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ABSTRACT

This study rccommends a method to cstablish
maximum speed limits based on the 85th percentile
of travel speeds. The conclusion is supported by
an extensive literature search and analysis of
traffic flow data collected by a unique Computer-
Sensor System. Such data indicate that risk
increases with deviation from mean speed. Such
increase is minimal until approximately the 85th

percentile when the slope of the risk curve starts
to rise sharply.






A STUDY FOR THE SELECTION OF

MAXIMUM SPEED LIMITS

Index
INTRODUCTION . . . . . . . . .
General Objectives . . . . . « « « « « .+ .

Specific Objectives, ., .

Backgrocund . . . . . . . <+ . o« . .
Scope and Approach

SUMMARY REVIEW OF THE LITERATURE .

SURVEY OF SPEED LIMIT PRACTICES. . . .

Response Rates . . . . . . . . . . .
Analysis . . . . . . . . . .
3.2.1 State Survey. . .+ ¢ v s 0 0 e 4

3.2.2 General State Profile .
3.2.3 Cities. . . . . <« « <« < < < . .
3.2.4 General City Profile.

3.2.5 Comparison of Cities to the States in
Which They are Located. .

SPEED LIMIT CONCEPTS « . « + « o « o« &« s +
General Concepts . . . . . . . « « « .

Speed Limits and the Traffic Law System.
Speed Limits and Risk., . . . . . .

Speed Limits and Driver Acceptance

Factors Affecting the Development of a
General Method . . . . . . .

Paye

=

3]

G

29

30

30

31

34

35



4.6

[l
bt

A
[

jo
.
Lo

Factors Affecting Implementation of a General

Mcthod

. » " . -

Criteria Tor a General Method of Establish

Speed Limits . . . . .

NISCUSSION OF SELECTED METHODS FOR ESTABLI

SPPED LIMITS . . . . . .

Screening Analysis

1y

SHING

Analysis cf Selected Methods for Establishing

Specd T.imitgs

5.2,1 Taylor's Theory of Speed Distribation

Skewness, . . . .

L) a . " e . . a 3

5.2.2 Oppenlander's Cost-0Oricnted Approach.

5.2.3 The 85th Percentile Method.

ANALYSIS OF IRPS DATA RELATING SPEED AND A

Introduction . . . . .
Approach . . . ., . . .

Results., . . . . . .

6.3.1 The Effect of Location. . . . . . .,

T IIRG
APV PR S

6.3.2 Accident Frequency Distribution Studies

CONCLUSIONS. . . . . . .
THE RECOMMENDED METHOD .
Background . . . . . . .,
Sampling Method. . . .

General Comments . . . .
COMMENTS ON SPEED LIMITS

Special Speed Limits for

. - .
. °

. - -

. . . ° . -

AND SPEED CONTEROL

Trucks and Other

Minimum and Advisory Speed Limits., . . .

vi

Tlen b oo e o
\J f:i:, LU S



9.3 Enforcement Tolerance. .- . .- .
9.4 Measuring the Effectiveness of Speed
9.5 Recommendations for Further Research
10.0 REFERENCES . . v &« o & ¢ « o « w» o &
APPENDICES e v e e e e e e e e e e w e s
Appendix A, Glossary of Terms. . v e
Appendix B, Sensor 8ystem Description
Appendix C, Speed Limit Practices Survey Questionnaires.
Appendix D, Data Tables for Speed Limit Survey Responses
Appendix E, Selected Speed Distributions from the

IRPS Sensor System .

vii

*

Limits,

.

.

.

-

Page

103
106
109
113
131
133
139
169

177

187






SUMMARY

This report documents work conducted by the Indiana
University Institute for Research in Public Safety under
sponsorship of the National Highway Safety Bureau of the
U.5. Department of Transportation to recommend a method for
establishing maximum speed limits that could be widely imple-
mented utilizing existing technology and manpower resources.

The research plan includes an extensive rceview of exist-
ing research literature, an evaluation of identified methods,
collection and analysis of data utilizing a Computer-Scnsor
System to validate existing methods, and the development of a
programmed instruction text to implement the recommended
method.

The literature review considered more than 300 docu-
ments relating to the history of speed limits; the relation-
ship of speed and speed limits; driver speed behavior and
variables, other than speed limits which influence it; the
relationship of speed, speed limits, and accidents; and
methods for establishing speed limits. The review revealed
threce major approaches to establishing speed limits, one
based on measure of prevailing vehicle speeds, another
based on characteristics of the speed distribution, and a

third based on cost.

ix



A national survey of practices used by statos and criooo
to establish maximum speed limits was conducted to dcotarmine
existing methods, technical resources, and the manpaower
.invelved in establishing speed limits. Questionnaires were
sent to traffic engineers of all state highway departments.
all cities over 100,000 in population (130), and 52 selectod
cities with populations undexr 100,000. The regspongae [(B8%)
indicated that the following items were most fregquentiy con-
sidered in establishing speed limits:

85th percentile

ball-bank indicater data

accident experience

length of zone and adjacent zone
design speed

pace

spacing of intersections and driveways
traffic volume

presence and condition of shoulders
average test run speed

presence of pedestrians

traffic signals and controls

* ok ok %k A ¥ ok * ¥ o * %

The survey also showed the general availability of
radar, vascar, ball-bank indicator, and vehicle counters to
measure vehicle speed, traffic characteristics, and roadway
features.

The various technigues for establishing speoed limits
identified as a result of the literature review and the
survey of jurisdictions were subjected to a screening analys.

to identify those methods worthy of further consideration



for full-scale implementation. The analysis revealed these
such techniques:

* Taylor's theory of speed distribution skewness

* Oppenlander's cost-oriented approach

* The 85th percentile method

Data collected using the IRPS Computer-Sensor System
were analyzed to provide a further basis for selecting a
recommended technique from the three identified by the
screening analysis. The analysis clearly showed the strong
relationship between deviation of the speed of the accident-
involved vehicle from the mean speed of the traffic stream.
The analysis also showed that the cumulative accident
involvement rates were acceptably flat (i.e., independent
of speed) until the speed deviation reached a point corres¥
ponding to the 85th percentile speed plus rounding and
enforcement tolerances, after which it starfed to rise at a
precipitous rate.

The final result of the study effort was to recommend
that maximum speed limits be established on the basis of the
85th percentile of travel speeds. Such a limit is:

1. PFundamentally fair in the context of the Traffic

Law System.
2. Related to risk of dysfunction in the Surface
Rcad Transportation System.
. Accepted as reasonable by drivers.

Applicable to a wide range of highways.
Capable of being implemented with existing resources.

Ut o> L0
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by a substantial portion of the technical literature as wel

as by the data and analyses of the present study.

h

The recommendation of the 85th percentile is =upuorte]

The final project report is presented in four volumes.

Volume I contains the technical portion of the report;
Volume II presents an extensive review of the literature;
Volume III provides an implemecntation program for the
recommended method of establishing a speed limit; and,
Volume IV contains a condensed explanation of the recom-

mcnded method for the experienced tratffic engineor.

xii

4



1.0 INTRODUCTION

This is the final report of research on establishing
speed limits conducted by the Indiana University Institute
for Research in Public Safety (IRPS) under contract FH 11-7275
with the National Highway Safety Bureau of the U.S. Depart-
ment of Transportation.

This report is presented in four volumes. Volume I
contains the technical portion of the report including a
summary review cof relevant literature. Volume II presents
an extensive review of the literature concerning speed and
speed control. Volume ITT presents an implementation program
for the recommended method of establishing an appropriate
speed limit. Volume IV is a brief explanation of the recom-
mended method to be used by the experienced traffic engineer.

This report documents research conducted during the

period June 20, 1969 through August 31, 1970.

1.1 General Objective

The general objective of the study was to reccmmend a
method for establishing maximum speed limits that could be
widely implemented utilizing existing technology and man-

power resources.

1.2 Specific QObjectives

The specific objectives of the study were to:



1. Present a comprechensive summary of existing
ology relating to speed control and the ostab.
ment of speed limits.

2. Survey state and local jurisdictions to identify
current practices in establishment of gpeed limits.

3. Identify the availability of technical resources
(at state and local levels) that could be utilizod
in establishing speed limits.

4. Develop an operatiocnal explanation of the functicn
and objectives of speed limits.

5. BSelect the best, real-world conceptual approach
for the establishment of speed limits.

6. Conduct analytical investigations to validate
such concepts.

7. Develop a statistically wvalid method of establisning
speed limits that can be implemented utilizing
existing technology and manpower rescurces.

8. Identify such research as may be necessary to fur-
n

ther refine the "state of the art" of speed cont
and the establishment of speed limits.

1.3 Background

At present there appear to be threc distinct methods
of establishing speed limits. They are: arbitrary methodc,
political or constituent pressure methods, and traffic
engineering methods.

Arbitrary methods are generally carried out by countiy
highway departments or city street commissions that arc
handicapped by lack of funds and are generally unable Lo
secure competent perscnnel. The result of this handicap
takes the form of speed limits which are posted by judgmont

rather than traffic analysis.



Political pressures, such as driver complaints and
accident publicity, often indicate that a speed limit should
be changed. Such pressures, however, give no means for
determining the amount of the change. Political pressures,
furthermore, are highly irregular and do not necessarily
meet the needs of the traffic.

Speed limits determined by utilizing traffic engineer-
ing theory take their impetus from the 85th percentile, pace,
and average test run concepts. These methods are rather
widely used and are documented in most traffic engineering
texts. It should be noted that although these methods
are widely accepted the selection of these methods is, in
most cases, arbitrary.

Independent of the method used in determining the
limit, there are three distinct types of speed limits used
in conjunction with a basic speed rule, Every state has a
statute covering what is known as the "basic speed rule."
The substance of such laws is that a driver shall always
operate his vehicle at a speed that is reasonable and pru-
dent under existing conditions.

The three types of speed limits that are used to sup-
plement the "basic speed law" are: absolute limits, prims

faecie speed limits, and advisory speed limits. Of these,
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sponsored study conducted by IRPS on "Thoe Lfrsces of Enforce-
ment on Traffic Flow Behavior” were utilized in the analytical
phases of this study.

Such data allowed detailed examination of existing
specd limit concepts and validation of the recommended statis-

tical method for implementation.






2.0 SUMMARY REVIEW OF THE LITERATURE

This section presents a summary review of selected
literature dealing with the subject of speed and speed con-
trol in the context of highway safety.

In excess of three hundred publications were reviewed
during the extensive literature scarch conducted for the
Optimum Speed Limits study. Several facilities were used
during this search, including the Naticnal Safety Council,
Highway Research Board, and Northwestern University Trans-
portation Center Library, in addition to the Indiana Univer-
sity Library System.

A number of aspects of speed control have been con-
sidered. Among these are: the history of specd control;
the relationship of speed and speed limits; the variables
which influence driving speeds; the relationship of speed,
speed limits, and accidents; and methods for setting speed
limits.

Detailed results of this extensive search can be found
in Maximum Speed Limits, Volume I1, The Developmenl of
Speed Limits: A Review of the Literature. A brief summari-
zation of the body of literature in this area follows.

The following chronclogy of highlights in the history
of speed control in America illustrates the progress that

has been made in this area.

- o - Preceding page hlank



The history of speed limils in the United Stalos watos
back to 1678 when speed restrictions wore imposed on horscs
in Newport, Rhode Island (4) European specd control had
its effect on American policy, and in 1901 the firut spood
limit for autcmobiles in the U.S. was enacted in Connecti-
cut. (6)

Early speed control campalgns were colorful and dramatzro.

But in addition to the radical denunciations of specd and

adjustment of driving speed and speed requlations to exizti
conditiong and condemning reckless driving ratihcr than spead,

Along with speed restriction legislation con: Lechnolco

gical developments for speed measurement. And iy Lhe 10207«
a need had developed for minimum specd limits in addition
Lo maximum limits.

"o..By the 1930°s efforts were begun to study spoos
contreol and take a more realistic approach to 1t...
The organized traffic safety movement began i tho mid-20's,
causing both c¢ities and states to institute rigid acoc:c o
reduction campaigns, the most notabla being DProvidenzo,
Rhode Island. (63, 65) Alrecady in tho lats 192070 wosio

states such as Colorado had speed limits as hign a3 60 wph.



During World War II an effort to conserve gasoline and
rubber brought the entire nation under a 35 mph limit. (74)
And in 1948 radar became a part of the traffic control system.
(80)

Tracing the development of the present day speed limit,
it can be seen that many of the ideas which generate contro-
versy today were proposed guite early in the history of
automobile regulation.

A study conducted at the University of Illinois in
1947-1948 concluded that traffic ignored spced limits and ran
at speeds which drivers considered safe and that most posted
speed limits were ineffective because they were unreason-
able. (79)

J. Edward Johnston suggested in 1956 that the 85th
percentile was reasonable and encouraged uniform speeds. (85)

Since the 1950's several major concepts have prevailed
in the controversy over the effects of speed limits on
driving speeds. The first is that speed limits have little
or no effect -- that drivers ignore them and drive at speeds
which they consider reasonable and safe. (95, 96, 98, 104,
105, 109) An opposing view states that speed limits do have

an effect (101, 107), however, different studies have shown

varying effects, including decreased pace (gz), raeduction of

- 11 -



excessively fast or slow specds causing vechicles to wrawvod
closer to the same speced (77, 114, 175), and a random
cffect. (99
A 1955 book on Traffic Fnagincering explained:
"For any gliven road there 1s an optimum speed
limit which will have the greatest cffect on
spot speed. This value is usually between the

30 and 90 percentile of the free-flowing ugpmaed
as plotted on a cumulative-frequency curve." |

77)

Other articles seem to concur that the 85th or S0th por-

centile ig a reasonable guide for setting speed limits.

It has been stated that absolute speed laimits receivo
the highest observance, while advisory limitg are excecdad
more often than either absolute or regulatory iimits., (97}
Urban limits appear to be viclated more often than rural
limits. (105, 109)

The study of driver speed behavier has illustrated «
number of interesting findings.

A 1954 study found that about a third of all drivexo
exceeded the 85th percentile of the spot speed distributiso
If a set of drivers was observed as many as scven times,

more than half could be expected to exceed the 8Lth porai -

tile speed at least once. (Lle)

A study to investigate drivers' speed perception invol

the ability of eight subjects to halve or double theoiy =y



on command. In this study drivers scemed to underestimate
their speed when decelerating and overestimate it when
accelerating. (119)

A Los Angeles study to assess the effectiveness of
written warnings as compared to citations involved the stop-
ping of motorists who exceeded 40 mph in a 25 mph zone,

By following these drivers after citations or warnings were
issued, the study found that:

(1) Where a citation was issued, accompanied by no

conversation between driver and officer, 32 of
100 cases recorded exceeded the limit again
within five miles.

(2) Where a safety message accompanied the citation,
33 of 100 cases exceeded the posted speed within
the next five miles.

{3) Where a written warning and safety message were
issued in place of a citation, 43 of 100 motor-
ists had exceeded the iimit within two miles and
22 more within five miles, for a total of 65. (122)

Numerous publications discuss the factors which affect
speeds. The following factors and relationships have been
identified:

Studies of driver variables found that speed increased

with trip distance (126, 136, 138); non-local vehicles trav-

eled faster than local vehicles (138, 139, 143, 144, 145);

male drivers drove slightly faster than female drivers (136,

137, 143, 145); and, drivers with passengers in the car

drove slightly slower than those without passengers (137,
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OCther driver variables which influcnced soeo o
wore expected arcivel time (L16) . DTroguenoy of  rooc wase O
opinion of the speed Limit (14s), and amount of driving o,
nected with the driver's work (146) .

Vehicle variablaes showed that vehicle type (137, 54,
L34, 443, 145) and age affected specas with newer cars
traveling faster than older opes (126, 1306).

Amonag ti

>t

o roadway varianles cinaed wero:s  functional
classification of road type {(137), sarface type and con=-

dition (137, 138, 140, 142, 147, number of lanes ana lanc

140, 142y, lanc position (127, mediarn

width (129, 137

type (132, 147), access conerol (137, 139, 147, freguonay

of intersections (137, 139, 140, 147), shoulder width anc

condition (140, 142, 147}, and design speed

v
O
=
i
=

factors identified include geographic iocation (137, =ight

distance (137, 138, 139, 1406, 142, 143, curvature (137,

138, 140), gradient (lﬁz)' length of grade (%}1, l%ﬁ),

lateral clearance (1327, 142}, horizontal and vertical resic-

tance (138, 143), marginal friction (138), vertical ana

horizontal alinement (142), traffic signals and contrac!

devices (140, 142, 147y, parking (140, 147}, and presence

of pedestrians (140, 147).

Traffic variables shown to affect speeds werce volanm:

370

(129, 130, 128, 140, 142, 147), pascing manenvers |

-
11
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opposing traffic (137), and percentage of commercial vehicles

(137, 142, 147). A study also indicated that vehicles in l

each lane tended to adjust their speed to the speed of the
slower parallel lane (107}).

