-reaction time must be changed 
by a much larger percentage. If the 
adequate gap time is to remain constant, 
then the pedestrian perception-reaction 
time is very sensitive to a change in 
the walking speed. Conversely, the walk­
ing speed is very insensitive to a change 
in the pedestrian perception-reaction 
time. Moreover, the adequate gap time 
is more sensitive to a change in the 
walking speed than a change in the pe­
destrian perception-reaction time. 

ixclusion Analysis 

Without reliable data, it is not possible 
to estimate the percentage of school 
children having perception-reaction time 
longer than the current specification of 
J.O second■• Consequently, it i ■ not 
possible to a ■■e■■ the exclusion effect■• 
It could be argued that younger school 
children, •special children•, and handi­
capped school children may have 
perception-reaction time ■ longer than 
3.0 seconds. In which case, they may be 
excluded. Yet, there is no available 
data to substantiate that argument. 
Moreover, it is also likely that these 
children would be assisted in crossing 
the intersection. 

The only available data on the walking 
speeds of children and/or student■ 

appear to indicate chat children walk 
faster than adults (81), and the average 
"free flow" walking speed is greater than 
the current specification of J.5 feet per 
second (1.07 m/sl. One study (84) noted 
a "free flow" speed of 5.J fps (1.6 m/a) 
and another atudy (81) found a median 
speed of 5,25 fps (l.6 m/s). This data 
would indicate that very few school 
children are excluded. However, not 
enough information (e.g., sample size■ , 
conditions exiating during data collec­
tion, location and type of intersections 
analyzed, range in age ■ of children/ 
students, etc.) is availabl• about theaa 
studies to uae them al a baais eo formu­
late di ■tribution profiles. 

Reliable data was available for adults, 
though. The distribution developed from 
this data revealed that the current 
specification employed in the standard 
is the 88th percentile adult walking 
speed. Using this distribution for a 
conservative estimate of the walking 
speeds of school children, only 12 per­
cent of the population of school children 
who cross at intersections would be 
excluded. This does not mean that 12 
percent cannot cross the intersection 
safely buc rather that the walking speeda 
of those school children are not consid­
ered in determining the adequate gap time. 
If these speeds were employed, the ade­
quate gap times would be longer. Subse­
quently, more of the gaps measured in 
the field would be discarded, resulting 
in a higher calculated percent pedestrian 
delay time. The end result would be that 
more intersections would warrant some 
type of traffic control. By not design­
ing for this 12 percent, there may be 
fewer intersections that warrant traffic 
control but more positive economies of 
scale. For example, the rate of return 
of the dollar invested for signal control 
will be much greater if designing for 
the 88th percentile rather than the 100th 
percentile. 

Critique of the Specifications 

As previously stated, there Ls no avail­
able data to compute any population dis­
tribution profile for the pedestrian 
perception-reaction time. Therefore it 
is not possible to determine if the ' 
specification is too conservative or too 
liberal. Based on the findings related 
to the driver's perception-reaction time 
for the intersection sight distance 
standard, it would appear that the cur­
rent specification of 3.0 seconds is a 
reasonable pedestrian perception-reaction 
time. Moreover. based on the sensitivity 
analysis, the adequate gap time is not 
very sensitive to the pedestrian perception­
reaction time. 
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The data on children/students' walking 
soeeds is not reliable enough to serve as the basis for the distribution pro­
file. The findings of ona study (Bl) in­
dicated that children walk faster than 
adults, although it is unknown under 
what conditions those res~lts were deter­
mined. Using a distribution for adult 
walking speed, the present specification 
of 3.5 fps (1.07 m/s) is neither too con­
servative not too liberal. In fact, it 
closely approximates the 85th percentile 
adult walking speed. It should be noted, 
however, that the adequate gap time is 
somewhat sensitive to changes in the 
specification of th• walking speed, 
especially at wide intersections. 

VEHICLE CHANGE INTERVAL FOR TRAFFIC 
SIGNALS 

Sensitivity Analysis 

The sensitivity of both yellow change 
and minimum clearance intervals t0 changes 
in the driver characteristic perception­
reaction time can be calculated by taking 
the first derivative of equations (J,Jl 
and (ig), For each, the direct sensi­
tivity rate isl. That is, if percep­
tion-reaction time is increased by 0.5 
seconds, the yellow change interval (or 
the minimum clearance interval or the 
yellow clearance interval) is likewise 
increased by 0.5 seconds. The estimated 
85th percentile value for perception­
brake reaction time at yellow signal 
phase changes is l.77 seconds. Therefore, 
in order for the 85th percentile driver 
to be accommodated, the minimum clear­
ance intervals as contained in the 
Transportation and Traffic Engineering 
Handbook (16) need to be increased an 
~ncrement of 0.77 seconds. 

Regarding the driver characteristic, 
"desired" deceleration rate, it was sh.own 
previously that a rough estimate of the 
driver's desire limit is 9.68 ft/s2 
(2.95 m/s2). Investigation into the 
effect of using a 9.68 ft/s2 (2.95 mjs2) 
deceleration rate rather than the current 
specification of 10 ft/s2 (3.05 m/s2J re­
veals that only vert small incremental 
changes in the change interval result. 

When the approach speed is 20 mph (32 km 
(32 km/h) a change in deceleration rate 
is 9.68 ft/s2 (2.95 m/s2) necessitates a 
0.048 second increase in the standard 
clearance interval. At 60 mph (97 km/h), 
the effect is still only 0.145 second. 