A study of environmental factors which affected speeds
found that objects on the road shoulders had little affect

on speeds unless the lane widths were less than 20 feet (132}.

jop]

y
Jor

Other environmental factors include weather (137, 142, 14

time (133, 137, 142), and roadside establishment (138, 139,

140, 142, 147).

It can be seen that a number of studies have been con-
ducted te identify the above mentioned variables and that
there is considerable agreement in this area.

Although discussions of the speed-accident relationship
date back to the early use of the automcbile, serious
research in this area seems to have begun in the 1930's.
From 1930 to 1939 the speed capability of the average vehicle
sold rose from 55 mph to 84 mph. (126)

A number of the early studies in this area attributed
the occurrence of accidents to speed (70, 151, 153) while
others did not find a relationship between high driving

speeds and accidents (126, 152). One author even went so far



a5 Lo say that ali traffic sroblems wore grounded in hich-

way design. He wrote:

"It 15 oas essontial o osvend effort bto improve
e speed of transpor ation as it is to spend
it te reduce ascldents. The automoblle was
not manufaciirod o gsavae lives, or the road-
way built o prowvent ivjuries.’ (104

Since the 1950's soeveral :rdeas have predominated the
dismussaons of the specd-acoldent rolationship.

One concept generaily accouwict oo experts in this are.

1 that accident severity inciroases witih speed.

cise of ac~idont occurrence and goecd limits anoan

~
>3
i
e
i
i~
!
o

noetion.,

[

2tfcoetive means o gccldent re
There are those who believe that ooosd 1s the primne
causc of accidents (4) and cbhors who indicate that accider !
increase with increased speods (157
M, Barl Camphell precants an ilinteresting approach o
spesd-accldent comparisons. A May 30, 1964 news roloase
from the California Division of lighwavs stated that althous

only 19 prreons have been rilled av the Indianapolis %00 sl
1911, this 1s a fatality rate of 3,937 pov 100 million

vehiole miles on California frooways,  Thisc L3I0 0247 iooranr

at 14¢ mph on the race ftrack snhows Do oo iaonit froguones

increascs above 65w,

- )
Traffic o
only the h

of freguene

corde ant covoed s ol
rd obf oo s Ly oo ae why ane

ot byt rine anobtihor rohio




NOT REPRODUCIBLE

Sieed objoct Lnoroascs WD oavend . wod b
nazards become spocially nobtabla o tho highes
randaces.  Speed and accidonts cannot bo related
to each other simply as a two-dimensional
relationship: the relationship is always muliti-
dimensional and may include one hundred other
factors...the third dimension of traffic den-
s1ty mast always be included 1f any valid
relationghip is to come out of the analysis.
{133)

R ,

TequLaney ... le rolated mo
s conditions: (L} tho oacd of Lha suabiao
car rolated to the d Ly arpieacy distrilonoiog
of speads of all the cave in the toLbal tratios
stroam, and (2) fixed obhjechts and cothor rosdsio-
nazards. There are othor factors, Lut those
appear to be most important. vears also
that theoe hasard rate abovoe dnd T avar.aioe
spoed of traffic Flow incieacos fastor fhan tho
Chaooo in rate of spacdl.™ (187

- u, 1 g ey ot -~ 4
Jhe hazara of £

"One of thoe bosit conlfirmations of thr Lv-
croases in haznard of [roeguenoy of irvolven
wiith incrcase in snoeoed is found in t“w IREREN
rocords of the singio-vohicle acci h

of accident constitutes more than onﬁ—thirﬂ a5
tire accidents resulting in fatalitic ancl "
rnereasing at oa rate significant iy fastoer than
Lhe avorage rato of jjlcrcujse.('f Lut;xl accidents,
n

cepecially in urban arceas. (1

d e

A L1936k study stated:

"[flaster drivers have more accidents than sliowar
drivers, espaecially when judaed by their speeds

in the afternoon. The individual spocds of tho
drivers with accident records are slightliy hizgher
than thoso for the drivers without accident roe-
ords; while in the morning, it is theo erVﬁV“
without accident records whose moeeds are slivhtoiv
higher.™ (158) ‘ o T <

Another idea having several pro»ononts 1s thot Low-

drivers are more lLikelv to bo invoived in accidarnt



than high-speed drivers. (159, 165, 190) Chance of being

involved in an accident is lowest about 65 mph, highest
for low-speed drivers, and increases over 65 mph. (163)

"...[0lnly eight percent of all fatal motor vehicle

accidents are reported to have happened at speeds

above 60 mph in 1962. On the other hand, more

than half of all fatal accidents in urban areas

reportedly occurred at speeds under 30 mph, that

same year." (178)
. . LY .

A very rational stand taken by several authors is that
speed is a causal factor in accidents, but it is one of a
number of causes and not necessarily the most important.
(156) |

"Speeding is outrageously overrated as a CAUSE
of accidents. The fact is that it is inattentive-
ness or errors in judgment or lack of driving skill
which contributes most heavily to the causes of
accidents. Seldom does a single deficiency cause
an accident." (178)

The Proeeedings of National Highway Safety Bureau Priori-
ties Seminar gives the following explanation.

"Does speed cause accidents and produce casualties?
Obviously, considering speed of itself, the
answer is often no. As a matter cof fact there
are occasions when the capacity for speed may
even aid in the avoidance of a crash or the miti-
gation of its results (The capacity to pass
quickly in a suddenly developing tight situation
and the minimizing of speed differentials in
rear-end collisions, for example). On the other
hand speed can very often compound the task of
accident avoidance if not precipitate a crash.
Further, and without question, speed aggravates
the consegquences of the crash.



"In discussing speed in relation to accidents it
is well to delineate the several senses in which
the term might be used. It is useful to think
of speed in the following contexts:

"a) wvery lsic] high speed -- speeds approach-
ing and exceeding 100 mph. Under these conditions,
the speed factor dominates as a causative agent,
since few if any of the elements of the overall
vehicle~driver-highway system have been designed
to accomodate travel at this speed.

"b) Excessive speed for conditions -- speeds
ranging anywhere from zerc to design speeds.
This category of speeding encompasscs many of
the speeding citations issued in connection with
accidents.

"¢) Differential speed or speed gradients in
the traffic stream -- in part, an overlapping
set with excessive speed but also includes in-
adequate speed. Differential speed and the related
variable "acceleration ncise" figure prominently
in the safe and efficient flow of traffic. Large
speed differentials are seldom if ever cited as
a contributing cause, the factor being implicit
in other improper driving categories such as fol-
lowing toe close and reckless driving.

"With these connotations of speed in mind it can
be appreciated that speed is very often not a
singular or an explicit wvariable in the accident
equation. Thus, efforts to treat speed as an
accident cause are often reduced to treating
symptoms arising from the synergy of speed and
many other system factors.” (179)

There are differing views as to the effect of speed zon-
ing on accidents. Some studies have shown that speed limits
reduce accidents either in number or in severity. (114, 155,

le4, 168, 170, 172, 174, 176)

In 1960 John Baerwald wrote: "No evidence exists to

indicate that accidents are increased when speed zones are



raised and by the same token, thare 1s no evidenas that seo.o,
donts are materially reduced by establiishing zones, althoug:
4 dovnward trend is indicatod.® (2@)

Other studies have shown that speod limit practices

£

woere ineffective at reducing accidents of any type. (177}

One ol the newer theoraies in the area of speed and accoi-

dents is that accidents are related to gspeed difiecronces.

(l%g, 191) Probably the most neted study to support this

theory was conducted by David Scliomen. lle concluded:
1. "The acoideont-invoivement, injury, and

property-damage rates wore highost at very
low speeds, lowest at about the average
speed of all traffic, and 1ncreased at the
veryv high speeds, varticularly ot niont,
Thus, the greater the variation in gpood of
any vehicle from the average spead of all
tratfic, the greater its chance of boing
involved in an accident."”

2. "The severity of accidents incroascd as
spead Lncreased, especially at speeds ex-
ceeding 60 miles per hour.”

3. "The fatality rate was highest at verwv hiah
speads and lowest at about the cvevage soeed.

it

4. "Pairs of passenger car drivers invelved
I
in two-car. rear-end collisions ;
more likolsy to be traveling at
frrences groaitly in excoss of those chsorved
for pairs of cars in nommal traffic...”
Do "Drivers of passenger carg having low horge-

power had boghor iavolvement rates than
drivers of cars having highor horsopower . ...
This mav bo related to the relatively poor
acceleration capability at highway speeds

of cars having low horsepower.”



6. "Nearly half of all accidont involvement
were either rear-cnd collision or same-

direction sideswipes. However, the propor-
tion of these accident involvements decreased

as travel specd increased. Single vehic

noncollision accident involvements contr
buted an increasingly greater proportion
of all accident involvements as speed

1o,

i-

increased, particularly at speeds of more

than 70 miles per hour. At speeds of &0

miles per hour, non-collision accaidents con-
stituted half of all involvements. Although

angle collisions usually were less than
percent of the total, at speeds of less
25 miles per hour they constituted more
one-third of all accident involvements.

15

than

than
The

proportion of head-on collisicms oy onposite-

direction sideswipes increased as speed

inereased; but this typo of accident involve-

ment always was less than 20 poraoent of
total regardless of speed and cay oy nig
conditions." (l67)

A recent study by RTI-IRPS indicated "a ‘U'=-

the

hi

shaped re-

lationship between involvement rate and specd deviation...

Thesc results confirm the hypothesis that slow driving as

well

as fast driving increases the likelihood of

involved in an accident. However, the curvature

shaped relationship is not as pronounced as that

Solomon...'

85th

r

The RTI-IRPS study also gave support to the

percentile criterion stating:

being
of this U-

given by

usce of tneo

"The standard deviation of the speed digstribution
is from 5 to 7 mph. Approximately 85% of the
drivers drive below the mean plus one standard
deviation. The drivers having spoodn beotween

the mean and one standard deviation above the



moean are definivtely 1 oo inve lvenent oo,

i
o rveglon between one and two standard deviationy

~

abova the mean sopeed anoompasces approximatelw
10 nercent of the drivers and does not have a
significantly areatcr inveolvement ratn than at
mean speed.  This region from the end of tho
first to the end of the second standard devia-
fion is approximately the tolerance level alowed
oy police agencies,” {101}

A 1966 article showed that on tho five scctione ~f froo-

wiy gtudied "

teaccidents. . were dirently related to spead diffevrential
oy to stream friction hetween vohicles moving in thoe gsame
chrsoction,” (1887

As with tho otbhory avoas o opood vodoaiznien and cone . |
o nunmbor of factors hoave bHoeon sudgagnstoa as eriisrra unon
which spoed limits should bhe based, {i

198, 199} These factors are «uite adeguately susmarized

into four main cateaosriaos in the aviicla "An Iniorma-
tional Repert on Sread Zoning."  This article sudaests thiat

speed limits should bo hased en prevai linao

-y F e
SLOeOs,

rhyvsical features, acoident ewporiences, and

characteristios ang ornmtrel. c107)

Arain we find o oreat ameunt of saovors in fhe DLl

SRR
Pare foer ot 85th porcentile oyt terion, {85, 40, LaL, 207

205

, 206, 208, 209)
Warren Kessler gives the Mol lowing Sustiflicstion (o

the 85th mercentile as a basis for settaing aneed Tind is:

...more than half of the violations contributing



"The 85th percentile speed is based upon the
theory that the majority of motorists traveling
upon a city street or highway are competent
drivers and possess the ability to determine
and judge the speed at which they may operate
satcely; further, that motorists are responsible
and prudent persons who do not want to become
involved in an accident and desire to reach
their destinations in the shortest possible
time." (204)

A 1969 "Resolution of the annual meeting of the
Association of State Highway Officials"” states:

"The review of existing practice revealed
that most of the member departments use, pri-
marily, the 85th percentile speced. Some agen-
cies use the 90th percentile speed, and of
secondary consideration are such factors as
design speed, geometric characteristicsg, acci-
dent experience, test run speed, pace, traffic
volumes, develcopment along the roadway, fre-
quency of intersections, etc.

"On the basis of the foregoing review, the
Subcommittee on Speed Zoning recommends to the
AASHO Operating Committee on Traffic for consid-
eration as an AASHO Policy on Speed Zoning that:

American

"The 85th percentile speed is to be given primary

consideration in speed zones below 50 miles per
hour, and the 90th percentile speecd is to be
given primary consideration in establishing
speed zones of 50 miles per hour or above. To
achieve the optimum in safety, it is desirable
Lo secure a speed distribution with a skewness
index approaching unity." (207)

A California publication "Speed Zoning -- Why and How"

discusses the results that realistic speed zoning may pro-

duce.



"A, Reduce the speed differential in a trafiic
stream when there is a large variation ol
speeds. This makes driving easier, 1lncreases
capacity and reduccs the likelihood [sic) of
accidents by encouraging most drivers to travel
at about the same speed.

8. Give enforcement officials a good guide as to
what a reagsonable and prudent speed is under
normal conditions and permits concentration
of enforcement against real traffic viola-

tors.
C. Give motorists a speed limit which they can

ragpect and obkey. When drivers respect
speed limits in arcas with which they are
familiar, they are more iikely to pav atten-
tion to limits in unfamiiiar arcas.

D. Assist traffic courts by providing a real-
istic quide as to normaz, rcasonablce and
prudent speeds.

. Give local residents a realistic picture
of the actual speed of most traffic. There
is no safety in blind reliance on a groeed
limit inconsistent with speeds actually
traveled by traffic.

P. Insure that all specd zounes satisfy the

roquirements of state law.” (208)

More recently developed areas of discussion concern tho

uniformity o©of speeds or the speed distribution. (85, 214}

William Taylor has said that assuming that variation of

speed distribution and high acciacnt rates on cortain seo

tions of highway are a result of drivers' 1aability to prop-

erly evaluate the driving situation, 1t seems that the

speed distribution would be helpful in determining whove
:’)."!‘,

speed zoning might be effective. Mean speed aui 8000 He

.

centile may not be influenced by cach driver's ilnability



make a proper evaluation of conditions in the way that skew-

ness and kurtosis of the speed distribution are. (210)

Taylor's theory states that a relationship exists
between the rate of occurrence of accidents and the distri-
bution of speeds'on a section of rural highway, and that the
effectiveness of speed zoning in reducing accidents depends
on the speed distribution before and after zoning. (211)
His study concluded:

"1l. There is a strong relationship between the
rate of occurence of accidents and the speed
distribution on rural state highways.

2. The best parameter to use in determining
non-normality is the skewness of the distri-
bution.

3. Changing the speed distribution from non-
normal to normal results in an accident
rate reduction which is about twice that
found under any other set of before and
after conditions.

4. Warrants for speed zoning should be estab-
lished which include the speed distribution
as a factor.

5. The 'Before' speed distribution alone is
not adequate as a warrant for speed zoning."
(177)

A Tennessee Department of Highways Study based on
Taylor's theory concluded that specd limits below %0 mph
are best represented by the 85th percentile, while limits
of 50 mph and above are best represented by the 90th per-
centile. (212) |

J. C. Oppenlander proposed a cost-based method of

establishing speed controls. His theory entails:



1. The selection of an optimd!l specd that mini-
mizes the cost of highway transportation,
taking into consideration monetary, time,
safety, and comforti factors.

2. An adjusted speed 1s derived from the optimal
speed by subtracting the reduction in speed
occasioned by driver, vehicle, roadway,
traffic, and environmecntal variables that
modify vehicular speeds.

3. Statistical relationghips between upper and
lower speed limits and adjusted speced pro-
duce the posted speed regulation. {200)

Jack C. Marcellis attempted to apply part of Oppenian-
der's theory, calculating the total cost of traffic movemen:
as the sum of operation cost, time cost, and accident cost.
The optimal speecd for urban streets was scalad according
te frequency of gstops. TFor passenger cars, optimal arban
speced ranged from 42 mph for 0 stops per mile to 27 mph for
16 stops per mile during the day. Night optimum is slightly
lower. Commercial vehicles would move at an optimum speoed
of 37.5 mph at ¢ stops per mile, and at 8 stops per miie

the ontimum would be 25 mph. (215)

hus, it can be seen that there are three major approac

to establishing spoed limits, once based on measures of pro-
vailing vehicle speceds, another bhased on characteristics of
the speoed distributicn, and a third based on cost.

In summarizing the body of literature concerning sp

and speed control, the reader can probablv be certain of

only one thing -- the controversial nature of many of the



i‘indings in this area. However, in considering the most

rational and best supported approaches to various aspects

of the speed problem, the following conclusions would

seem reasonable.

1.

Many of the basic premises concerning speed
behavior and its control are not new; they appear
early in the history of speed regulation and the
avutomobile.

Numerous factors relating to the driver, the
vehicle, the roadway, traffic, and the environment
have a determining effect on driving speeds.

The main element in determining whether drivers
observe a speed limit is their perception of the
reasonableness of the limit.

Speed limits, taken as a whole, are beneficial,
or at least appear to have no detrimental effect
on accident occurrence.

Speed may play a large role in the severity of
accidents, but is merely one of many factors in
accident causation.

At present the most widely supported criterion
on which to base a speed limit is the 85th per-
centile speed.

The theory that accidents increase as the value of
the standard deviation increases, i.e., that speed
differences play a causative role in accident
occurrence, is a promising one, as evidenced by a
high accident rate at both low and wvery high speeds
and a lower accident rate around the average or
normal driving speed.






3.0 SURVEY OF SPEED LIMIT PRACTICES

A survey of the practices used by states and cities to
establish maximum speed limits was undertaken to determine
existing methods, technical resources and the manpower in-
volved in actually establishing speed limits throughout the
nation.

Questionnaires (see Appendix C} were addressed to the
Chief Traffic Engineer of the Highway Department of all
states, of all cities over 100,000 in population (130) and
of 52 selected cities with populations under 100,000.

It must be understood that the summary that follows
represents a summary of responses and not necessarily a
summary of actual practice. 1In general, the 85th percentile
concept has apparent widespread acceptance and speed-
measuring and volume-counting devices are available in

nearly all jurisdictions surveyed.

3.1 Response Rates

An overall response rate of 88% was achieved. Of the
questionnaires sent to each of the 50 states, 48 were
returned as a result of either our initial reguest or follow-
up letter. One hundred thirteen o0f the cities of over
100,000 population responded to the survey. All of the
surveys from the states and the larger cities are thus

included in the quantitative response analyses.

- 29 - Preceding page blank



Tne 45 surveys reecolved from the cities of less than
100,000 population are included in a qualitative cvaluation
only. 'The responses from these cities were generally of
cucstionable reliability, and they were thus oxcluded from

the gquantitative anaiysis.

3.2 Analysis

3.2.1 State Survey

Information from the state survey was analyzed in two

ways. Tables of response breakdowns are presented in

3

Appendix D. Table T shows the number of r iscs to aach

i)

spC

4

quostion.  Tor oxample, on guestion I, no one solcoctoa
response "1, three selected responsce "2," and 46 seloctod
response "3.%  In cases whera: more than one rosponse was
permitted {(questions 1, II, IIT, IV, Vi, VIT, and VITIT)
responses to cach alternative were tabulated separately.
For exampie, 1if the responses to a particular guestion
were 1, 6, 18, and 20, each wag viewed as a separatoe res-
ponse. The frequency with which each such comrination
nceurred was not determined, due Lo the great numbier of

ossible combinations tor each question.

[#);

6}

Scecond, for gquaestions in which multiplie rosponses were

allowsd, the average number of responses was tabu

D

the information presented in Table IT.  Tn th

3¢ -



question V, for example, this indicates that an average of
10.31 different factors out of a possible 21 are used by

states in setting or altering speed limits.

3.2.2 General State Profile

In an overwhelming majority of states, numerical speed
limits arc set by state statute, with provisions for changing
or sctting speed limits by other agencies or jurisdictions.
Nowhere, are numerical speed limits set by state statute
without some such provisions allowing other agencies, pri-
marily the state highway commission, county, or municipal
administrative agencies, to change or set speed limits.

Most states reported that any changing or setting of speed
limits by local agencies had to be supported by an appro-
priate engineering or traffic study.

In 10 of the 12 driving locations listed under question
VIII, the states reported that they relied heavily on
traffic surveys and engineering methods as aids to setting
speed limits. On residential streets, traffic surveys and
engineering methods were used with the same frequency as
local officials or an agency representing a local juris-
diction; in business districts local officials were most
commonly used to set speed limits, with traffic surveys a
close second cheoice. Though few states specified other

locations where speed limits were sct, in those cases where



[

such other locations woere acoccililed, wradiic sarvoeys and
engineering moethods wore usoed by a slim majority as aids

in establishing limits. 1In all tvpes of driving leocations,

citizens'

petitions wors rarely used as aids in the ectab-
iishing of speed limits.

ALl states but one reported that the 8
15 used 1n cengincering or traffic studics pricr to the
alteration or establizhing ot a speed limit., Other factors
considered were, in order ol decreasing frequency:  acoi-

dent expericence at that or similar locations, ball-bank

indicator, length of zone and effect ot adizcent zones,

'

design speaeocd, pacs, andg spacing ¢f interscctions and agive-

5

ways. Pervoontage o commercial vehicleg was oonsldored
leasl frequentlv.

Most states reported a differentral speed limit for
trucks and cars, primarily for icasons of safety. In states
where cars and trucks had the same spoed limit, facilitatios
of traffic flow was thoe primary coansidevation. In no caso
did any state report that trucking or other ‘ndustries
directly influenced truchk speed limito.

ALl ostates reported the availabh ity of radar in aoier-
mining vehicio spaeeds, and ali but one report:

abirl:tv of bail-bank indicators. T acadro;on, oot striow



reported that vehicle counters were available to them,

Very few states listed additional available devices which

might aid them in setting speed limits. Where additional
devices were listed, computers were most frequent, bul by
a very slight margin.

Most states did report making attempts to evaluate
the effect of new speed limits. Answers as to how this
effect was measured were gquite varied, but most contained
similar elements: before and after studies were used
extensively, and were related to other factors such as acci-~
dent experience, 85th percentile, radar checks, and speed
checks. While reasons for not measuring the effects of
new limits were not requested, one state did provide such
an explanation, namely, that the beneficial effects of
reasonable limits have been well established in numerous
studies.

In summary, responses concerning speed limit prac-

tices at the state level may be summarized as follows:

l. State statutes set numerical speed limits and make
provisions for changing or setting speed limits
by other agencies or jurisdictions.

2. Authority to set or chgnge limits is largely
delegated to two agencies or authorities: the
state highway commission and county or municipal
administrative agencies.

3. When local agencies set or change speed limits,

the change must be supported by an engineering
or traffic study.



4. TFor residential stroets, traffic survoys and iocal
officials set specd limits; in business digtricus
local officials set speced limits; at all other
locations traffic surveys are used exclusively.

5. The ten elements most frequently considered in
traffic or engineering studies of speed limits are,
in order of freguency:

- 85th percentile speed

- accident experience at that or similar
locations

-~ bali-bank indicator data

- length of zorne and effect of adijacent

zones

- design speed

- pace

- spacing of intersections and drive-
ways

- traffic volume
- presence and condition of shouliders
- average test run speed.

6. For recasons of safety there 313 & specd limit driffor-
ential for trucks and cars.

7. Four instruments; radar, vascar, ball-bank indi-
cator, and computer, arc gencerally availabkle to
measure vehicle speed, traflfic characteristics,
and roadway features.

8. Attempts to measure the effects of new or altered

speed limits are made with the nsc of before-
and-after studies.

3.2.3 Cities

Information about the cities with population over
100,000 1is tabulated in Appendix D. Data for aitics with
populations less than 100,000 were not tabulatcad duo
response size and response validity considerations. As fov

the states, the responses were counted to obtain the number

- 4



of responses to each question. Table ITT shows this infor-
mation. The first two listings on this table show that

'in this case) and 15 "2" {"no,"

there wery 90 "1" ("yes,'
in this case) responses for question I. Again, each number
in a combination response was counted individually.

Second, on questions where a combination response was
possible (questions 11, 11, 1V, V, VIII, and IX), the average
number of responses was tabulated. Table IV shows that on
gquestion II, for example, the average number of responses
was 1.02,

Third, all cities were classified into groups, based
on the state in which they were located. A profile of
cach state's cities was then developed by counting the
responses of the cities, and comparing the cities of each
state among themselves to find similarities and differences.

Pourth, the general profile of each state's cities was

then compared to that state to find similarities or dis-

similarities in the answers.

3.2.4 General City Profile

A great majority of the cities reported that statcs
delegate authority to them for establishing or setting

speed limits in their jurisdictions. This authority, granted



by the state leogislatuves through statate, rosts orimaric)
with state highway commissions, county or municipal trafl
engincers, and other agencies, such as the city councii.
Though each of these three agencies can set speed limitls,
most limits are actually cstablished by county or municipa.
engineers.

Hinimum speed limits are set 1n most, Luat certainly
not all cities. Thelr use is largely confincd to express
ways and urban sxpressways.

A1l but three cities report using endgiiicoring stulilc
to determine speed limits, and the 85th pero nt i 12 an
irportant consideration in nearly every cise.  Jtiher fac-
tors, including accldent experience at tnat or similar
locations, length of zone and effcct of adjacent zores,
presence of pedestrians, and traffic signals an ' 2ther
traffic controls, are considered much less crfcen than tho
85th percentile.

That traffic surveys and engineering studico ars
widely used again reveals itself in the cities' reports G
at every location these methods are most often used to sou
or cnunge a speed limit.

Radar was availlable to every <¢i¥ty but ong, and fhnoi
city listed it as being helpful for ‘uitvre work., Vehicle

counters and ball-bank indicators weve Iiso avallable to



many cities. While there was no extensive listing of desired

but unavailable instruments helpful in dealing with speed

limits,

computers and road sensors were most reguested.

Most cities did report attempting to learn the effects

of new speed limits, relying heavily on before-and-after

studies for work in this area.

In general, a typical city had the following character-~

istics:

1.

6.

Authority to set or change speed limits, as provided
to the city by the state legislature through
statute.

County or municipal traffic engineers having this
authority and actually setting most of the speed
limits within the jurisdiction.

Use of minimum speed limits, primarily on express-
ways .

Use of engineering studies in setting or changing
speed limits,

Eight factors commonly used in such englneering
studies are, in order of frequency:

- 85th percentile

- accident experience at that or similar
locations

- length of zone and effect of adjacent
zones

- presence of pedestrians

~ traffic signals or other traffic controls

- traffic volume

- design speed

- spacing of intersections and driveways

At every location, traffic surveys and engineering
methods are most commonly used to set speed limits.
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7. Radar, vehicle counters, and all-bank oodioaiiog

are availlable for use in measuring wvehiclioe cpond

traffic characteristics, and roadway featurcs

8. Effects of new speed limits are studied by bef
and-after tests and surveys.

3.2.5 Ccomparisons of Cities to the States in Wihin:
Are Located

Although specific questions on the statc and citv sur-
veys vary slightly, the questionnaivoes roguest very =imi |

kinds of informatiocon.

For purposes of this comparison, responses

£l
lowing guestions are discussed:
State Question Number — Corresponding Cicy {ucsBion W

I 7

I TI

II IIr

IIT V1

ITX VILT

IV VITT

v VIl

VIII IX

IX b

¥For convenience in the remaindecr of this discussior

W - tal

state questions are preceded hy "s," and ciiy gquevtions
'3- "C.”

When the citics of a state were ocompared to i sl

agreement was found in the following casaos:



sl ...

sI

sII

sITII

sIII

cl

cII

cIII

cVI

cVIII

There was agreement when the state
replied "1" (no delegation of
authority to set speed limits), for
all such cities replied "2" (no dele-
gation of authority to set speed
limits). There was also agreement
when the state replied "2" or "3"
(delegation of authority to set
speed limits), for all such cities
replied "1" (delegation of authority
to set speed limits).

There was agreement when the state
replied "2" or "3" (delegation of
authority to set speed limits), for
all cities replied "1," "2," oxr "3"
(specification of the agency which
grants authority to set speed limits).

There was agreement when the state and
all cities specified the same agencies
to whom authority to set speed limits
was delegated. {Since in sII, "1" is
no delegation of authority, state
response "2" matches city response
"l," state response "3" matches city
response "2," etc.).

There was agreement when the state
responded "5" (cities must use engi-
neering methods to set speed limit),
for all cities responded "1" (engi-
neering studies are used). If the
state responded "2," "3," or "4"
(specification of other constraints
on the cities) in addition to "5" and
all cities responded "1," there was
still agreement, for the other state
constraints do not conflict with the
requirement of an engineering study.

There was agreement when the state
responded "5" (cities must use engi-
neering methods to set speed limits),
for the city responded "2" (use of
engineering methods to set speed
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sIV

sV

sVIII

sIX

e e o

¢ s e

CVIII

CVIII

¢ * &

cX

cIX

limits) in every case a-m, If the
state responded ™"2," "3," or "4"
{specification of other constraints
on the city) in additicon to "5," and
all cities responded "1," "3," "4.,%
or "53" {other factors considered in
setting speed limits) in addition to
"2," there was still agreement, for
the other constraints or methods

do not conflict with the state reguire-
ment or the citv usc of engincering
methods in setting speed limits.

There was agrecment insofar as the
state and all cities considered the
same factors or used the same methods
in setting speed limits (parts a-m
were considered separately: state
responge "1" matches city response
"l1," state response "2" matches city
response "2," etc.).

There was agreement inscfar as the
state and all cities considered the
same factors in setting speed limits.
State response "1" matches city
response "1," state response "2"
matches city response "2," etc.).

There was agreement insofar as the
state and all cities used the same
instruments to measure vehicle speeds,
roadway characteristics, etc. (state
response "1" matches city response "1.,"
state response "2" matches city res-
ponse "2," etc.).

There was agreement when the state
responded "1" (study of the new cspeed
limits is made), for all cities respond-
ed "1" (study of new speed limits ig
made). There was also agreement when
the state responded "2" (no study of
new limits), for all cities respondsd
"2" (no study of new limits}.



A comparison of sI (state question I) to <l (city gues-
tion I) and cII shows general agreement between states and
cities. A great majority of states report that authority to
set or alter speed limits has been given to the cities by
statute. The cities corroborate this information, for they
report in appropriate cases that the states have, in fact,
delegated this authority to them. Further, cities most
commonly report that this authority has been statutorily
granted.

In sIT the states report that the authority for setting
or changing speed limits 1s most often delegated to the state
highway commission, and then to the county or municipal
administrative agencies. Cities are in slight disagreement on
this pcint, however, for they indicate in c¢III that first,
county or municipal traffic engineers, and second, the state
highway commission, most often have this responsibility. Only
one statc selected county or municipal traffic engineers as
having this authority; the cities indicated the authority of
county or municipal administrative agencies with about medium
frequency.

In sIIT the states reported that the cities must support
spced limit changes or alterations by engineering or traffic
studies. Cities do, correspondingly, follow this constraint.

In ¢VI all responding cities reported using engineering



studies in the determination of speed limits. Further, in
CcVIII, cities reported that at every location traffic and
engineering methods were used more commonly than other
methods of setting or changing speed limits. In addition, in
cX most cities indicated that the effects of new limits were
stucdied, usually by engineering or traffic study methods,

Answers from the stateg and cities on guestions sIV and
cVIII are wvirtually identical. As mentioned, cities prefeor
to do traffic surveys and engineering methods at every loca-
tion. States preferred these methods in every case but two;
of these two, engineering methods were used either as often
as local officials and agencies or were a close second choice.
Citizens' petitions were rarely utilized by states or cities.
With the exception of engineering methods and citizens'
petition, then, all other choices were selected with similar
deqgrees of frequency.

With regard to factors included in engineering or
traffic studies, states included an average of 10 factors and
cities an average of 8. Using the information from sV and
cVITI, the factors in this question can be ranked. The factocr
selected the most freguently is assigned rank number 1, the
factor selected next most frequently is rank number 2, ctc.

With a few exceptions, the rankings are not similar. States



and citics ranked 85th percentile and accident experience at
the location, first and second, respectively. In both cases,
fac:ors least often considered were ranked identically. For
example, slipperiness of pavement, roughness of pavement,
percentage of commercial vehicles, and other factors were
ranked 18, 19, 20, and 21, respectively. With these excep-
tions, the rankings vary widely, as Table V jillustrates.

Responses to sVIIT and cIX were similar in two ways.
First, both states and cities indicated that an average of
three of the instruments cited were available to them.
Second, both selected the same kinds of instruments as being
most commonly available. Radar was most frequently available
to both states and cities. In corder of availability, the
states then selected ball-bank indicators and vehicle
counters; for the cities the availability of these two was
reversed. States and cities did not report that the remaining
instruments were equally available, however.

In response to sIX and cX, most cities and states indi-
cated that the effects of new speed limits were studied.
Similar methods, such as before-—-and-after gtudies of accidents,
85th percentile, etc., were utilized in both cases.

In general, states and cities agreed in their responses

to most of the survey questions.
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4.0 SPEED LIMIT CONCEPTS

The following discussion of the objectives and func-
tions of speed limits and the establishment of speed limits
is intended to provide the reader with conceptual framework
necessary for critically examining the literature and under-

standing the analytical objectives of this study.

4.1 General Concepts

Certain generalizations can be made that highlight
the interplay of factors that constrain the development of
a methodology for the establishment of speed limits:

1. Speed limits are established by the operation of
the legal system. Such establishment must be
consistent with the objectives of the Traffic
Law System.

2, Speed limits are intended to reduce risk within
the Surface Road Transportation System. Thus,
the speed limit must be related to hazard.

3. Drivers tend to ignore limits that are perceived
as unreasonable. Thus, an effective limit must
be perceived by the majority of drivers as
reasonable.

4. There are an almost unlimited range of variables
arising from the man-machine-highway mix that
impact on the determination of a reasonable speed
limit.