Exclusion Analysis 

The current standards for clearance in­
tervals are based on an assumed percep­
tion-reaction time l.O second and a de-
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celeration =ate of 10 ft/s2 (J.05 m/s2). 
7he distribution of the perception-brake 
reaction time as developed earlier is 
estimated to have a median value of 1.23 
seconds and an 85th percentile value of 
1.77 seconds for the general driving 
population, If we can assume that this 
distribution is relatively accurate, then 
over one-half of the driving population 
is excluded by the current standard due 
to a deficiency in their perception­
reaction time. It would be expected, 
therefore, that intersections with short­
er yellow signal phases would have a 
greater nwnber of vehicles entering the 
intersection on the red indication. The 
Wor~~an and Matthias (71) data confirms 
this hypothesis. At one intersection 
which permitted a perception-reaction 
time of 2.09 seconds (based on the mean 
speed of each of the last vehicles 
through the intersection) only 2.3 per­
cent of these "last vehicles• entered 
the intersection on the red indication. 
At another intersection, the allowable 
PRT was 0.58 second and 8.3 percent en­
tered on red. And finally an intersec­
tion which theoretically allowed a PRT 
of 0.08 second had a nearly 30 percent 
"enter-on-red" rate. Although this 
analysis is admittedly overly-simplistic, 
it nevertheless illustrates what intui­
tively should be expected to occur at 
signals with short (or long) yellow sig­
nal phase l~ngths. 

Critique of Specification 

Recent field tests and the laboratory 
simulations described earlier in this re­
port confirm th~t the current 1.0 second 
specification for perception-reaction 
time does not accommodate the "slowest" 
15 percent of the driving population. 
In fact, the field tests and simulation 
results indicate that the current speci­
fication may not even accommodate the 
"average" (mean or median) driver. In 
order to obtain a more definitive dis­
tribution of the driver characteristic 
than is currently availa.ble· from the one 
field study by Wortman and Matthias (711 
or from the aggregrated simulation re­
sults presented earlier in this chapter, 
it will be necessary to conduct exten­
sive field tests. An upcoming FHWA re­
search effort entitled "Engineering 
Factors Affecting Traffic Signal Yellow 
Time" should provide an adequate base 
from which to build an estimated popula­
tion. 

The current specification for decelera­
tion rate is 10 ft/s2 (3.05 m/s2). An 
approximation of the driver's desired 
limit is roughly the same as the current 
specification. The characteristic decel­
eration rate, however, is both a driver 



and a vehicle; characteristic. A thorough 
analysis of vehicle deceleration rate 
capabilities ia expected to be undertaken 
in the FHWA reaearch effort "Vehicle 
Character istica Affecting Highway Design•. 

PEDESTRIAN SIGNAL TIMING 

Sensitivity Analysis 

As has been shown by Abrama and Smith (72) 
the pede■trian WALK interval ia more a 
function of the pedeatrian queue than of 
an individual's perception-reaction time. 
Because the standard for the WALK inter­
val (4 to 7 seconds) ia wall above the 
expected range of perception-reaction 
time valuea, the WALK interval provide• 
sufficient time for all pede■triana to 
perceive the WALK ■ ignal and to react to 
it. The pedestrian'• ability to reach 
the cros■walk during the WALK interval 
is con■trained only by the impedance of 
other queued pedeatriana. Therefore, an 
analyai■ of the senaitivity of the atand­
ard (pedestrian WALK interval) to the 
pedestrian characteristic (perception­
reaction time) need not be developed. 

With regard to the pedestrian clearance 
interval (PCIJ standard, the instantane­
ous percentage chan~e in PCI per one fps 
(mph) change in walking speed is ■imply 
the negative inverse of the walking speed. 
Therefore, at a walking speed of 3.0 fpa 
(0.91 m/s) the instantaneous percentage 
change in PCI per l fpa (0.3 m/sl change 
in walking speed is -33.3 percent. At a 
walking speed of 4.0 fpa (1.2 m/a), the 
instantaneous percentage change is -25 
percent. 

It should be emphasized that the above 
sensitivity rates are instantaneous 
rates. The instantaneous rate per unit 
(e.g., 1 fps (0.3 m/sl) change in walk­
ing speed does not equal the actual 
incremental change if walking speed is 
changed 1 fps (0.3 m/s). The following 
sensitivity analyses deal atrictly with 
incremental (rather than inatantaneous) 
changes. 

Earlier in thia report, an estimated 
range of walking apead values was 
developed for various percentile• with­
in the pedeatrian population. These 
estimated walking value• correspond to 
the following percentage changes from 
the current specification, 4.0 fps 
(l.2 m/s). 

59th percentile• -2.5 to 12.5 percent 

85th percentile= -15 to -10 percent 

95th percentile= -25 to -22.5 percent 
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The effect of these percentage changes in 
the walking speed on the pedestrian clear­
ance interval are as follows: 

50th percentile• -11.1 to 2.6 percent 
change in PCI 

85th percentile• 11.1 to 17,6 percent 
change in PCI 

95th percentile• 29.0 to 33.3 percent 
change in PCI 

It is clear from these calculations that 
use of the 85th percentile value esti­
mate• results in a need for relatively 
significant increaaea in the pedeatrian 
clearance interval standard in order to 
acc01111110date the slower walking speeds. 

The percentage incremental changea dis­
cussed above are atrictly baaed on only 
the pedeatrian clearance interval. It 
differ• from the percentage change in the 
total cycle time available for a pedes­
trian croasing (clearance interval plui 
WALK interval). When the WALK interva 
i■ added, the relative effect of walking 
speed ia reduced, And aa street width 
increaaes, the aensitivity of the total 
cycle time to walking speed likewi~ 
increaaes, Baaed on assumed walking dis­
tances ranging between 30 and 90 feet 
(9.1 and 27.4 ml. 