5. Yew jurisdictions have manpower resources or
technology to permit implementation of a method
for establishing speed limits requiring sophis-
ticated data collection and analysis.
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The above-mentioned factors are discussed in more
detail in the following sections. It is hoped that the
recader will realize the complexity of issues presented,
and will accept the inhcrent difficulty accompanying a

short dissertation on a complex subject.

4.2 Speed Limits and the Traffic Law System

The establishment of speed limits may be regarded as
an operational act of the Traffic Law System (TLS) consisg-
tent with the basic objective of the TLS -- risk management
of the Surface Road Transportation System (SRT).

The TLS is the basic social contrel system applied to
manage risks within the SRT system. The TLS operates in
four basic functional components: Rule Making, Enforcement,
Adijudication, and Sanctioning.

Thus, when the operation of a motor vehicle at a speed
inappropriate for existing conditions is identified as a
risk to the basic operation of the SRT System, the TLS is
called upon to operate in risk management mode. 1In gencral,
this 1s done by the establishment of a speed limit, the
enforcement of such a rule with appropriate adjudication
and sanctioning of offenders. Theoretically, sanctions
act to correct the offender and serve as a deterrent to

others similarly inclined.
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If the TLS is to effectively function as a risk manage-
ment system, the rule making component must precisely and
correctly identify risk. If this is not done, the remain-
der of the system inefficiently allocates resources in
dealing with individuals who technically violated a rule
but in fact did not engage in hazardous activity.

An examination of enforcement activity indicates that
the bulk of traffic citations are given for speeding cffenses.
Accordingly, the bulk of court activity is taken up with
speeding offenses and the bulk of sanctions are imposed for
speeding.

If it were clearly established that all speed zones
were precisely established to define risk, the above-mentioned
allocation of resources could be defended as appropriate for
a risk management system. Regrettably, the opposite seems
to be the case in many instances.

Speed limits which are improperly posted, particularly
those which are set artificially low, tend to be ignored
by the majority of drivers and thus have little effect on
SRT risk. At the same time the limit makes technical
violators of a high percentage of drivers. Frequently, the
high number of violators draws enforcement presence and

concurrent citations.
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Such action violates the basic concepts of risk managoe-
ment inasmuch as rescurces are being diverted to deal with
low risk behavior when they should be focused on high risk
behavior as a priority. Not only are enforcement resources
diverted but the resources of the courts and administrative
agencies are also clogged.

Perhaps more important than the damage to the TLS
system in a sheer cost sense is the damage to the TLS as a
contrcl mechanism. The TLS, as part of the Criminal Justice
System of our scociety, is dependent upon public support and
must maintain a position of fundamental fairness to operate
effectively. Inappropriate rule making which creates
fundamentally unfair enforcement, adijudication and sanction-
ing constitutes a detriment to society.

The impact of such improper setting of speed limits
can be evaluated only when one recognizes that more citizens
have contact with the Criminal Justice System and its con-
stituent agencies through traffic viclations than through

any other single cause,

4.3 Speed Limits and Risk

The basic objective of the Surface Road Transportation

Avstem is to facilitate the flow of goods and peoplce from



peoint to point as safely as is possible. It might be more
appropriate to think of the basic objective as having two
components:

1. Maximize Flow

2. Maximize Safety

It should be obvious that some conflict exists in the
concept of the two components. The flow rate would theoret-
ically increase as speed increased. Similarly, it could be
hypothesized that safety would decrease as speed increased.

Examination of the real world reflects that a trade-
off has occurred as drivers have made heuristic judgments
in arriving at the speed they travel. Thus, it appears
that a discussion of the risk of flow disruption or the
risk of an accident or other potential safety threat must
consider such real-world activity. ©One could picture the
concept of risk as a curve with a minimum point as shown in
Figure 4-~1. Available data indicates that the slope of the
curve is gquite flat near the minimum point indicating that
there is a range of speeds with nearly the same risk value.

It would seem desirable to encourage drivers to operate
their vehicles at speeds within the speed band with minimum
risk.

Theoretically, maximum speed limits could be set at

the upper end of the speed band, minimum speed limits at
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the lower end of the speed band, and advisory speed limits
at the middle of the speed band.

Establishment of enforceable maximum limits lower than
the upper end of the minimum risk band would not act to
reduce risk within the SRT system and would be inconsistent
with the objectives of the TLS system.

Thus, it appears that a method for establishing a
maximum speed 1limit should result in the selection of a
value for the speed limit that would fall at or near the

upper end of the minimum risk band.

4,4 Speed Limits and Driver Acceptance

There has been a tendency on the part of many indi-
viduals asscciated with rule-making and highway safety to
assume that the correct method of dealing with a particular
problem is to enact a law making the undesirable behavior
illegal and it would cease. The illusory nature of this
concept is perhaps nowhere better illustrated than in the
case of speed limits.

While it is qguite possible to compel response to
unreasonably low speced limits by the presence of over-
whelming enforcement resources, such a level of resources
simply does not exist in the United States. The chances of

a violator being detected and apprehended are so low that



travel speeds are selected by most drivers guite independent
of considerations of the illegality of exceeding a speed
limit. Studies have reflected that unreasonably low or
high speed limits are ignored.

Unfortunately, all drivers do not ignore unreasonable
speed limits. The net result of improperly selected speced
limits appears to be a widely dispersed mix of speeds.
Some drivers ignore the limits others obey them. The
resulting speed distributions are often characterized by
wide differences in travel speeds.

This result is inconsistent with the studies that
indicate risk increases with deviations from a mean speed.
It 1s also inconsistent with those studies which indicate
that a normal distribution with a small standard deviation
is desirable.

Thus, it appears that for a speed limit to minimize
risk effectively, the speed limit must be accepted by the
majority of drivers as reasonable and must be voluntarily

obeyed.

4.5 Factors Affecting the Development of a General Method

The search for a general method to establish speed

limits has occupied the attention of traffic specialists



since the wheel was invented. The literature is replete
with discussions and methods.

Most discussions recognize the almost infinite set of
variahles arising from the man-machine-highway mix that
interact to influence the choice of an appropriate speed
limit for a particular highway. The type of drivers, the
mix of vehicles, the geometry of the particular highway are
just a few of the factors that could be considered.

While a method for establishing speed limits for a
particular class of highways might be based on a complex
evaluation of such variables such as number of intersections
per road mile or nature of roadside development or any
other number of physical characteristics, such an approach
would be incapable of being widely generalized.

Researchers in the field of speed control have generally
recognized the futility of attempting to base a general
method on characteristics of a particular highway environ-
ment. Instead, they have recognized that the general behavior
of the driver mix serves as an indicator of the influences
of highway environment. Each driver considers, consciously
or unconsciously, a range of factors and selects an appro-
priate travel speed for a particular highway. An examination

of the distribution of travel speeds of a sample of safe



drivers appecars to serve as the best i1ndicator of an appro-
priate speed limit. The impact of the innumerable other
variables are reflected in distribution of vehicle speeds.

The weight of expertise supports the concept of such
a general approach and accepts that a value selected by such
a method represents a best estimate. Such an estimate would
then be judgmentally evaluated in light of local conditions
and minor corrections made if warranted by factual data.

A general method has definite value for the overall high-
way safety field. It promotes consistency in a wide range
of jurisdictions which in turn could be expected to produce
better driver response or compliance.

While such an approach is accepted by the majority of
researchers, the literature still contains references to
"optimal methods" which are conceptually inconsistent with
the approach eof a general method. If one accepts the
common scientific interpretation of the term "optimal” as
the single bhest value, one must also conclude that it cannot
be appropriately applied to a general method designed to
select a value at or near the best wvalue. Thus, this report
focuses on a general method for the establishment of a
"reasonable" or "appropriate" speed limit as opposed to an

"optimal" speed limit.



4.6  Factors Affecting Implementation of a General Method

If the hypothesis that wide implementation of a general
method of establishing speed limits is desirable to promote
commonality and consistency within the SRT system is accepted,
one must be concerned with the development of an implemen-
tation scheme that can be widely used.

Two basic considerations underlie implementation of any
technique in the highway safety field. One, can 1t be
implemented by existing manpower resources? Two, can it be
implemented utilizing existing technology?

In general, the manpower available for the establish-
ment of speed limits possesses limited scientific education
and training. Major urban areas and state highway depart-
ments are usually staffed by competent traffic engineers.
Smaller urban areas often assign traffic engineering duties
tc individuals without formal education or training.

The actual mechanical establishment of speed limits,
even in the major jurisdictions, is often assigned to non-
engineering personnel. The range of judgment exercised by
such individuals is evident in the mix of speed zones on
our highways. It is not uncommon to discover the function
of speed zone establishment assigned to law enforcement

officials. While there are noteworthy exceptions, in



general, such individuals are not familiar with traffic
engineering practices and tend to rely on intuitive judg-
ment. Such judgment is often conditioned by years of con-
cern with speed as a primary perceived accident factor.
Frequently, the result is a speed limit lower than appro-
priate for existing conditions.

The implementation of a general concept will be
dependent upon its presentation in terms that can be easily
understocod by an individual without engineering or scien-
tific training.

Speed measuring devices and traffic counters are
almost universally available in most jurisdictions. The
cost of such devices is relatively low so that acquisition
or expansion of existing equipment could be accomplished
with minimal difficulty. More sophisticated equipment is
not generally available nor is the manpower available that
could use such eguipment.

The method developed for implementation must rely on
data that can be collected by existing manpower utilizing
presently available or easily acquired instrumentation.

4.7 Criteria for a General Method of Establishing Speed
Limits

The discussions in the prior sections have indicated

certain factors and constraints which structure the



development of a general method of establishing maximum
speed limits.
A general method should meet the following criteria:

1. Be fundamentally fair in the context of the
Traffic Law System.

2. Be related to risk of dysfunction in the Surface
Road Transportation System.

3. Be accepted as reasonable by drivers.
4. Be capable of general use on a range of highways.

5. Be capable of being implemented by existing
resources.

Such criteria have been considered in the analyses that

led to the development of the recommended general method.






v

5.0 DISCUSSION OF METHODS [FOR USTABLISHING SPLEED Lirlico

In previous sections of this report numerous techniguc.
for establishing maximum speed limits have been described.
The present section is concerned with:

1. Screening these technigques to eliminate those

which clearly fail to meet the five criteria
listed in section 4.7.
2. Turther analysis of the techniques surviving the

preliminary screening proccss.

5.1 Screening Analysis

A total of thirteen techniques for establishing maximun
speed limits were identified in the literature review and
the survey of jurisdictions. The screening analysis matched
cach of these techniques against the five criteria listed
in secction 4.7. Those techniques which clearly failed to
meet any one of the five criteria were eliminated from further
analysis. The results of the screening analysis are
summarized in Table 5-1. Note that numbers 6, 7, 8, 9, 11,
12, and 13 in the matrix are only elements that may affect
driving speeds, and thereby fail to meet all the necessary
criteria.

In considering this presentation, the reader should
bear in mind that the criterion "Be related to risk
of dysfunction in the SRT system” means that a causal rela-

tionship between dysfunction and speed must be shown to
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exist by the present body of evidence. PFurther, the
criterion "Be accepted as reasonable by drivers" is intended
to imply acceptance by a large majority of drivers.

The table shows that, based on elementary considera-
tions, only three of the techniques can be considered to be
generally in consonance with all five criteria:

* Taylor's theory of speed distribution skewness

* Opperlander's cost-oriented approach

* The 85th percentile method

It is noted that criteria 2 and 3 are the ones nmost
commenly not met by the various technigues,

The pace speed failed the screening test by the
narrowest margin. It was rejected because, by definition,
it is accepted as reasonable only by more drivers than
any other speed increment, Thus, the drivers traveling
within the pace speed do not necessarily comprise a large
majority of the drivers, and criterion 3 is not met.

5.2 Analyvsis of Selected Methods for Establishing Speed
Limits

The three approaches for establishing speeds limits
which survived the initial screening process are subjected

to further analysis in this section.



5.2.1 Taylor's Theory ol Speed Distribution Skewness

Taylor's theory (l77) states that accident frequency
i1ncreases with increasing deviation of the speed distri-
bution from normality, where the deviation is increased by
the non-symmetry of the speed distribution. Thus, a speed
Iimit may be said to be "effective” 1f the skewness of the
resulting speed distribution is small.

The Tennessee Department of Highways has applied this
theory in a study which undertook to define a method for
determining speed limits and to present proof that the
recommended speed leads to a speed limit which scrves 1ts
stated purposce, namely the reduction of aceident rates. To
do this, speed data were collected at many speed zones.
Those zones with a small value of skewness (i.e., non-
symmetry) were selected as having effective speed limits.

Next, the Tennessee study attempted to determine which
characteristics of the speed distribution (i.e., 85th per-
centile, 90th percentile, mean speed, or median speed) was
most clearly represented by the posted speed limit, The
result of this investigation, based on 384 locations, 183 of
which showed normally distributed speeds, was that spead
limits below 50 mph are best represented by the 85th per-

centile, and those above 50 mph are best represented by the



90th percentile. From this result the conclusion was drawn
that the 85th or 90th percentile should be recommended where
the appropriate conditions prevail.

Several questions arise regarding Taylor's theory and
its application by the Tennessee group. The first is a
basic one regarding the nature of speed distributions.
Taylor states that:

In a situation where all drivers are able to

determine and evaluate the conditions that exist

at that time and at that location, the resulting

speed distribution is normal with no skewness

and no kurtosis. (177)
Unfortunately, no data supporting this statement can be
found nor has there been any analysis of how the probability
distribution is influenced by speed, traffic cbstacles,
roadway obstacles, and other factors. For example, there
is evidence that speed distributions may be bimodal in the
vicinity of intersection. This effect is shown most vividly
by the IRPS data collected in Monroe County, Indiana.
Figure 5-1 represents data collected on SR 37 over a two-
hour period. The sensor site was located within 50 feet of
an intersection. A distinct bimodality is noted with peaks
occurring at 24 and 40 mph. Figure 5-2 indicates bimodality
may occur also at locations where there are other types of
traffic flow impediments. The sensor site was located near

a bridge under repair where traffic was being slowed by a

flagman.
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It is apparent, then, that before Tayior's assunptions
regarding normality, skewness, and kurtosis can be accepted,
we will need more data describine the probability distri-
bution.

Tnn application of the thecry by the Tennessee group
alsn raises a guestion. The Tennessee study used as the
measure <f normality the skewness index S.I., where S.1I.

is defined as

2(P83 - P54} and

5.1 = 553 =)

il

P7 7th percentile speed

P50 = 50th percentile speed

P93 = 93rd percentile speed
This 1ndex provides a measure of symmehry, not normality.
For example, applving the skewness index to a normal distri-
bution will resuit 1in a skewnesg index of 1.00, but the
same result will also be obtained for any other symmetric
probability distribution.

It is also important to note that Taylor's theory

does not provide a measure for distinguishing the effects
of left skewness from the eftects of right skewness. A
curve skewed to the right (i.e., with most of the probability
distribution to the right of the peak cf the distribution;
will have more cars going faster than will one skewed to

the left, and it would seem that the severity, if not the

- 66 -~



frequency, of accidents would be greater for a right skecw
than for a left skew. It is believed that this factor
should be considered in any theory of speed distribution.
Thus, considerable work needs to be done before Taylor's
thoory can be accepted as a basis for a methodology for
determining speed limits. One believes that considerable
insight could be gained by analysis of those 195 Tennessee
locations which showed non-normal distributions. The Ten-
nessee study does support the concept that for symmetric
speed distributions, speed limits below 50 mph are best
represented by the 85th percentile, those of 50 mph and

higher, by the 90th percentile.

5.2.2 Oppenlander's Cost-oriented Approach

A major criterion of a speed limit is the degree to
which 1t results in a reduction in accident rate. Oppen-
lander's approach takes this factor into account, along
with several others, all of which are reduced to a common
denominator, cost. He seeks the speed limit which mini-
mizes total cost, where the cost components are the opera-
tion cost, the time cost, the accident cost, and the cost
of comfort and convenience. Operation cost is assumed to
be a decreasing function of speed; accident cost is assumed

to be very small relative to the other two and is assumed



veoo heoaearty constant; and bhe asst of comfort and convenlenco
rooassumed to he non-quantifiable. With these assumptions,
Oppenlander creates a total cost function and finds its mini-
mum at some "optimum speced.” He then selects upper and

lower speed limitg "in such a manner that the average speocd

oL travel on the roadway seclion heing speed-zoned coincides
with the adjusted (for roadway environment conditions)

gpeed. "

The advantage to Cppenlander's approach is that it makes
the problem of determining optimum speed limits a problem
of public chroice, with the cost function being the cost to
the public as a whole. In such a context it 1s possiblo
tu analyze such questions as the trade-ofis bretweon costs
of increased law enforcement and benefits of increased traffic
flow, if increased traffic flow is shown to be the result of
more stringent law enforcement. It is also possible to
analyze the costs and benefits of conducting speed surveys
in order to determine the speed limit which most facilitates
traffic flow, if such a speed limit does indeed exist.

Thus, Oppenlander's approach is regarded as having
considerable interest conceptually and one deserving of
future study. Such future efforts must place a heavy em-
phasis on the determination of the cost components. The cost

of the political and emotional impact of high accident rates,



ag well as ways of assessing nore accucately the relatively
concrete cost components (o.g., vehicle, loss of earnings,
insurance) must bhe treated,.

we wust, nevertheless, conclude that Oppenlander's
appreoacn 15 not surficiently developed to serve as a bhasis

implementation. Future research may change this

4y
O
~
+

nresen

conciusian.

5.2.3 The 85th Percentile Method

1

The 85th percentile speed is mentioned in most of the
literature dealing with the establishment of speed limits.
It is a speed which uses the speed data usually collected
by traffic specialists; it 1s a speed easily calculated
once data has been obtained; and it is a number which
reflects the judgment shown by most drivers in their reac-
tions to the environmental conditions of the roadway.
Further, a substantial body of data has been ccllected
which indicates that the method may be consistent with the
objective of low accident involvement rate {(number of
accidents per 100 million vehicle-miles).

A study by Scolomon (167) shows that 85th percentile
speed is in the speed range where the accident involvement
rate (number of accidents per 100 million vehicle-miles) is

lowest. This conclusion has been given added weight by a



tute uand supported by IRFS.  This sturdy concludes:

There was not sul fieiont data avaiiable to

allow a full analyeis but 1t appears that this
study reinforces the setting of speeds [aio]

3
i

limits at the 85th percentilie speed. The stan-

dard deviaticn of thoe speed distribution is from

5ot Y omph.  Approximately 85% of the drivers
drive b

iow the mearn plus onge standard deviation.

ey

The ddryivers having speeds botween thoe mean and

oche stanvard deviation above thoe meas are defi-

Altely in o low-involvement group. “Thoe roeglion
bhetweon »ne and two standard deviations above

i

thae mean speed encompassas approximataeiy 10 por-

~ont of the drivers and does not have a signifi-
cantly greater involvement rate than at moean
speed. This region from the end of the Iirst

to the end of the second standard deviation is
approximately the tolerance level aliowed by
police agencies.

I minimum speed limits are set a similar

arcumc.af. would lead to the conjecture that the

1

imit zhould be placed at about the 15th per-

centile speed with enforcement at about the

5th percentile. (191

Henvoe,
SIS

wirlch

L recent study performed by tho Rescarch Trianglo Insti-

current literature indicates that the 85th percentilce

limit is one falling in the speed interval withiin

fow accidents oocur .

e 55th percentile, by definition, also reflects the

suidgment of most drivers. This fact is brought out in

1

'Speed Zoning -- Why and How"™:

This [the 850th percentile speed) 15 thoe speed

at or below which 85 percent of the traffic



1s moving. Experlence has snown that this is

the onc characteristic of traffic speeds which

most nearly conforms to a reasonable limit.

Speed limits set higher than the critical spceced

will make very few additional drivers "legal"

for each five mile per hour increment of speed

increased. Speed limits scot lower than the

critical speed will make a large number of

reasonable drivers "illegal" for each five mile

ver hour increment by which the speed is

reduced. (208)

It seems remarkable that the speed range which 85%
of the drivers do not exceed 1is also the safest. Appar-
ently the public's perception of hazard is a valid one.

The arguments, then, for the use of the 85th percentile
speed as a speed limit are that, first, the B85th pcrcentile
speed is a speed below which the probability of occurrence
of an accident is low; second, the §5th percentile reflects
the safe speed for given environmental and traffic con-
ditions as reflected by the judgment of most drivers. The
85th percentile has the additional advantage that it is

easily obtained with present equipment and with a minimum

of computation.






6.0 ANALYSIS OF IRPS DATA RELATING SPEED AND ACCIDENTS

6.1 Introducticn

This section of the report introduces data collected
by the IRPS Computer-Sensor System. Analyses of the data
are presented in order to provide a further basis for
choosing a method for establishing maximum speed limits.
The three methods discussed in the previous section will
then be re-examined in light of these analyses, and a
recommended method will be presented,

Since May of 1969, IRPS has been collecting extensive
speed and accidenﬁ data in the vicinity of the Indiana
University in Monroe County, Indiana. The speed data were
collected automatically by sensor loops installed at
seven locations on Highway SR 37, near Bloomington, Indiana,
and at four locations within Bloomington. The sensor
loops are connected with an IBM 1800 computer. The arrival
time and speed of each car which crosses a sensor loop are
stored on magnetic tapes. These data are availaple begin-
ning in May, 1969, up to the present time. A detailed
description of the sensor loop system is given in Appen-
dix B.

In addition to these speed data, there are accident

files for SR 37 as well as for the areas surrounding two of
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the four locations within Bleoomington. These files have
beon Xept since the beginning of 1968. Among other infor-

maticn, the exact positions of the accidents are listed.

The analvtical investigations were conducted in two
yarts. TFirst, the interrelationship between the parametors
which define speed distribution and accident freguency woroe
studied from the viewpoint of sensor locaticn., Por each
of the seven sensor sites on SR 37, these parameters were
cemputed, and statistical comparisons were made. Thus,
for each pair of parameters studied (e.g., mean speed and
accident frequency), saven data points were available.

The other approach taken was to lump the data from
all sensor sites and examine the parameters derived from
the aggregate. In this approcach, it was possible to study

the accident rate distribution as a function of speed.

0

6.3 Results

€.5.1 The Effect of Location
For each of the seven sensor sites on SR 37, six
characteristics describing vehicle speed distribution were
ccmputed using standard statistical techniques. Thesoe
parameters are defined as follows:
Vv = Average spead

Jy = Standard deviation of speed



V = Coefficient of variation
Vge = 85th percentile speed
V85—15 = Difference be?ween 85th percentile and
15th percentile speeds
Sk = Pearsonian coefficient of skewness

The results of these calculations, plus the number of acci-
dents occurring within 0.4 miles of each sensor site are
summarized in Tabl=a 6-1. Statistical analyses of these

data led to the following conclusions:
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TABLE 6-1

SPLLEL DISTRIBUTION CHARACTERISTICS AT DIFFERENT LOCATIONS
{(MEAN VaALUES OF LOOPS OPPOSITE TO LDACH OTHER)

LOOE

Number v o Vgs-15  Vgs v &y N
10/14 58.3 8.3 16.0 66.4 .14 -0.12 13
9/13 55.4 9.1 17.4 64.2 .16 -0.13 21
3/12 53.9 7.6 13.1 60.8 0.14d -0.25 12
0/4 40.7 8.7 17.8 4.7 N.18 -0.50 16
1/5 46.0 6.9 13.4 52.9 0.15 -0.02 9
2/6 50.9 7.9 15.7 58.7 0.17 0.05 4
3/7 54.9 7.6 14.3 62.2 0.17 -0.07 G
Notes: 1 NA = Total number of accidents within 0.4 miles of
a sengor site during 1968 and 1969.
2. N
. = N,
A A % 100
NV

where: N, = Total number of vehicles passing
sensor site during 1968 and 1969,



l. Parameters which measure speed spread {(e.g., o)
tend to increase with increasing number of acci-
dents.

2., There is no apparent relationship bhetween traffic
mean speed and number of accidents.

3. The speed distributions at all of the sensor
sites are nearly normal.

4. A large increase was noted in numbers of accidents
with increasing absolute value of speed distribu-
tion skewness. This increase was observed even
though the maximum skewness that occurred was only
0.5. These findings are consistent with Taylor's
theory. (177)

Thus, it seems clear that speed distributions containing

a large spread of speeds may be associated with high acci-
dent rates. An analysis of the fine structure of accident-
speed distributions was conducted next to determine the
amounts of spread that may be tolerated as relatively "safe,”
and that which the traffic law system should seek to eliminate

by the implementation of suitable speed limits.

6.3.2 Accident Frequency Distribution Studies

This analysis considered how accident involvement rate

varies with the deviation of the speed ot the accident-
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involved vehicle (AIV) from the mean speced of the traffic
stream. The rationale followed was that in order to achieve
a high level of traffic flow, the highest possible speed
limit would be sought consistent with acceptably low acci-
dent rates. Thus, the speed limit would not necessarily

have to occur at the speed which resulted in absclute mini-
mum accident involvement but could be higher, if the accident
involvement did not increase more than a few percent. Speed
limits occurring in regions of rapidly increasing accident
involvement were not permitted.

The basic data used were theose collected by IRPS in
Monroe County, Indiana, and reduced and presented by RTI in
reference 191, Since we were seeking a maximum speed limit
rather than a minimum limit, a cumulative distribution was
used which showed accident inveolvement rates at all AIV spead

deviations less than a given value.

The data are presented in Figure 6-1. Curves are shown
for SR 37; SR's 45, 46, 48 (total); and all SR's in Monroe
County. Turning vehicles have been excluded to make the data
appliicable to our purpose. Note that regardless of which
roads are being considered, the slopes of the curves are
nearly constant and ireasonably low for AIV speed deviations
of less than 10 mph from the mean speed of the traffic stream.

A precipitous rise is noted in accident-involvement rate in



Miles

1
hr

Cunmulative Accident Involvement Rate Per Million Vehicls

EFFECT OF AIV SPEED DEVIATION FIGURE 6-1
ON ACCIDENT INVOLVEMENT RATE
FOR VARIOUS STATE ROUTES IN
MONROE COUNTY, INDIANA

{(non-

turning vehicles)

90th Percentile /
S50+
85th Percentile C)
(O sr 45, 46, 48 ;;7
N SR 37 Eé
40+—
-~ All SRs in Monroe Co.
30—
O +
NO :/
+
1T
+ -+
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fo~*—*”"”“—'écﬁf‘—”~_—~—ZCXﬁdr~
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Deviation of AIV from Mean Speed of Traffic Stream. M. P.H.
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the speed deviation region 10 < VVAIV < 20 such that, for
example, vehicles traveling at speeds up to 20 mph greater
than the mean have an accident-involvement rate nearly
twice that of vehicles traveling at speeds up to 10 mph
greater than the mean!

It is therefore clearly important that maximum speed
limits be set to reduce the likelihood of travel at speeds
much greater than 10 mph from the mean speed of the traffic
stream.

Consideration of a method to implement this concept
must take into account two real world practices. First,
speed limits are almost universally established in five-
mile increments. Thus, the impact of rounding values 1is a
consideration.

Second, enforcement practices allow a tolerance, that
is a range above the posted limit before enforcement action
is taken. This is justified partially on the basis of
possible measurement error either by the officer or the
driver. The fact that actual travel speeds vary so that a
well-intentioned driver may slightly exceed an absoliute
limit is also considered.

Thus, any value selected as a function of speed dis-
tributions is likely to be altered in implementation. While

the impact of a lower implemented value may not have great



risk significance due to the relatively flat slope of the
risk curve, the opposite is true of a higher value.
The 85th percentile speed (85, 77, 98, 99, 113, 140,

203, 204, 205, 206, 208, 209) appears ideally suited for

such a speed limit. First of all, it is a speed which, by
definition, 85% of all drivers do not exceed, so that
enforcement action need be targeted at a maximum of 15% of
the drivers. 1If, however, enforcement is set at the 85th
percentile plus 5 mph (i.e., mean speed plus 12 mph), only
about 4% of the drivers will be enforcement targets. Further,
the resultant accident~involvement rate will still be
acceptably close to the region of lowest accident involve-
ment.

The case for a 90th percentile speed limit is not as
persuasive. It is, to begin with, uncomfortably close to
the high accident involvement region, which is alsc a region
of great sensitivity to small changes in speed deviation.
Additionally, even a small enforcement margin places one too
high up on the accident involvement curve.

Some researchers have stated that a 90th percentile
limit may be more attractive in situations where the mean
speéd of the traffic stream is greater than or equal to

50 mph (207). At first glance, the Monrce County data seem



to confirm this (figure 6-2). However, if percentage in-
crease in accident-involvement rate is the critericn, then
the 90th percentile limit fares no better for mean =speeds
over 50 mph than it does for those less than 50 mph. Con-
sider, for example, the percentage increase in accident-
involvement rates obtained from increasing the enforcement
speed from 85th percentile plus 5 mph to 90th percentile
plus 5 mph. For mean speeds of less than 50 mph, there is
an 11% increase in accident-involvement rate, while at

mean speeds of greater than 50 mph, a practically identical
10% increase is noted. Thus, the 90th percentile limit
would appear to be preferable for speeds over 50 mph only
if absolute accident-involvement rate is the criterion and
acclident-involvement rate, rather than accident-involvement
disutility, is to be minimized.

Actually, in any real world application, the effect of
setting a speed limit at the 90th percentile rather than the
85th percentile would be difficult to detect. 1In the first
place, IRPS data indicate that the speeds associated with
these points will not in all likelihood differ by more than
2 to 3 mph (see appendix E). Secondly, the practice of
rounding speed limits upward to the nearest 5 mph provides
a band of tclerance which, if the limit were set at the 85th

percentile, would include the 90th percentile.
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7.0 CONCILUSIONS

The concept of establishing a maximum speed limit on

the basis of the 85th percentile of travel speeds on a

highway is recommended. Such a maximum speed limit meets
the risk management objectives of a speed law and can be widely
implemented utilizing existing manpower resources and tech-
nology.

Such a limit is:

1. PFundamentally fair in the context of
the Traffic Law System.

2. Related to risk of dysfunction in
the Surface Road Transportation System.

3. Accepted as reasonable by drivers.
4. Applicable to a wide range of highways.

5. Capable of implementation with existing
resources.

The recommendation of the 85th percentile speed limit
concept is supported by a substantial portion of the technical
literature as well as the data and analyses of the present
study.

A method for implementation of the 85th percentile
concept is explained in the next chapter and presented in

detail in Volume III of this report.
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8.0 THE RECOMMENDED METHOD

This section discusses in detail the recommended imple-
mentation method for setting a speed limit and the rationale

behind varicus aspects of the method,

8.1 Background

In order that the findings c¢f this study might ke trans-
lated into a usable form, it was decided that an implemen-
tation manual would be structured to apply to any level of
traffic personnel involved in the setting of speed limits,
but primarily it would be directed toward those people without
a college engineering background who are responsible for
setting speed limits in smaller communities and jurisdictions.
As was stated in section 3,0, the survey results indicated
that often an enforcement or public works official is res-
ponsible for determining speed limits in such jurisdictions.

Since the.findings of this study indicate that at
present the best speed limit is a "reasonable” one, this
manual is an implementation of the 85th percentile method.
According to the conclusions of this research, the 85th per-
centile criterion produces an appropriate speed limit value
in terms of the objectives of a speed limit defined in

section 4.0. Also the literature and the survey indicate
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that the 85th percentile criterion is not only reasoconable

but is also familiar and acceptablie to numerous people in

the traffic field. Among those who responded to the guestion-
naire survey, awareness of the 85th percentile criterion

was nearly universal.

Because the 85th percentile is familiar to many traffic
specialists, it is undoubtedly put to usc in various ways
throughout the country. The purpose of this manual, then,
is twofecld. First, it is to teach traffic specialists how
to correctly derive a speed limit from the 85th percentile
critericn using statistically valid procedures. Secondly, it
is to promote uniformity throughout the country in the
setting of speed limits.

Before discussing the implementation method, itself,
it is important to understand how the method will be presentead
to the individual traffic specialists. Since cne of the
primary objectives of the implementation package is to promote
uniformity throughout the country, it is obvious that the
implementation method must be distributed to a widely dis-
persed audience. It is also desirable that the presentation
be relatively simple and understandable, as well as low in
cost. Because of these three qualities, ease of distri-

bution, ease of understanding, and low cost, a self-instruction.



educational method -- programed learning -- was chosen. It
was decided that the educational tool would be most effec-
tive if presented in two parts. Thus, the manual consists
of first, a programed educaticnal text which teaches the
traffic specialist the 85th percentile method, and second,

a field workguide for him to use as a checklist while
actually setting a speed limit. This package has the addi-
tional advantages that no special instructors are needed and
that the educational program can be worked at the convenience
of the individual traffic specialist. The programed imple-
mentation text can be found in Volume III of the report.

In addition, a brief presentation ¢©f the recommended
method can be found in Volume IV of the report. This manual
was designed for the experienced traffic engineer, and
contains a short discussion of the recommended implementation
of the 85th percentile method, plus the field workguide

that is presented in Volume III.



8.2 Sampling Method

The recommended method of setting a speed limit is
based on a statistical procedure known as systematic samplinc.
The choice of a sample data method is based on a real-world
constraint of utilizing existing instrumentation teo collect
speed data. Devices available to local jurisdictions are
normally radar, VASCAR, or switch-actuated timing devices.

The use of these instruments makes it literally impossible
to measure the speed of every vehicle under many traffic con-
ditions.

The gystematic sampling technique best meets our reguira-
ments for a sampling method for determining the 85th per-
centile speed, namely, that it be feasible, accurate, easy
to use, and easy to understand. The data for use in systematic
sampling is a speed sample the traffic specialist can collect
in a reasonable time interval using readily available instru-
ments. The accuracy of systematic sampling in yielding an
85th percentile speed which closely approximates the 85th
percentile speed of the population is shown elsewhere in this
report. Systematic sampling is easy to use -- only simple
hand calculations are required. Finally, the method of
systematic sampling is easily understood -- it is, if any

method can make that claim, the natural way to take a sample.