• in order to accommodate the walk­
ing speed of the 50th percentile 
pedestrian, the current atandard 
for total pedeatrian cycle time 
needa to be changed between an in­
crease of 2 percent to a decrease 
of 8 percent; 

• in order to acco1D1110date the 85th 
percentile pedestrian, total cycle 
time needs to be increased between 
6 and 13 percent; and 

• in order to accommodate the 95th 
percentile pedestrian, total cycle 
time needs to be increased between 
15 and 25 percent, 

EXCLUSION ANALYSIS AND CRITIQUE 
OF SPECIFICATION 

The total amount of time available for a 
pedestrian standing within a queue at the 
curb to cross a signalized intersection 
is the sum of the 'lo.LK interval and the 
clearance interval. If the pedestrian 
steps off the curb before the end of the 
WALK interval and then walks at or above 
the walking speed specification, 4 fps 
(1.2 m/sl, the pedestrian will reach the 
middle of the farthest traveled lane 
before the end of the Flashing Don't Walk 
cycle. If the same pedestrian walks at 
a speed less than the 4.0 fps (1.22 m/sl 
specification, it is still possible for 



the pedestrian to reach the middle of the 
farthest traveled lane provided the pe­
destrian leaves the curb prior to onset 
of the pedestrian clearance cycle. The 
aznoWlt of time prior to the end of the 
WALK cycle which the slower walking pe­
destrian must leave ia a fWlction of both 
the·walking speed of the pedestrian and 
the width of the street. Figure 17 
illustrates this relationship for three 
representative street widths. For 
example, a pedestrian with a walking 
speed of 3.5 fps (l.07 Ill/a) i• attempt­
ing to cross a 66 foot (20.l ml wide 
street and thu.a needs to travel approxi­
mately 60 feet (18.3 m) in order to reach 
the middle of the farthest traveled lane. 
In order for the pedestrian to complete 
this maneuver, the pedestrian must step 
from the curb 2.l seconds prior tc the 
beginning of the 15 second• design 
clearance interval. If the WALK inter­
val ia 7 second■, the pede■trian has 4.9 
second• from the onset of the WAI.It in­
terval to leave the curb. For 36 and 96 
feet (11.0 m and 29.3 m) wide street■, 
the above pedestrian must leave 1.1 and 
3.2 seconds, respectively, prior tc the 
beginning of the clearance interval. 

Although the •1oosene■a• of the WALK in­
terval standard can in some instances 
help accommodate the slower pedestrians 
who otherwise are restricted by the 
standard for pedestrian clearance inter­
val, the exclusion effect■ of this latter 
standard should be evaluated baaed on the 
worst design condition. In this case, 
the worst design situation ia defined as 
a pedestrian stepping off the curb to 
cross the street at the precise moment 
the WALK interval terminates and the 
clearance interval atarta. It is recog­
nized that a significant proportion of 
the pedestrian population does not heed 
the Flashing Don't Walk indication and 
proceeds to leave the curb and cross 
the street even after the WALK interval 
ends. However, because these pedes­
trians are not complying with the in­
structions of the traffic control device, 
they do not fall within the design con­
straints. 

In the design situation for the clearance 
interval, a pedaatrian initiating a street 
crossing concurrent with the beginning 
of the Flashing Don't Walk cycle must 
walk 3t a speed of 4.0 fps (1.22 m/a) in 
order to satisfy the requirement■ of the 
standard (i.e., to reach the middle of 
the farthest traveled lane). A pedes­
trian walking slower than 4.0 fps 
(l.22 m/s) will not reach the middle of 
the farthest traveled lane. Figure 18 
illustrates where pedestrians with vari­
ous walking speeds are located at the 
end of the clearance interval. On a 96 
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foot (29,3 ml wide street, a 3.2 fps 
(0.98 m/1) pedestrian will still be two 
travel lanes away from the far curb when 
the clearance interval ends. On a 66 
foot (20.l m) street, a 3.6 fps (1.10 m/s) 
pedestrian ia over a full travel lane 
short of the far curb. The aeriousne■• 
of these shortfalls can best be under­
stood by examining the potential con­
flicts with vehicular traffic. 

The MUTCD calla for a clearance interval 
of aufficient length wto allow a pedes­
trian crossing in the crosswalk to leave 
the curb and travel to the center of the 
farthest traveled lane before opeosing 
vehicles receive a green indication" 
(emphasis added). In other words for 
combined pedestrian-vehicular signal 
phasing (which is the prevalent type of 
phasing used in the U.S.), the Flashing 
Don't Walk pedestrian signal and the 
amber indication of the vehicular traf­
fic signal end at the same moment. There­
fore, immediately prior to the end of 
the pedestrian clearance interval, the 
amber indication i■ illuminated signify­
ing that all vehicle■ should clear the 
inter■ection. However, neither the 
right- or left-turning vehicles are able 
to clear the intersection if a pede■-
trian i• still well into the vehicle 
travel lanes as could be the case even 
for a pedestrian walking at the design 
speed and who- legally left the curb on 
the WALR signal. For the slower walk-
ing pedestrian, the safety problem is 
further exacerbated by the greater 
shortfall from refuge at the far curb. 
The MUTCD states that the green indica­
tion for opposing traffic may be given 
immsdiately upon the end of the pede■-
trian clearance interval, Again, even a 
legally-crossing, design speed pedestrian 
is still one-half of a travel lane short 
of clearing the crosswalk at the end of 
the clearance interval. A vehicle ■top­
ped at the intersection and on the same 
aide of the intersection as the crossing 
pedestrian must delay acceleration upon 
the start of the green GO indication un­
til the pedestrian has reached the de■-
tination curb, In the case of a design 
speed pedeatrian (4.0 fp■ (1.22 mf■)), the 
time involved i■ 1,5 aecond• for 12 feet 
(2.7 ml travel lanes. In the case of a 
J.S fpa (1.07 m/s) pedestrian crossing 
a 96 foot (29.J m) street, the time in­
volved i■ 4.9 seconds. 