To take a systematic sample from a list it 1s necessary
to determine the number of units to be skipped. This number
is usually determined by the desired size of the resulting
sample. For example, if a sample of size ten is desired from
a list of one hundred speeds, a lcgical skip size would be
ten, i.e., after the first speed in the list is chosen,
cvery tenth speed thereafter is also chosen, the sample of
speeds being made up of all such selected speeds. Such a
sample will have ten speeds, as desired. The position in the
list of the first speed chosen can be determined arbitrarily
or with the use of a random number table, so long as that
position is in the first ten at the beginning of the list,

In this example, the first speed in the sample might be the
seventh speed in the list. Then the other speeds chosen
would be those occupying positions 17, 27, 37,. . . , 97 in
the list. Choosing the speeds in this way gives a "syste-
matic" sample.

A good discussion of systematic sampling is given in
Hansen, Hurwitz, and Madow, Sample Survey Methods and Theory,
(John Wiley & Sons, Inc.: New York, 1953) vol. 1, pp. 503-
505. There it is pointed out that systematic sampling is a
simple and proven technique when periodicities do not exist
in the data or when no multiple of the interval between

samples is a multiple of the periocd of the data. In the data



collected in this study, no nroblems arose with such noriod: -

ities.

(93]
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To use systematic sampling is determining the 8%
percentile, 1t is first necessary to determine when the sampi:
speeds should be taken. It is recommended that this decision
be based on a plot of traffic volume versus time, a plot of
data easily obtained through the use of a traffic counter.
With this plot, the traffic speccialist can determine which

time intervals correspond to the traffic volumes of interost.

I
P

[}

Such a plot is given in F'igure 8-1. The traffic speciali-
must use his own judgment to classify the trafiic flow into
high, average, and low volume.

From each of the time intervals corresponding to the
desired volume of traffic, the traffic specialist measurcs
speeds 1in the hour falling in the middle c¢f the period or,
if the periocd is less than an hour long, for the entire
period. Data from each time interval with the same volumse
are kept separately. The traffic specialist ¢ounts the
number of speeds measured during each interval. ile theu
divides the number of speeds of each interval either by i
or ny the smallest number of speeds in any interval i7 inad

nunber 1s less than 100, and rounds the result of his

divisicn down to the next integer. This integer is the "uki:
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size" referred to above. With this skip size, the traffic
speclalist takes a systematic sample from Lhe speeds he has
collected and calculates the 85th percentile speed., Figure
3-2 and Figure 8-~3 give tabulations of both sample and povu-
lation speeds and the resulting 85th percentile spceds.
Figure 8-2 1s for the average volume part of Figure 8-1;
figure §-3 is for the high volume part of Figure 8-1.

In Figures 8-2 and §-3 the difference between the 85in
percentile specd when calculated using syostematic sampling
and when calculated using the entire speed population {as
gathered with the computer sensocr system described in Avpgpen-
aix B) differ by oniy one mile per hour.

The Institute has applied the technigue Just described
tc data from loops in traffic zones with speed limils of 20,

40, and 55 mph, for high and average traffic volumes. In

J
-
T

sddition, a variety of diffecrent roadwave have bosn

1,

In every cese, the E5th percentile speed calculated Trom
systematic campling differed Ly no more thao w010 Ler

hour from that

oLebed from o the entise populiation; for
high and medium volumes the difference was nevery morn han
one mile per hour.

In summary, the £5th percentile speed i1z a good indi-
i

catvor of an appropriate gpeed limit, and the method of

svstematic sampline n¢ presented above has beern shown to



Total Total

Speeds gam-lpm 2pm-3pm . b, Specds 9am-10am Z2pm-3pm o, T,
1-39 26 6 32 1-39 1 E 4
40-54 330 59 421 40=-54 32 29 65
55 63 15 499 55 9 7 81
A 56 76 17 592 56 1 8 90
v 57 72 13 677 57 5 4 99
E 58 73 22 772 58 4 7 110
R 59 99 24 895 59 5 9 124
A 60 102 10 1007 60 4 6 134
G 6l 58 6 1071 61 3 1 138
E 62 70 15 1156 62 3 4 145
63 50 12 1218 63 2 5 152 FIGURE 8-0
vV 64 69 9 1296 64 6 2 160
o 5 43 14 1353 3 5 4 169
1. 66 32 5 1390 3 3 175
U &7 29 2 1421 2 1 178
M 68 31 7 1459 68 4 3 185
E 69 25 6 1430 69 2 0 187
70~79 76 12 1578 70-795 8 4 139
g0-89 8 0 1586 80~89 1 0 200
90+ 1 0 1587 90+ 0 0 200
_ X .85 x .B5
T 1349 T 170
population sample
3pm- Total L 3:15pm- Total
Speeds lpm-2pm 4:30pm c. f. Speeds lpm-2pm  4:15pm c. E.
1-39 10 16 26 1-39 3 7 10
40-54 83 142 251 40-54 26 29 65
55 14 42 307 55 5 8 78
56 19 42 368 56 7 4 89
H 57 18 47 433 57 7 8 104
I &8 16 34 483 58 7 1 112
G 59 23 42 548 59 8 7 127
n 60 11 38 597 GO 6 4 137
61 17 25 639 61 6 8 151
v 62 17 31 687 : 5 6 162 FIGURE §~
0 6 9 20 716 ® 3 5 170
L {64 11 21 748 64 2 2 174
u 9 19 776 65 2 5 181
M 66 4 15 795 66 1 2 184
E 67 5 8 808§ 67 1 0 185
68 7 3 818 68 3 1 189
69 8 8 834 69 3 1 193
70~-79 15 19 868 70-79 5 2 200
80~-89 1 0 869 80-89 0 0 200
90+ 0 0 869 90+ 0 0 200
X -85 % .85
739 170
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a statistically sound and accurate method for deteruining

the 85th percentile speed.

8.3 General Comments

Several additional points included in the recommended
method must be discussed.

No gpecific equipment is recommended for measuring
speeds, however, it is critical that the measurements be
taken in a manner that 1s not obvious to the drivers on the
roadway. It should be noted that the survey results of this
study indicated that nearly all jurisdictions have access
to radar units. It was also shown that mest jurisdictions
had traffic counters, and, of course, if in any casc such
counters are not available, a manual vehicle count is
possible.

It is recommended that in most cases speeds be measured
during clear, dry weather and average volume conditione.
Generally the traffic specialist will want to set a sgood
limit to deal with the driving situation most conducive to
the faster speeds that could be expected on the road. Most
drivers will automatically be slowed down by poor weather
conditions and by increasing traffic volume. As volume
incoeages on a road, the driver tends to flow with the

traffic stream rather than cbey the speed limit. Tt is, of



course, stated in the educational manual that predominant
weather conditions and specific problem volumes may be used
when appropriate.

After the 85th percentile speed has been computed, the
speed limit is determined by rounding to the next higher
5-mph. The purpose of this is to include as many vehicle
speeds as possible under the speed limit consistent with
the discussion in section 6.0 of risk.

In its application the method put forth in the imple-
mentation package is not to be viewed as rigid. Much of
the substance of the programed unit consists of common
sense and good judgment. There are no hard, fast rules for
such activities as selecting a representative measurement
site; however, the purpcse of the text is to alert the
traffic specialist to the factors which should be taken into
consideration. Thus, the entire methcd should be employed
with careful judgment and good sense. The speed limit
resulting from the application of this method should be
subject to evaluation in terms of the traffic situation with
which the limit was to deal. 1f, for example, the new limit
creates an entirely new traffic speed pattern or increases
the accident picture, additional studies must be conducted

and a more appropriate speed limit reached. It must be



clearly understood that traffic behavior is dynamic, not
static, and that a new speed limit may change traffic

patterns enough to require additional changes in the limi<:.
In any case, the speed limit must meet the need created

by the individual traffic situation.



9.0 COMMENTS ON SPEED LIMITS AND SPEED CONTROL

Prior sections of this report have presented recommenda-
tions and conclusions that the authors believe are supported 3
by data, the analyses, and the literature. In this chapter
certain concepts and recommendations are discussed which the
authors deem ap?ropriate for consideration but are not supported
by sufficient emperical data to warrant advocacy as proven.

In essence such commentary represents the authors' insight
into the problems of speed limits and speed control.

9.1 Special Speed Limits for Trucks and other Vehicles

Particular interest was expressed by the Sponsor in the
rationale for separate maximum speed limits for trucks and
other vehicles.

The survey conducted of various jurisdictions and reported
in section 3,0 contained questions focused on this issue. In
general jurisdictions with the same maximum limit for all
vehicles responded that this was done to avoid impeding the
flow of traffic. Those jurisdictions with lower maximum
speed limits for trucks, buses etc., responded that this was
done in the interests of éafety. No jurisdiction gave any
indication that any empirical data were available to support
any position.

Conceptually, an argument can be made against a separate

speed limit on the grounds that it would produce a separate



gpneed distributicn which might resclt in the low end of fhe
distribution heavily repres=nted in the high risk area of the
overall traffic distribution. In the same sense it might be
said that +the lower limit would produce platooning on two
lane highwavs which would impede flow and generate passing
activity which in turn might increase the potertial for acoi-
dents.

An argument can be made for a lower limit if it can he
established that trucks and other like vehicles can not travel
safely at or near normal maximum limits. This is in effect
stating that the risk curve for trucks rises more sharvly for
speeds above a mean speed than does the curve for cars and like
vehicles.

The data collected in this study do not provide an answer
to these issues. Examination of truck speeds at those points
where free flow was possible does not indicate a significant
difference between truck speeds and that of other vehicles.

Lower speeds are noted on grades., Tt should be noted
that speed limits would have little impact on such behavior as

it stems from vehicle limitations not driver choice.
One is led to suspect that concern over maximum limits for rrv .-
buses, etc., may be a misallocation of "worry". Our data, and oti.

studies (159, 165, 190} indicate the slow moving vehicle to

ety

be of high risk. It would appear more satisfactory +to consider
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the problem of the slow moving truck. Pragmatically road
geometry may provide the basic speed control mechanisms. Thus,
some response 1s reqguired to identify the slow moving truck

on grades. New York and some eastern states have required
vehicles traveling on limited access roads at speeds lower
than 25 mph below the speed limit to flash both rear blinkers.
It would seem this simple practice could be widely implemented
with probable risk reduction.

At the same time it would appear relatively simple to
gather basic data on speed behavior of trucks on highways
(1) with the same maximum limit (2) with different maximum
limits for trucks and cars. The distribution of speeds of
trucks and all traffic should be comparced for both sets of
highwavs.

If it were apparent that the result of a lower maximum
limit were to cause a significant number of trucks to travel
at a lower speed so that the overall distribution of traffic
was skewed or the standard deviation significantly larger,
one would conclude that the lower limit was inappropriate.

It is perhaps more probable that the distribution of
truck speeds would be more narrow and fall within the minimum
risk range of general traffic. It is also possible that one
would find that the lower maximum limit did not fall at the

actual 85th percentile of truck speeds.
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In absence of sound emperical data we would neithar
support nor deny the reasonability of lower limits for trucks
and buses but would regquire those seeking to impose a lower
limit to present clear evidence that risk management is serves
by such action. Imposition of the limit without such persuasiv.

evidence can only be regarded as an inappropriate act that wi?

w

cause misallocation of Traffic law system resocurce

.

9.2 Minimum and Advisory Speed Linits

The establishment of minimum and advisory speed limics
was not included within the scope of the study. However, 1t
was impossible not to review the literature on such iimits or
tc consider them in the context of the theoretical hierarchy
of speed control. Adequate data collection elements were not
included within the research design to allow the formulation
of supportable emperical conclusions concerning such limits,

Certain insights are suggested by both the literature

and thecretical considerations. First, if one accepts the

concept that it is desirable to have as many vehicles as possii’ o

travel at or near the speed which is associated with the
minimum risk, it would appear logical to set advisory speed
limits at that value. The best evidence available suggests
that the minimum risk value i1s the mean speed of trafific.
Accordingly, it would seem that advisory speed limits should

be established at the mean speed of traffic.
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Secondly, the literature and the RTI-IRPS study clearly
indicate the danger created by slow moving vehicles. In fact
there is some evidence to indicate such vehicles constitute
as much or more risk than do those traveling faster than the
maximum speed limit. Examination of the risk curves indicate
that the risk starts to rise at about one standard deviation
below the mean speed and rises sharply at two standard devia-
tions below mean speed. It would seem logical to place
minimum speed limits at the value associated with two standard

deviations below the mean speed.

9.3 Enforcement Tolerance

The practice of allowing some range of speeds above the
posted speed limit before enforcement action is initiated
is well known in law enforcement circles and equally well
perceived by most drivers.

Unfortunately, the precise nature of the reasoning which
governs the formulation of police on tolerances is not well
established or widely known. Attempts to encourage law en-
forcement policy makers to write or speak on the subject have
not met with much success. The precise tolecrance allowed in
a particular jurisdiction is a function of many factors not
the least being the mood of the particular enforcement

officer observing the viclation.
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It appears quite clear that the basic concoept undoriyd
the decision nct to make an arrest In every possible instano.
when a speed limit is exceeded is sound. The probliem lies 1o
devzloping a general rule that can be consistently and widel:
applied.

If once accepts the fact that enforcement rescurcecs are
quite scarce and should be selectively assigned against
highest risk some of the daza takes on particnlar significanc
Examination of the risk curves indicatcs that while the risk
starts to increase at approximately the B8Lth percentile (whaio
is approximately one standard deviation from the mean speed:
increases even more sharply at two standard deviations from th=
mean speed. Thus, drivers traveling at a speed two standard
deviations from the mean speed are a clear risk and should ho
subject to enforcement response. In the cases examined the
standard deviation had a value of about 7 mph. Thus, a typicai
distribution would have a mean speed of about 58 mph, a speca
limit at the 85th percentile of 65 mph, and the second standar
deviation would fall at about 72. The risk curves would
suggest 72 mph as a resonable point to initiate enforcement
action.

What is of perhaps more interest is the fact that the usc
of the two standard deviation concept gives a rule that can

be applied as traffic flow behavior on a particular roadway
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changes, Traffic at 8 am or 5 pm will have a different mean
speed than will traffic at 3 am. Examination of mean speeds
might result in the decision to enforce at or close to the
posted limit during timés when the mean speed dropped and to
allow a much wider tolerance during low volume hours when
mean speeds are higher.

The data are nct sufficient to allow a precise conclusion
that the tolerance should be established at the value associa-
ted with two standard deviations from mean speced. What should
be understood is that for a particular highway the risk does
vary as a function of mean speed. A single tolerance does
not satisfy the concept of risk management and selective

assignment of scarce law enforcement resources.

- 105 -



9.4 Measuring the Effectivencusn of Speed Limits

A great deal has been written and said about the impact
of speed limits but almest no:empirical data exists that can
be used ‘¢ quantitatively establish the precise effect cf a
speed limit. In the absence of such knowledge 1t bhecones
egqually impossible to state guantitatively a method to measure
the effectiveness of a speed limit.

If one thinks of the ckiective of a speed limit as regu-
lating traffic in the risk management sense to achieve the
objectives of the traffic law system and the SRT system, two
measures of effectiveness are suggested. One, nas the flow
rate increased? Two, has the accldent rate increased?

The measurement of flow if thought of in terms of through-
put may be evaluated in terms of increase in average or mean
speed. Readings of speced distributions before and after alter-
ation or establishment of the speed limit may be coxpected to
give some insight. However, the issue of accident reduction i=
much more complex. Accidents are infreguent events no matter
how numerous they may seem. Further, the factors involved in
accident causation are numerous and many variables are at nlay
that cannot be influenced by a speed limit, The accident exper:
ence might actually rise following a change to precisely the
best speed limit due to the action of intervening varzablics.
Thus, dependency upon accidents for an evaluation of the

cffectiveness of a speed limit on a particular highway is at
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best a lengthy process of uncertain reliability.

Obviously, some interim jrcasure must be identified. The
work of Taylor and the Tennessee Department of Highways is
most promising in this regard. Consideration of the shape of
the resultant distribution and accompanying parameters holds
parhaps the best clue for a measure of cffectiveness.

Conceptually, it would be ideal if all vehicles traveled
at or near the same speed. This would minimize the potential
for conflict of traffic traveling in the same direction. This
concept is limited in the real world by differences in the
capabilities of vehicles and drivers as well as the speed dif-
ferentials that are created by entering and leaving the highway.

For a given highway there exists some sct of vehicles at
any instant of time that must travel at a speed lower than the
mean speed of traffic simply because of vehicle condition or
driver destination. Thus every distribution of speeds will have
a definite set of vehicles to the left of the mean. The extent
of the distribution to the right of the mean is more difficult
to identify. The decision to travel faster than the average
speed 1s a function of individual driver judgment and includes a
mix of risk perception, time pressure, individual driving confi-
dence, vehicle confidence, familiarity with highway, etc. Such
decision-making process may be more susceptible to influences by
speed limits but the extent, mode or manner is not now clear.

It would seem generally desirable to reduce the number of



drivers traveling at speeds different than the mean specds.
Thus, a speed limit which produced a distribution that was
more nearly normal with a smaller standard deviation would
seem more desireable or more effective. Unfortunately,
data are not available to clearly support this position no
matter how logical we may perceive it.

We believe that considerable cffort should bes made by
the leaders in the field of Traffic Safety to encourage the
implementation of the 85th percentile concept. Such imple-
mentation should be accompanied by post-implementation evalu-
ation to determine the change in the parameters of the specd
distributions. Such changes should be correlated against
throughput and accident experience over a lengthy neriod of
time with every effort made to identify the impact of inter-
venlng variables. Accident experience may be regarded as a
poor indicator for a single highway, but should be useful
for evaluation over a broad highway set over an extended period
of time. Local jurisdictions should be required to collect
post-implementation data at periocdic intervals in a commen

manner to allow cross—-correlative evaluation.
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9.5 Recommendations for further Research:

It 1s a characteristic of every research report that it
concludes with a recommendation for further research which is
needed to solve the question the prcject was originally funded
to answer. It would indeed be difficult to fly in the face of
tradition and hope to maintain any status as a resecarcher.

However, we are constrained to question the wisdom or
feasibility of conducting relatively small scale research
projects on the subject of speed limits or speed control. The
research to date has pointed quite conclusively to a method that
can be broadly implemented and may be expected to have desirable
results. It seems pointless to engage in further research
unless it can clearly advance the state of the art.

The "state of the Art" stops at the point one asks the
question "what is the effect of a speed limit". Such a question
can not be answered by a small scale research project. One must
either alter the speed limits on a fantastically large set of
highways while measuring the effects or settle for a smaller
set of highways and engage in continuous variation of the speed
limit. The first prospect staggers the imagination when one
considers the real world problems inherent in implementation.

The second prospect which would involve instrumenting a
set of representative highways and measuring the response to

variable speed limits is not an impossibility but the cost
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factors associated with v aro stagoering as they would
certainly be within the million dollar range.

One would qguestion the walue of such an expenditure

L

whicn at best could be expected to add only slightly greater
precision to the 85th percentile method. If the cost could
e justified it would likelvy to be in terms of increcased flow
and in such case would be relavant to only a minimal sef of
the highway system, primarily urban expresssways or feeder
highways where maximizing volume is a critical issue.

The issue can probably be better met in terms of the
need for a general information system for the nations highwavs.
The use and value of process control computer systemg has been
adequately demonstrated in the private sector: Initial cfforts
in the utilization of computer systems for signalization have bewo:
successful but have represented relatively trivial demands on
the inherent capability of computer technology.

It would be far more logical to think in terms of develop-
ment of a comprehengive computer based information system for
a highway set. Such a system would collect basic data, evalus. .
it, provide information to highwav users, and those respongii i
for highway safety, traffic control etc. Such a system woull
logically include internal measures of effectiveness that woul’d

evaluate driver response to a range of stimuli merelv onc of

which would be speed limits.



The cost of such a system would nct greatly exceed that
required for evaluation of a single variable such as speed
limits and holds considerable promise for overall traffic
safety management.

It is also believed that cost-oriented methodologies
offer promise as a longer range approach to determihing opti-
mal speed limits. Properly directed, this techniques cculd
place a large complement of highly developed and widely applied
analytical tools in the hands of highway analysts, planners,
and operational ﬁersonnel. These tools could be of great
value not only to the establishment of speed limits, but could
also be applied to a host of other highway problems. Perhaps
even more importantly, the approach éould provide a means for
determining SRT priorities and of allocating resources among
them. Certainly, such a model would be most useful in struc-
turing and designing a highway information system such as that
described above. A considerable research effort will be
required, however, to develop the cost-oriented approach to the

point of practical utility.
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Sources for this glossary were:

T. TRAFFIC ENGINEERING HANDBOOK, Third FEdition,
Institute of Traffic Engineers: Washington,
D.C., 1965.

IiT. DICTIONARY OF HIGHWAY TRAFFIC, J. Stannard
Baker and William R. Stebbins, Jr., Traffic
Institute, Northwestern University: Evanston,
Illinois, 1960.

ITI. TRAFFIC ENGINEERINE, T.M. Matson, W.S. Smith,
and F.wW. Hurd, McGraw-Hill Book Co.: New York,
1955,

IV. MATHEMATICS DICTIONARY, Second Edition, Glenn
James and Robert C. James, editors, D. Vvan
Nostrand Company, Inc.: Princeton, New Jersey,

1959.
absolute spced limit: "a speed above which it is always ille-
gal to drive." Also known as a maximum lawful

limit, (I, p. 538)

advisory speed limit: the maximum safe speed that is posted
below a warning sign. "In most states, the ad-
visory speeds are not legally enforceable, but
in some courts violation of the advisory speeds
is admissible as evidence that the driver was
operating in a reckless manner." (I, p. 541)

average overall speed: "The average of the overall speeds
of all vehicles on a given roadway during a
specified period of time." (II, p. 12)

average overall travel speed: "The sum of distances divided
by the sum of overall travel times (a space-
mean speed)." (I, ». 159)

average spot speed: "The arithmetic mean of the speeds of
all traffic, or compcnent thereof, at a speci-
fied point." (I, p. 159)

critical approach speed: "At an Intersection, that speed above

which a vehicle does not have sufficient distance
to stop in time to avoid collision with another

Preceding page blank
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vehicle approaching the intersection orn the ooy
street " I, w395

critical speed (on curve): "The speed above which a vehicli:
will slide off the curve rather than follow
around it." ({TI, p. 40)

design speed: (of highway): "A speed selected for purposos
f design and correlation of those features ~f
a highway, such as curvature, superclsavation,

and sight distance, upon which the safe opera-
tion of vehicles 1s dependent. It iz the higl
est continuous speed at which individual ve-

A

hicles car travel with safety upor a highwav

when weather conditions are favorable, trafii
density is low, “nd the dosign feoztures of th’
highway are govaerning conditions for

p. 4R)

- D
f'"T‘
et
=
B

safety.

85th-percentile speed: "That speed at or below which 88 per-
cent of vohicles travel." {17, o. 63) TQ;@
xth percentile would also have o orrrosponding
definition.]

free-moving vehicle: "Onc in which the driver is5 st ro-

o - stricted in selecting his speed by other ve-
hicles...Some observers clasgsify a free-moving
vehicle as one which has not less than 6 - 9
sec. headway from the vehicle ahead of it and
is making no apparent effort to overtake and
pass the vehicle ahead of 1t." (I, p. 539)

hecadway: "The time interval between passages of consecutio:
- vehicles measured from head +to head, moving in
the same direction as they pass a given point.”
(IT, p. 91) or "The distance, measured front
to front, between consecutive vehicles.’
(11, p. 92)

lways 1dlo-

ST Rs

maximum lawful limit: "a speed above which it is
gal to drive." Also known as an
limit. (I, p. 538)

ol

o3

¥l
O
—

A

o

median speed (of traffic): "That speed below which 50 peroon

and above which 50 percent of the aspeeds oo~
curred.” (11T, p. 128) [the &Gth percentile!l
modal average: "that speed at which the greatest number of
vehicles travel." ({III, p. 51}
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nominal speed (of traffic): "A running spead at which driver's
operate on = given section of highway in the ab-
sence of traffic interference.” (TT, p. 140)

operating speed: "The highest overall speed exclusive of
stops at which a driver can travel on a given
highway under prevailing conditions without at
any time exceeding the design speed."
(11, p. 151)

optimum speed: "The average speed at which traffic must move
when the volume is at a maximum on a given road-
way. An average speed either appreciably higher
or lower than the optimum will result in a re-
duction in volume." (TT, p. 152}

overall travel speed: "The speed over a specified section of

highway, being the distance divided by overall
travel time..." (I, p. 159)

. CLIME , including
stops and delays, except those off the traveled
way..." (I, p. 159)

overall travel time: "The total time of travel

pace of traffic: "the range of speed which includes the
greatest number of vehicles for some nominal
increment in speed, usually 10 mph." (III, p. 51)

prima facie speed limit: "a speed above which the driver is

presumed to be driving unlawfully but if charged
with exceeding it, a driver may show cause to
prove that his speed was safe for conditions
and, therefore, that he was not guilty of a
speed violation." (I, p. 538}

running speed: "The speed over a specified section of high-
way, being the distance divided by running time
..." (T, pp. 159, 16l

running time: "The time the vehicle is in motion..." (I, ©. 159}

skew distribution: "A non-symmetrical distribution. A dis-
- tribution is skewed to the left (right) if the

longer tail is on the left (right) - also called
negative (positive) skewness..." (IV, p. 126}

space-mean speed: "The speed corresponding to the average
of overall travel times or running times over a
specified section of highwav." (T, p. 161)
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spot speed: "The speed of a vechicle as 1t passes & spot or
point on a street cr highway." (I, ©. 159

ten-mile-per-hour pace: "The 10-mph speed range containing
the largest percentage of vehicles in a sample
of spot speeds.® (I, p. 159)

time-mean speed: "The average of spot speeds of individual
overall travel speed valueg.” (¥, p. 161)
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One of the difficulties witih the trafiic measuring devices in common use i=
the influence the device exerts on the very thing it is measuring. Obtrusive
methods such as radar md speed tapes tend to Interject bias into the data because
of their visibility to the driver.

As an integral portion of the present study, the institute Iouc Research in
Puplic Safety undertook the development of an unobtrusive traffic measuring system
in which loop detectors were connected via telephone lines to a process control
computer.

Eight locations along State Route 37, North and south of the City of Bloomington,
Indiana, were monitored 24 hours a day during Phase [ of the swvudy. This number
was expanded to fourteen during Phase Il.

The unobtrusive instrumentation at each site relayed two signals which were
interpreted by the IBM 1800 computer to vield the vehicle's speed, length, Jocation,
lane of travel, direction, headway (the time differential between the preceeding
vehicle and the vehicle being monitored), and time of transit.

One of the chief attributes of the computer-sensor system is its ability to
collect, array, and store data without outside intervention. No human judgment
{(or error) became a factor in the data assimilated by the system. Other than the
weekly calibration and a replacement of magnetic tape on a five day cycle, no

personnel are involved in the system operatiorm.

1.0 The Computer

The computer system developed for the present project has as its core an
IRM 1800 system, An IBM traffic control system program was modified by project
personnel to the special needs called for when measuring vehicle velocities data.
The requirements of the project contemplatéﬁ the use of the computer as a portion

of an information system which would provide data for decision-making purposes.
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Tne adecision-making process contemplated in these projects was more analveical

in nature; however, the system could also be adapted for tactical decisiou-making.

Hardware
During Phase I, the IBM 1800 system was composed of the following components:

TR IR

(i 1802 Central Processing Unit {l6K, 4mics.)

(2) 2401 Magnetic Tape Unit

{3) 1442 Card Read Punch

{4) 1810 Disk Storage (250,000 words)

(5) 1826 Data Adaptor

(&) 1816 Printer Kevboard

(73 1802 Process Controller.

Twelve interrupt levels ave necessary tor a minimal syscem.  The svsvem also
has a 1053 character printer which is used for data retrieval, while the other
prineery (1816) maintains a printed record of system status.  in order to vogeive
the vehicle information from the highwav, four digital input strips with sixicen
points each are mounted in rhe computer interfacing.,

System Software

The basic system software used in the system desipgn is [BM's 1800 1,5, Time
Sharing Executive (TS8X), Version 3, Modification Level 7., Through a series of
programmed interrupts, queued programs and non-process programs, A48 well as coptimizine
alterations in the systems director, the facility has been adapted to the specific
raquirements ot traffic study. Non-process programs can be vue duricg iow traffic
volume periods wlthout disturbing dats cellection.

Program PILOP, an incore subroutine, scans the A4izit.l inpar poines every o
silliseceads to check the status of each wvehicle detectuor. A 3hirt in wvoltape
caused by a vebicle passing over a magnetlic loop detectar wil! he rec~rdeq alony
with the tlme as indicated on a 33.000 second rlock. This, and the reru™: o

normalcv which aceompanies the passage of the wvehicle, are recorded for two wire
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sropram NC007 writes all the disk 7los magmet fo tape.  in this rashaon,

the ddisn unlt may econtinue to collect and store vehicle data for a period of three
to {four hours (depending on traffic density) before requiring o tape backup. During
this time, previeusiy completed tapes may be re-examined for retrieval of old data
Lrogram ~G012), analvsis or any other task which may require the assistance of a

aetlc tape unil.,

Program NCU1l replaces the tape removed by NCUO/Z. To repain the computer for
any analvsis requiring the tape unit, the NCOO7-NCOL1 sequence may be rerun as often
48 necessary, up until midnight when Program BNDDAY compules the dally totals andg
retnintializes the svstem with the new date.

Frop the signals received from each loop ser, vehicle spoed, length, divection
and iane of travel are calculated. Also recorded is the time of day and the time
between the vehicle in the set and the previous vehicle. in this manner, the svstem

vields lane usage information as well as speed relationship data.,

2.0 Sensor Svstem and Interface Equipment

The sensor consists of an RCA Vehicle Detector Unit which is connected to a
leop of wire placed into the roadway. The vehicle detector senses the presence of
a vebicle in the loop and closes a relay in Lhe detector amplifier. The relay is
connerzed ta a phone line which terminates in an interface system specially develaped
for this project by Indiana University Tnstitute for Research in Tublic Safarv
personnel. The interface svstem interrogates the rolay by means of an electrical
signal and reports the relav state to the computer in digital input foru.

By combining the sensors in groups of four, it is possible to monitor traffic
In twe directions and to detormine the speed and length o1 each vehicle passing
through the loop set. Tnasmuch as the events are time related, traffic densities

as well as information on traffic flow composition may also be determined,
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boops, as both are necessary to caleulate vhe vehicle's velocity, length, direction,
headway and time of passage. PILOP senscs these times, and stores them in the
appropriate buffer in INSKEL COMMON.

Program TR0O01, an interrupt core load, checks the INSKEL COMMON buffers foi
each loop set and dumps any foll buffers to the appropriate disk files. Two 25
vehicle buffers are allotted for each loop set, so that one may be storing data whitl-
the other is being written to disk. If IR0OI scmses that a disk file is full, {t
queues up PCO02.

Program PCO02, a queued program, checks the disk files and dumps the full
files to magnetic tape. The disk files are then reset, and the magnetic tape is
checked to see 1f it is almost full, In this fashion, the system monitors traffic
24 hours a day without operator intervention.

Many non-process operations may be conducted utilizing tne collected data,
and other computer analysis functions may be performed while the uystem is monitoring
traffic, A series of non-process programs have been developed te allow the users
to care for the collection activity while engaged in other activitv, Many of these
programs provide for the muintenance of Lthe computer—sensor system files and its
calibrationr., The time-shaving capability ol the I3 1800 75X provides for seemingiv
coincidental data collection and analys:s activity,

Program NCO03 establishes the disk filew=, initilaiizes the tape and allows for
parameter entry, When the loop sets are calibrared (by radar), adjustments in
velocity and length are accomplished by mesans of modification in one of the conversior
factors within the program which calculated these iltems from the four timeus provide::
hy PILOP,

Programs NCQO4, NCOO5S, and NCOO6 allow the operator to turn the loop scts on
and off, and to enter the Data Input (interface) time sense base, day of week, wealle
and special conditions, The traffic at a given site mav be examined an a real

time basis 1t desired.



Description of Loop Installatiopn

At each site, four leoop detectors are installed in the configuration shown in
Figure B—1. The cuts are 1/8 inch wide, and originally 2 inches deep for the loop
w}res. The wire depth, and the loop dimensions have been subject to some minor
variance in order to optimize response. After the cutting operation, the wire
{19 strand, 14 gauge TW) is placed in the cuts, making three tums per loop, and
all leads are brought out to the edge of the road. When the wire iastallation is
completed, the cuts are filled with a quick-setting hydraulic cement.

At the edge of the roadway, each pair o loop wires is spliced to a pre~twisted
shielded cable, which is buried up to a service pole.

The Service Pole

Mounted on each telephone pole is an equipment cabinet and an electiic power
meter. The cables from the loops come up the pole in a piece of conduit and into
the equipment cabinet, where they terminate on a terminal strip. On this strip the
loops are connected to the detector amplifiers and the detector output (relay
closure) 1s connected to the telephone lines, which im turn run to the computer
room of the Ipstitute (FigureB=2). 115V service is provided to the pole by Public
Service of Indiana for the operation of the Vehicle Detectors.

The Vehicle Detector

The RCA Multi-Pak Vehicle Detector was designed primarily as an intersection
traffic control device. Its solid state circuitry detects a phase shift in the
loop impedance whenever a metallic vehicle crosses the wire loops embedded in the
roadway. Since each loop at the site requires its own circuitry and relay, the
standard package contains a power supply and four detector modules, grouped together
in a 4~Pak configuration.