Application of the MUTCD standards at 
intersections using early pedeatrian re­
lease phasing, late pedestrian release 
phasing, or scramble timing is similarly 
affected by slower pedestrian walking 
speed■• 
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!c is difficult co escimace the distribu­
tion of pedestrians who are adversely 
i~pacced by the current specification 
for walking speed, 4.0 fps (1.22 m/SJ. 
Based on observations by Sleight (a2), 
just under 30 percent of the adult (non­
elderly) pedestrian population is ex­
cluded by che current specification; 
tlightly more than 20 percent of the el­
derly and only less than 10 percent of 
the children fail to meet the current 
specification for walking speed. Sruce 
(dJ) estimated that in general approxi­
mately 35 percent of the pedestrian pop­
ulation is excluded by the current speci­
fication. However, the exact proportion 
of the pedestrians crossing a particular 
screet who are not walking at a speed of 
4.0 fps (1.22 m/s) is entirely a site­
dependent function. The pedestrian den­
sity, che age breakdown of the pedes­
trians, che sex distribution of the pe­
destrians, the width of the screet and 
crip purposes of the pedestrians can all 
vary from one intersection to another 
intersection and from one time-of-day 
co another. 

SIGN LETTER HEIGHT 

Sensitivity Analysis 

Sign letter height ls determined from 
equation (25) with the implied driver 
characceriscic being visual acuity. For 
the purpose of the sensitivity analyses, 
letter legibility . .l, is used as a sur­
rogate for driver visual acuity since the 
standard for letter legibility represents 
che distance at which words (thus letters) 
are read in field conditions. 

The sensitivity of the standard with re­
spect to a change in the driver charac­
teristic can be detennined byj_ubstitut­
ii:'g values of H +AH and -'. +.A in equa­
c1on (~)where~ implies an incremental 
increase or decrease, and solve for H. 
The resulting equation simplifies co 

+ -LAJl. 
AH .J.CL.;. AJl) (il) 

The precedin1 equation can be solved for 
various increments of~. given values 
of L, .,R, and II. 

The results of the application of chi• 
formula for a given legibilicy discance 
of 700 feec (213m) can be seen in Table 31 
Change in the minimum letter height are 
detet"!Dined for +10 percent changes in cha 
lecter legibility factor. The results 
are also dLsplayed in Figure l9 which 
shows the percent change in the minimum 
letter heighc as a function of a percent 
change in letter legibility. It is 
evident from the figure chat: 
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• As .J.. decreases for a given value 
of L, _H increases non-linearly. 
That Ls, the letter height, H, be­
comes more sensitive co a change 
i~ hthde letter legibility factor, i, 
Wlt ecreasing values of J.. 

• Conversely, as .R, increases Eor a 
given value of L, H decreases 
approximately linearly. That is 
H becomes less sensitive co a ' 
change in R. with ever increasing 
values of ,.l. 

Consequently, the sensitivity of che 
standard for minim= letter height on 
highway guide signs is stated in terms 
of the leccer legibility fa,.ctor. ror 
instance, in the case of )I.. 2 SO, a 1.0 
percent increase in che letter legibility 
value,L , would juscify a 9 percent 
decrease in the minimum letter height, 
and a 10 percent decrease would require 
an 11 percent increase in the minimum 
letter height. Extreme changes of 50 
percent increase or decrease would 
necessitate corresponding changes of +100 
percent and -34 percent in letter height, 
respecitively. 

Exclusion Analysis 

The decreasing letter legibility values 
and their respective increased letter 
heights resulting from the sensitivity 
analysis (T~ble ll) are of practical 
significance to the design of highway 
guide signs when comparing che relation­
ship of the driver characteristic, visual 
acuity (in tet"!Ds of letter legibility), 
co the current lecter height standard. 
Equivalent static visual acuity scvres 
for letter legibility values were deter­
mined and are presented next to their 
corresponding letter legibility value 
in Table 31. The initial results indf­
cate that those drivers with less cha~ 
20/25 vision need more letter height 
to read highway guide signs than what 
~ay be currently provided chem by the 
standard. ·· 

In order to demonstrate the consequences 
of a letter height standard using a con­
stant of 50 Eeec of legibility distance 
per inch of letter height for hi5hway 
signs, Table 32 compare• the legibility 
distanc• required to read a sign 400 
feet (122 rnl in front of the hazard at 
55 mph (89 km/hl, and the actual legi­
bility distance given to drivers who 
have less than 20/25 visual acuity. 
The table also shows the reduced speeds 
necessary for these drivers excluded 
by th• standard to be able to read the 
sign using a letter (10.6 inches (269 m111) 
in this case) determined by the current 
standard. 
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TABLE 31--Changes in Letter Height for 
Changes in Letter Legibility 

New 
New R. Visual Acuity Letter Hgt. 
Value Eguivalent (inches) 

75 7.1 

70 7.6 

65 8.1 

60 20/20 8.8 

55 9.6 

(50) 20/24 (10.6) 

45 11. 8 

40 20/30 13.3 

35 15.1 

30 20/40 17-. 7 

25 20/50 21.2 

The SI (metric) conversion is l in= 25.4 mm. 
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FIGURE 19 --Percent Change in Minimum Letter Height as a 
Function of Percent Change in Letter Legibility 
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The comparison of required versus actual 
legibility distance for drivers with 
varying static visual acuity strongly 
indicates that 25 percent of the driving 
population may not be able to read high­
way guide signs at the distances neces­
sary to comfortably and/or aately de­
cel4rate to the point at which the next 
driving maneuver should take place. 
Legibility distances for this portion of 
the driving population range from a 20 
percent decrease in required legibility 
distance to a 60 percent decrease. 

It is very probable that many drivers 
compensate for poorer vision and thus 
shorter legibility distances (as a func­
tion of the current letter height stand­
ard) by driving slower than the 90th 
percentile speed. Table 32 reveals that 
a range of decreased speed from ll per­
cent to 35 percent would be required in 
order for drivers with less than 20/25 
vision to read the sign in enough time 
to decelerate comfortably and safely. 
The consequence of this probable com­
pensation would be the interruption of 
the flow of traffic to some degree (even 
in the right lane designed for lower 
speeds) by complicating and aggravating 
the driving responses of other motorists. 

Statis visual acuity decreases signifi­
cantly with age--especially at night-­
beginning at about age 50 and continuing 
with advancing age. The majority of 
20/20-20/25 drivers are younger drivers 
(<age 50). It is, therefore, noted 
that the current standard for letter 
height design on highway guide signs, 
which uses a letter legibility value of 
50 feet per inch of letter height, does 
not adequately consider the visual needs 
of the elderly, whose average letter 
legibility value is 26 feet per inch of 
letter height. The standard excludes a 
significant portion of the population-­
that of the elderly--which has been in­
creasing steadily per decade over the 
past forty years. It is also worthwhile 
noting that of those motorists driving 
under the design speed limit, many of 
them happen to be the elderly. 

Critique of Specification 

By directly relating letter legibility 
values to static visual acuity scores, 
letter legibility is being evaluated as 
the driver characteristic involved in the 
minimum letter height standard. From 
the sensitivity analysis, it is apparent 
that the minimum letter height standard 
is sensitive to a change in the letter 
legibility value. Of particular intere~t 
and concern, is the implication and 
ramification of decreasing values of 
letter legibility and the resulting sub-

tantial increases for letter height. 
Currently, the standard uses a daylight 
letter legibility value of 50 feet 
(15,2 m) of legibility distance per 
inch of letter height (versus a 33 foot 
(10,1 m) value obtained in nighttime 
studies (22)) for 20/25 drivers. Con­
sequently, because of the poorer vision 
(less than 20/25) of approximately 
25 percent of the driving population-­
comprised mostly of the elderly--further 
research is needed to evaluate the re­
lationship of static visual acuity dif­
ference and minimUJll letter height re­
quirements on highway guide signs for 
both day and night (using reflectorized 
letters and/or floodlights) conditions. 
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TABLE 32--Comparison of Required Versus Actual Legibility Distances 
. According to Driver Population Static Visual Acuity 

Letler Legibility, 
1, ft per inch 

Required l.egibility 
Uistance, ft, for 
55 mph 

Actual Legibility 
Distance, ft, 
using Current 
Standard (JO. 6 
inch, letter 
height) 

Reduced Speed, mph, 
Needed to ltl'ad 
Sign using 10.6 
inch Letters 

I 

20/20 
SSth %tile 

60 

';JO 

636 
(+106) 

---

20/2'; 
7Sth %tile 

50 

S-30 

530 
( 0) 

---

STATIC VISUAL ACUITY 

20/30 
8Sth %tile 

40 

53.0 

424 
(-106) 

(20% dee.) 

49 
(- 6) 

(11% dee.) 

20/40 
9Sth %tile 

30 

530 

318 
(-212) 

(40% dee.) 

42 
(-13) 

(24% dee.) 

20/50 
99th %tile 

25 

530 

265 
(-265) 

(50% dee.) 

39 
(-16) 

(29% dee.) 

The SI (metric) conversions are l ft a 0.3 -m: 1 in a 25.4 DID, and 1 mph= 1.61 lao/h. 

20/60 
100th %tile 

20 

530 

212 
(-3111) 

(60% d.-c.) 

36. 
(- L9) 

(35% dee.) 

20/70 
100th ?tile 

15 

530 

159 

(-]71) 

( 701. <lrc.) 

------
33 

(-22) 

(/10i. dee.) 



V -- SUM."lARY, CONCLUSIONS A.~D 
RECOMMENDATIONS 

The principal objectives of this study 
were: 

l. Identify highway de~ign and oper­
ation standards which are based on 
a driver or pedestrian characteris­
tic. 

2. Determine which of these standarda 
are sensitive to a change in the 
characteristic specification. 

3. Determine which current character­
istic specificationa are too liber­
al or too conservative given the 
estimated population distribution. 

4. Identify where further research is 
needed to better define the popula­
tion distribution of the character­
istic. 

This chapter addresaea these main concerns 
by SW!llllarizing the analysea presented in 
earlier chapter■, drawing conclusion■, 
suggesting modifications to the standards 
or specification, and recommending further 
research where deemed necessary. 

STANDARDS BASED ON DRIVER/PEDESTRIAN 
CHARACTERISTICS 

Highways and their controls and devices 
are designed on the basea of soma key 
parameters; namely, the current or pro­
jected volume and directional distribu­
tion of traffic, vehicle type and mix, 
the desired leve_l of service and speed, 
and the degree of access control. Once 
these parameters are set, then certain 
specific features can be designed. For 
example, sight distance requirements are 
determined from the desired design speed. 

In this regard, the driver or pedestrian 
is not a major design control. T"nat is 
to say.when the overall design type of 
a highway is being determined, the types 
and characteristics of the driver or 
pedestrian are not explicitly considered. 
To do· so would be to require the esta­
blishment of a design driver which is 
virtually impossible given the wide varia­
tion in hia/har performence depending upon 
the highway situation or the· ,?erson's con­
dition. 

Driver and pedestrian characteristics, 
however, are considered within the speci­
fic elements of highway geometric traffic 
operations and control design. A review 
of numerous manuals identified soma 13 
geometric design and S traffic control 
devices standards that explicitly con­
sider a driver or pedestrian characteris­
tic with an associated specification. 

These are noted in Tab le 2 and descr ib­
ed in Chapter II. The standards review 
also identified o~~er specific standards 
which implies a driver characteristic 
but for which there is no explicit con­
sideration and, of course, no S,?ecifi­
cation. An example of this would be any 
standard related to the visibility of a 
device. Implicit in these standard■ is 
the visual capabilities of the driver 
which are rarely specified. 

Aside from ident.fying standards which 
include a driver/pedestrian characteris­
tic, each standard was critiqued. Re­
commendations for modification of the 
standard or at least further examination 
are highlighted below. 

The differences between AASHTO design 
and MUTCD marking concepts for Passing 
Sight Distance should be examined with 
an eye toward developing a uniform 
approach which explicitly takes into 
account both driver and vehicle charac­
teristics. The current standards do not 
explicitly account for the actions of 
the driver in the passing maneuver. One 
potential technique would center on the 
"pass abort• situation which explicitly 
involves both driver and vehicle ch&rac­
teristics. 

The analysis of Case I, Intersection 
Sight Distance indicates a need for a 
revised methodology. The existing form­
ulation does not allow even a minimal 
margin of safety for a driver faced with 
an extremely hazardous situation at an 
uncontrolled intersection. It is recom­
mended that the methodology presented 
briefly in the text, or one that follows 
a similar approach, be employed as the 
revised methodology for computing Case I 
Intersection Sight Distance. 

The methodology recommended for use by 
AASHTO in determining Case II Intersection 
Sight Distance is sil!lply the use of stop­
ping sight distance for each leg of the 
minimum sight triangle. However, as was 
discussed in the previous chapter, the 
AASHTO methodology does not provide ade­
quate sight distance within which a vehi­
cle can be brought to a stop to avoid 
another vehicle. Instead the AASHTO 
methodology for Case II Intersection 
Sight Distance produces sight distance■ 
which will, in some instances, allow the 
driver only enough time anddistance to 
modify the speed of the vehicle (not 
brin~ it to a stop) before entering the 
uncontrolled intersection. Therefore, 
it is recommended that the Case II In­
tersection Sight Distance methodology 
be modified in order that the actions 
called for in the definition of Case II 
may actually be accomplished. The text 
provides an example of one such methodo-
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logy that could be used. 

The current methodology adequately de­
picts a driver's actions in situations 
described by the Case III Intersection 
Sight Distance standard. However, 
another equally valid approach would be 
_to use gap acce~tance as a criterion for 
determining minimum Case III (and Cases 
IV and V) Intersection Sight Distance. 
It is recommended that the feasibility of 
such an approach be determined by com­
paring it to the existing methodology 
for their impact on safe and efficient 
traffic flow. 

The Sight Distance Measuring Criteria of 
6 inctl(O.lSmJ obJect height for Stopfing 
Si~ht Distance and a 4.25 foot (l.30m 
obJect height for Passing Sight Distance 
have been the subject of debate for many 
years. It is recommended that the reason­
ableness of these criteria be re-examined 
with particular emphasis being placed on 
the issue of whether or not a driver is 
capable of detecting the "design object• 
at the "design distance". In addition, 
the analysis should address the issues of 

· criticality of sighting an object and 
frequency of an occurrence. 

It is recommended that the formulation 
for computing the Ade~uate Ga! Time for 
School Crossing Traffic Signa Warrant 
be re-evaluated. In particular, it is 
suggested that the evaluation focus on 
the history behind and the current 
validity of the assumption that pedes­
trians cross in rows of 5 with 2 seconds 
between rows. 

The current MUTCD standard for the Pedes­
trian Clearance Interval is intended"Eo 
provide sufficient time for the 4.0 fps 
(1.22 m/s) pedestrian to reach the middle 
of the farthest traveled lane. As has 
been demonstrated earlier in the text, 
this further compounds the difficulty 
experienced by slow walkers in crossing 
a signalized intersection. We were un­
able to trace the original justification 
for not designing for a full curb-to­
curb ~ro■sing. It is recommended that 
consideration be given to redefining 
the walking distance as the curb-to-curb 
or safe refuge distance. The current 
standard, by designing for an incomplete 
crossing, fails to provide for left or 
right turning vehicles which are attempt­
ting to clear the intersection at the end 
of their green "GO" cycle. 

STANDARDS THAT ARE SENSITIVE TO DRIVER 
CHARACTERSITCS 

A major concern of this study was to 
identify those standards which are sensi­
tive to a change in the driver character-
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istic 9pecification. In other words, 
what stancards would be significantly 
affected by a change in specification. 
This is of particular interest if it 
is further determined that the current 
specification is set too high or low 
for a given percentile of the popula­
tion. 

It should be recognized that sensitivity 
is a relative indicator with no precise 
demarcation as to when a standard is 
sensitive or insensitive. Very Large or 
small changes can easily ba termed sensi­
tive or insensitive, but it is not so 
obvious to describe the sensitivity where 
the standard changes by say 5-15 percent 
for a reasonable change in the specifica­
tion. Furthermore, the real measure of 
the sensitivity lies with ecornomic conse­
quences. For instance how much more will 
it cost if stopping sight distance stand­
ards are increased by 5 percent, LO per­
cent, etc? 

Having noted these concerns, the sensiti­
vity analysis presented in Chapter III 
identified that 1110st of the design and 
operations standards are deemed "sensitive• 
to realistic changes in the driver charac­
teristic specification. These include: 

Geometric Design 

• S~opping Sight Distance 
• Decision Sight Distance 
• Intersection Sight Distances for 

Case I and Case II 
• Railroad Grade Crossing Corner 

Sight Triangle 
• Crest Vertical Curve Length (due 

to Stopping Sight Distance) 
• Sag Vertical Curve Length 
• Horizontal Curvature 
• Lateral Clearance to Sight 

Obstructions on Horizontal Curve 

Traffic Operations 

• Adequate Gap Time for School 
Crossing Traffic Signal Warrant 

e Pedestrian Clearance Interval for 
Pedestrian Signal Timing 

• Vehicle Clearance Interval for 
Traffic Signals 

• Sign Letter Height 

DRIVER/PEDESTRIAN CHARACTERISTIC 
SPECIFICATIONS 

There are innumerable human characteris­
tics that are involved in all aspects of 
driving or walking. These characteristics 
can be categorized as physical, mental, 
sensory, and 1110tor factors. However 
when considering specific geometric de­
sign and operations standards, the only 
relevant human characteristics are as 



as follows: 

• Perception of objects 
• Visual capal>ilities 
• Physical reaction time for braking, 

shifting, etc. 
~ Eye height 
• Walking speed 

Diacuaaion of these characteristics 
and their distribution profile can be 
found in chapter III. 

A few general conclusions concerning 
driver/pedestrian characteristics and 
their current specifications are 
enumerated below: 

1. The physical and performance 
characteristics of the driver and the 
pedestrian have not been adequately con­
sidered in the various standards. For 
most standards the driver or pedestrian 
characteristic is either weakly supported 
by empirical research, incorrectly con­
sidered, or uses an inappropriate speci­
fication. Furthermore, for nearly all 
driver and pedestrian characteristics 
there is insufficient data to determine 
a reasonal>ly accurate estimate of the 
distribution profile for all drivers 
and pedestrians. This means that for 
moat of the specifications, it is not 
known with certainty what percentage of 
drivers or pedestrian■ are being excluded 
by the standard. 

2. The role of driver visual per­
formance ha■ been largely ignored in most 
design and operatians standards which in­
volve detection/perception/recognition 
of stationary and moving objects. The 
research presented in this study indi­
cates that the .95th percentile driver is 
capable of detecting a 6 inch (0.15 m) 
object at the current Stopping Sight Dis­
tance standard. However, whether or not 
the driver can recognize it as a 6 inch 
(0.15 m) object, vis-a-vis a 4 or 2 inch 
(0.10 or 0.05 m) object is questionable. 
But at the AASHTO and MUTCO passing sight 
distances, the estimated 85th percentile 
driver (based on visual acuity) is in­
capabile of detecting an approaching ve­
hicle as specified by the sight distance 
measuring criteria. Furthermore, with 
regard to nighttime visibility, the re­
search documented in this study provide■ 
strong evidence that drivers are incap­
able of detecting the vast majority of 
objects at Stopping Sight Distance design 
valu•s in the abs~nce of ambient lighting. 
This shortfall occurs on flat, tangent 
sections as well as on crest and sag 
vertical curves and on horizontal curves. 

3. There is a basic incompatibility 
between the minimum visual capabilities 
required for licensing of drivers and the 
visual capabilities of drivers assumed 
for design standards. In a majority of 
States a minimum static visual acuity 
level of 20/40 is all that is required. 
Testing of licensed drivers indicates that 
the 85th percentile driver is at about a 
20/33 level. In designing of sign latter 
size, a visual acuity better than these 
levels is assumed. For night driving, 
the problem is more severe as visual cap­
abilities under low illumination levels 
is much worse. Also, vision capabilities 
deteriorate with age, especially around 
60 years and older. The elderly continue 
to comprise an increasing percentage of 
the drivers. These factors lead to the 
need for a complete evaluation of the 
compatibility of the visual ability of 
the driver, design standards and driver 
licensing. 

Keeping in mind the results of the sensi­
tivity analysis, recommendations concern­
ing specific driver/pedestrian character­
istic■ are highlighted below. 

The current 2.5 second specification for 
perce~tion-brake reaction time has been 
used or Stopping Sight Distance and its 
derivative standards for horizontal and 
vertical curves for many years. It has 
been argued by others that this value 
is too low (e.g., Glennon (86)) and esti­
mates of the characteristic developed for 
this study support this claim. It is 
estimated that the 85th percentile value 
may be as high as 3.2 seconds. On the 
other hand, there is no strong documented 
evidence that the current minimum and de­
sirable stopping sight distances, which 
are based on 2.5 seconds, are inadequate 
or at least unacceptable on the grounds 
of safety. There might be justification 
for increasing the specification if the 
values estimated here are considered re­
liable. Before this is considered, 
further empirical research i&-needed to 
derive a more reliable distribution of 
perception-brake reaction time for the 
driving population. 

Estimates of perception-reaction ti.me 
for aeveral other standards have been 
developed for this study and indicate 
that the current specification values 
are inadequate. These standards are 
Intersection Sight Distance (Cases I 
and II), Railroad-Highway Grade Crossing 
Sight Distance and Vehicle Change Inter­
val. Each of these standards is sensi­
tive to changes in the value of percep­
tion-reaction time and thus it is import­
ant to validate as closely as possible 
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the proper value for the driver charac­
teristic. 

The specification value for Cases III, IV 
~nd v Intersection Sight Distance Eercep­
tion rsaction time, 2.0 seconds, s ou!d 
be retained but the current definition 

-of the driver characteristic should ce 
changed to reflect only one head movement 
which is a more accurate description of 
the driver's action. 

With regard to perception-reaction in 
general, there is a need for better em­
pirical data on the time related to 
detecting and reacting to: 

• an object in the road such as 
another vehicle, a pedestrian, 
or a "6 inch object• for stop­
ping sight distance; 

• a vehicle in the opposing lane 
for passing sight distance1 

• a vehicle approaching an inter­
section for intersection sight 
distance; and 

• a train approaching a crossing. 

Studies should consider alerted versus 
unalerted driver, age of driver, and 
effects of speed, time of day (day, night), 
ocation (urban, rural) and other in­
fluencing variables. 

There is no definitive data to support 
the present specification of the pedes­
trian perception-reaction time for the 
adequate Gap Time for School Crossing 
Traffic Signal Warrant. However, the 
specification does seem reasonable; and 
because of this, and the fact that ade­
quate gap time is relatively insensitive 
to a change in specification, data col­
lection is not necessary. 

By directly relating letter legibility 
values to static visual acuity scores, 
letter Legibility is being evaluated as 
the driver characteristic involved in 
tile minimwa letter height standard. From 
the sensitivity analysis, it is apparent 
that the minimum letter height standard 
is sensitive to a change in the letter 
legibility value. Of particular interest 
and concern is the implication and rami­
fication of decreasing values of letter 
legiQility and the resulting substantial 
increases for letter height. Currently, 
the standard uses a daylight letter 
legibility value based on drivers with 
20/2S visual acuity. Consequently, 
because of the poorer vision (less than 
20/25 of approximately l5 percent of 

the driving population--comprised ~ostly 
of the elderly--further research is 
needed to evaluate the relationship of 
static visual acuity differences and mini­
mum letter height requirements on highway 
guide signs for both day and night (using 
reflectorized letters and/or floodlights) 
conditions. 

The current specification for pedestrian 
walking speed conforms to approximately 
the "average• or "median• pedestrian. 
The estimated aSth percentile value is 
3.5 fp ■ (1.07 m/sl. The sensitivity 
analyses presented earlier illustrate the 
high sensitivity of walking distance to 
walking speed within tne range of ex­
pected value■. In order to accommodate 
the 85th percentile pedestrian, it is 
recommended that the design specification 
for walking speed be lowered to J,3 fps 
(1.07 m/s). 

Driver eye heiiht estimates presented in 
this report il ustrata the existing trend 
toward an overall lower eye height popu­
lation distribution. To accommodate this 
trend, it is recommended that the speci­
fication be reduced from the current 42 
inches (1.07ml value to 4l inches (1.04ml, 
or possibly to 40 inches (1.02m). A 
decrease to the former value would neces­
sitate slignt increases in current crest . 
vertical ~urve design standards for~ 
and 60 mph (80 and 97 km/h) design speeds. 
On horizontal curves it is reco111111ended 
that the midpoint design height of a 
sight obstruction should be lowered to 
20 inches (0.51ml in order to accommo­
date reduced driver eye heights and to 
enable the driv~r to sight an object in 
the roadway fro~ the roadway surface up. 

The underlying assumption for selection 
of the current side friction factors on 
horizontal curves is that they are re­
lated to the motorists' threshold of dis­
comfort. Since this study did not show 
if these side friction factors values 
used are applicable for current vehicles, 
it cannot be stated whether the specifi­
cations are too stringent or to uncon­
strained. Arguments have been pre­
sented earlier in this report for both 
cases. It is apparent that horizontal 
curvature standards are sensitive to a 
change in the side friction factor--at 
least sufficiently so to warrant further 
researcn into evaluating the relation­
ship of side friction factor, driver com­
fort and minimum radius. In this regard, 
it is recognized that FHWA has ini~iated 
a research project entitled "Side Fric­
tion for Superelevation on Horizontal 
Curves" which should resolve this issue. 

ror several standards, it has been 
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suggested that the specification for the 
driver characteristic is too liberal. 
This implies that the standards are in­
adequate in that they do not accommodate 
the •vast majority" of drivers, a situa­
tion which should be revealed by an unsafe 
or at least inefficient highway syste111 or 
both. Aside from knowing that roads of 
high design (e.g., Interstates) have 
better accident rate■ than roads with 
inadequate design feature■ (e.g., a large 
percentage of the two lane rural ayste111), 
we do not know the relationships of 
specific design element■ to safety. There­
fore, it can not be stated that current 
design standards are resulting in acci­
dents because of an inadequate driver 
characteristic specification. Furthermore, 
while it should not be assumed, it is 
likely that drivers who are excluded by 
a particular specification level are com­
pensating by, for instance, driving slower 
or not driving at certain timea, e.g., 
at night. 
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