To adapt the Ve-Det to the special usages demanded by the research activity,
several medifications were required, The original relavs were replaced by faster
mercury wetted relays, and at some sites, the tuning board gain has been increased

by changing two resistors. This may become necessary where the cuts are deep or
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the roadway has steel reinforcing. At some installations, the loop inductance was
s great as to require the addition of external capacltance (0.012 mf, in parallel
with the loop) to achieve a tuning peak within the range of the Ve-Det's variable
capacitance, Occasional tuning is required, as the loop sensitivity experiences
minor fluctuations with time and weather,

The Computer Interface Circuit

An 1IBM 1800 Computer with digital voltage input has two input conditions:

Voltage at input Computer reads
-1 to +30 volts ]
-6 to ~30 volts 3
-1 rte - & volts indeterminant .

The Detector returns a -25 volts signal (sent to the site via one relephone wire)
to the computer digital input point when neo car is in the loop. When 2 vehicle
enters the loops, the relay change at the Detector causes the digital input point
to be connected to the computer ground (zero volts), With this information the
computer is able to compute vehicle speed, length, number of vehicles per hour, and
so forth,

The interface connections system used is of nominal cost {8200) and venlaces a

svystem now in general use, which requires mechanical relays and costs in excess

Sensor Sites: FPhase

Each sensor site has two loop "sets’ -~ 80 called because a sotbt of

o
-

inops is required in each lane to gather tho necessary . ToTmat 1o, WO et AT
montl tored at each site, and this configurarion Is namcd o foop 'paky . purning
Phase [, sixteen loop sets were being monitored on Norti, and Soutnr Stale Route 5/
tor a2 total of eight lecations, i.e., two lanes of travel at eigh® sputs. For

reasons of programming, these sets are numbered from zero through ifteen.  The

additional sites created for Phase LI will be discussed in the toilowing section.
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Loop sets (-7 are located on State Route 37 Sputh, with sets zero through
three monitoring southbound traffic, and sets four rhrouph seven monitoring north-
bound traffic. The scquence of numbering is such that ascending numbers move away
from Bloomington.

Pair G-4 is located in a 45 mph zone, on a blacktop section of Highway 37. 1t
is approximately 75 feet North of an intersection with a stop street. For southbound
traffic, there is a negative slope of -5.2%. This Is a wain artery leading inte
Bloomington, and some rather high rush hour traffic may be experienced (rate of
900+/hour). Loop set zero monitoers scuthbound traffic, and loop ser four monitors
northbound traffic.

Pair 1-5 is located in a 55 mph zone, enough South of the speed change from
45 mph to 55 mph to be unaffected by the former speed limit. The site is in the
middle of a short straight stretch which acts as the connector for two curves in a
peneral "S" configuration. The road is 22' blacktop, and the site is in a no passing
zone, Set one monitors southbound; five moniters northbound.

Pair 2-6 is located in a 55 mph zone, in a 22' blacktop section of Highway 37.
Traffic from the North has good visibility to the site, and its path is straight and
effectively level. 130" South of the site, traffic experiences a gradual curve to
the right. Set two monitors southbound traffic; six monitors northbound traffic.

Pair 3-~7, the southernmost site, is located just beyond the bottom of a long
hill, with good straight visibility in both directions. The road is 22' blacktop,
and the speed limit is 55 mph. Set three monitors southbound and set seven monitors
northbound traffic.

Loop sets eight through fifteen were installed on State Route 37 North, with
sets of eight through eleven menitoring southbound traffic, and sets twelve through
fifteen monitoring northbound traffic.

Pair 6-12 is located in a 65 mﬁh zone, approximately 0.2 miles North of a

flat curve with a speed limit of 55 mph. The geometry is such that speed would be
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cxpectoed to have normalized to the 55 wph zore By the time nortibound vehicies

srve db the site. Seuthbhound ve Licles Lave been in oo €5 mple zone tor over 19 miies.
‘he road 1s concrete, 26" wide. fet eight moniters southbound traffic, and set
twelve monitors northbound traffic.

Tair 9-13 is located at the northern end of the srraight-away from Pair 8~17,

‘oo long flat curve. The full expanse of the South straight-away is not fully

c=ible a2t this site. The speed limit on this roncrete, 247 wide portion of the
rosdway is 65 mph. Seven hundred feet to the North lies a =wull bridge on the same
curve.  Set nine monitors southbound trattic; ser thirteen wmonitors northbound
traffic.

Pabr 10-14 borders the northern end o1 ¢ loag =trod b uphill Lection (for

anrthbeound traffic) which contains a passing zone tor povehbound tratiic. It lie:
midway through a long curve which terminated in the hill section just mentioned.
‘he road is 24' concrete, and the speed iimit Is 65 mph. Hebt Len monitors souti-
bound traffic; set 14 monitors northbound trarific.

Pair 11-15 borders the northern end of a long level curaight-away, and the
southern end of 4 long level curve. The road is concrete, and the speed Iimit is
65 mph. Set eleven monitors southbound tratfic and set fifteen monitors northbound
traffic.

1

Roardway Diagranes — Seasor =ites:  Phase

Figure C.3 shows the logcation of the sensor sites on State Highway 37, Vigures
.4 through C.11 show plan views of the roadwive along Roote 37 North and South which
CONMTaly the above described senscy sites. facluded in the-e sketches are vertical
arrofiles and curvature Information as iadicated.

System Expansion: Phase [

in late July, 1969, a meering cf projecr officials, including these frox the
National Highway Safety Bureau, the Research Triangle Institute, and the institure for
Research in Public Safety, reviewed the system’s capability us an iastrument of
traftic data collection. At that time, the svstem had a demenstrated capabilicy of

=peed measyrements to within +1.0 mph and length measurements to within ~2.0 {eet.
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Figure RB-1
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End View of Wires Placed in Cut

Typical Cut 1/8 inch Wide, 2 inches Deep




T

the wires cross the roadway,
=ust be a minimum of 18' of c

At the southernmost location where
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Figure B-3

Location of Sensor Sites un stute bighwav 37 \
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B4
Plan View of Roadway
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NOT REPRODUCIBLE

Figure B-5

1-5

Plan View of Reoadway Section for Site

ft—— 22

= o e

RAILRCAD

OVE RPASS

A

-

~
@
&
~
"

-

19.91°

[




Figure B-¢
Plan View of Roadway Section for Site 2-¢
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Figure B-7
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Plan View of Roadway Section for Sit
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Figure B--#
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Figure B-1¢
Plan View of Roadway Section for Sire 10-14
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Figure B9
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Figure B-11
Plan View of Roadway Sectrion for Site 11-15
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hase Ll called for post-acecident follow-up and the use of the system as the accident
data cullection approach. To aid in this data collection and system evaluation,
the system was expanded. $ix additional sensor sites were located on State Route
37 North, with the computer software being rewritten to monitor these new sites, The
installation and the computer software were completed November 4, 1969. These changes
are iscussed below.,
5ix loop pairs were added; five were placed in between Loops Palrs 8~12, and
Y~13 and one (Set 20-26) was placed 0.2 miles South of 8-12. Sets 20 thrvough 23
are monitoring southbound traffiec, and Sets 26-31 are moritoring northbeound traffic,
(See diagrams at the end of this section for spacing and locations of these new sites.:
The same basic computer hardware which monitored 16 loop sets was utilized for

tite expanded system. The only addition came in the intorfacing, with four digira!

input strips being utilized, instead of two. The 16K of core did prove to be suliiciciL

after modification of the system software. Also, while the overall lngic remaincd
the same, interrupt levels and core allocatlions were reduced to accomodate the load
levied on the system by the additional input. IBM=furnished TSX up-dates arrived
out of sequence, causing some delay until the system could be built up under Version
3, Modification level 7, but the expanded system came on-line on Novembevr 4, 1969,

In order that the 1800 could monitor the almost twice as wmany loops as boforo,
core work areas were preserved. Whereas in Phase [ each loop set had two 5S0-vehicle
in-corve buffers to store vehicle data until {t could be written ro disk, in Phas. TI1
each was reassigned to two 25-vehicle buffers. Addresses, previcuslv stored 1o core,
in Phase II were calculated by program PILul'. Also, without requiring a rewiring
operation, all unnecessary interrvupt levels were stripped of their in-core work areas,
saving 100 words for each of the four deleted levels. The retained Interrupt levels
were pared down to their absolute minimum necessary work areas. Some of these core-
saving measures resulted in Jonper execurion times, but the basic five miliiscceond
interrupt was undisturbed. All (ifty-six digital input points were stlll scanoed
every tive milliseconds.
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Figure B-12

Location of Additional Sensor Sites on State Highway 37 North
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Figure B-16
Plan View of Roadway Section for Site 23-29
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Figqure B-15
Plan View of Roadway Section for Site 22-28
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Figure B-18

Plan View of Roadway Section for Site 25-131
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Plan View of Roadway Section for Site
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APPENDIX C

SPEED LIMIT PRACTICES

SURVEY QUESTIONNAIRES






5 P

BTALT SURVEY 04-569047

E E D LITMIT PRACTUCOCES

PLEASE CHECK THE ANSWER OR ANSWERS TO THE FOLLOWING QUESTIONS

WHICE ARE APPROPRIATE TO YOUR STATE.

I. Which of the following applies to your state regarding
speed limits?

(1)

(2)

(3)

|

|

|

The state statute sets numerical speed limits

but makes no provision for the setting or changing
of limits by other agencies or jurisdictions.

The state statute does not set numerical speed
limits but makes provisions for the setting of
speed limits by other agencies.

The state statute sets numerical speed limits and
makes provisions for changing or setting of speed
limits by other agencies or jurisdictions.

II. To which of the following agencies is authority to set or
change speed limits delegated? (You may check more than one.;

(1)

No delegation of authority

(2) State Highway Commission

(3) State Traffic Engineer

{4) State Police, Highway Patrol, or other state

enforcement agency

(5) Other state administrative agency

(6) County or municipal administrative agencies

{7) County or municipal law enforcement agencies

(8) County or municipal traffic engineers

{9) Others (specify: )

( )

ITII. TITf in your state numerical limits are set by statute and

local jurisdictions are allowed to set or change limits,
which of the following constraints must they follow? (You
may check more than one.)

(1)
(2)
(3)
(4)
(5)
(6)

]

Subject to no constraints

Must be above a specified minimum speed

Must not exceed a specified maximum speed

Must be reasonable and proper

Must be supported by engineering or traffic study

Others (specify: )
( )

preceding page blank
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Iv.

V.

Using answer choices (1!, (25, {33, (4), and (%), which
immediately follow this guest:on, indicate how speed limits
are set 1n your state ait each of the logations {(a througn m)
listed helow. (vyou may use more than one answer choice.)

ANSWER CHOICES: (1Y BY LEGISLATIVE OR APDMINISTRATIVE DECISION
WITHOUT A TRAFFIC OR ENGINEERINC SURVEY
(2) BY TRAFFIC SURVEYS AND ENGINEERING METHODS
(3) BY CITIZENS' PETITION
4) BY STATE CFFICIALS OR AGENCY REPRESENTING
THE STATE
(5) BY LOCAL OFFICITALS OR AGENCY REPRESENTING
A LOCAL JURISDICTION

exits and cloverleafs

construction zones

intersections

Others (specify:
(

a. __ eXPressways
b. rural two- and four-lane highways
cC. rural country voads

d. urban expressways

e. residential streets

£. business districts

g. school zones

h. T curves

1. bridges

]

k

1

m

"t

If engineering or traffic studies are used in setting or
altering speed limits, check any of the following factors which
are included in the study.

(1) B5th percentile

(2) pace

(3) average test run speed

(4) design speed

(5) maximum comfortakle speed on curves

(6) ball-bank indicator

(7) spacing of intersections and driveways

(8)  mnumber of roadside businesses per mile

(9) slipperiness of pavement

(10) roughness of pavement

(r1)y presence of transverse dips and bump=s

(12} presence and condition of shoulders

(13) presence and width of median

(14) accident experience at that »r simila? locations

(15) traffic veclume

(16) parking and loading of vehicles

(17) percentage of commercial vehicles

(18) traffic signals and other traffic controls

(19) presence of pedestrians

(20) length of zcne and effect of adjacent zones

(21) Others (specify: 0
( )




v

VIII

IX

VI.

II.

a.

Is the numerical spcea limit tor trucks in your state different
from the speed limit for other motor vehicles?

(1)
(2)

YES

NO

Check any of the following reasons which explain the difference
or lack of difference between speed limits for trucks and other
traffic in your state.

(1)
(2)
(3)
(4)
(5)

[

Safety factors (e.g., truck size or maneuverability)

Prevention of road wear

Influence of trucking or other industries

Facilitation of traffic flow

Others (specify: )
(

Which of the following devices and instruments are available to
you for measuring vehicle speed, traffic characteristics, and
roadway features?

(1)
(2)
(3)
(4)
{5)

11

List any of
unavailable

Radar (6) Ball-bank indicator

Vascar (7) Computer

Road sensors (8B) Vehicle counters

Aircraft (9) Others (specify: )
Speed timer { )

the above or any other devices which are presently
to you but which you feel would aid you in your work.

After a speed limit is set or changed in your state, is an
attempt made to determine the effect of the new limit?

(1)
(2)

If so, how?

YES

NO

Rank the following (1 = most important) according to what you
think is the function of speed limits in your state. DRAW A
LINE THROUGH ANY OF THE FUNCTIONS SPEED LIMITS DO NOT SERVE,

(1)
(2)
(3)
(4)
(5)
(6)
(7)

T

To reduce accidents

To slow traffic down

To make traffic flow more uniformly

To increase street and road capacities

To make streets safer for pedestrians

To decrease wear on streets and highways

Others (specify: )
( )
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CLTY SURVEY

5P EEBEOC LI MIT P RACTT ICES

PLEASE CHECK THE ANSWER OR ANSWERS 10 THE FCLLOWING QUESTTONS

WOICH ARE APPROPRIATE TO YOUR JURISDICTION.

Iv.

Has the state delegated any of its authority to establiish or
alter speed limits in your Surisdiction?

(D YES

(2} NO

If so, what agency grants this authority?

(1) State legislature through statute
(2)  State legislature by other means
{3) State administrative agency

(4) Doen’t know

Which of the following agencies or persons have authority to
set speed limits in your jurisdiction? (You may check more
than one.)

(1) State Highway Commission

(2) _ State Traffic Engineer

(3) State Police, Highway Patrol, or other state
enforcement agency

(4) Other state administrative agency

(5) County or municipal administrative agencies

(6) County or municipal law enforcement adgencies

(7) County or municipal traffic engineers

(8) Others (specify:

[

(

Of the choices given in question II1 abhove, who actually sets
most of the speed limits in your jurisdiction? (Use more
than one only if necegssarv.)

Are minimum speed 1limits used (n your jurisdiction?

(1) YES
{(2) NO

|

1f so, check the utypez of roads they are usad on.

(1} expressways

{2y = rural two-lane roads

{3) rural four-lane roads

(4} urban expressways

{5} Others (specify: }
- { - . )




VI.

VII.

VIII.

Are engineering stuldies usea to determine speed limits in
your jurisdiction when they are set or altered?

(1) YES
(2) NO

If engineering or traffic studies are used in setting or
altering speed limits, check any of the following factors
which are included in the study.

(1) 85th percentile

{2) pace

(3) average test run speed
(4) design speed

{5) maximum comfortable speed on curves
(6) ball-bank indicator
(7) spacing of intersections and driveways
(8) number of roadside businesses per mile
(9) slipperiness of pavement
(10) roughness of pavement
{11) presence of transverse dips and bumps
{(12) presence and condition of shoulders
(13) presence and width of median
(14) accident experience at that or similar locations
(15) traffic volume
(16) parking and loading of vehicles
(17) percentage of commercial vehicles
(18) traffic signals and other traffic controls
(19) presence of pedestrians
(20) length of zone and effect of adjacent zones
(21) Others (specify: )

( )

Using answer choices (1), (2), (3), (4), and (5), which
immediately follow this gquestion, indicate how speed limits
are set in your jurisdiction at each of the locations (a
through m) listed below. (You may use more than one choice.)

ANSWER CHOICES: (1) BY LEGISLATIVE OR ADMINISTRATIVE DECISION

WITHOUT A TRAFFIC OR ENGINEERING SURVEY

{(2) BY TRAFFIC SURVEYS AND ENGINEERING METHODS

{3) BY CITIZENS' PETITION

(4) BY STATE OFFICIALS OR AGENCY REPRESENTING
THE STATE

(5) BY LOCAYL OFFICIALS OR AGENCY REPRESENTING
A LOCAL JURISDICTION

expressways

rural two- and four-lane highways
rural country roads

urban expressways

residential streets

business districts

school zones

curves

bridges

exits and cloverleafs

construction zones - 17%
intersections

Others (specify: )

*
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IX a. Which of the following devices and instruments are available
to you for measuring vehicle speeds, traffic c¢haracteristacs,
and roadway features?

(9)

(1) Radar

{2) Vascar

(3) ~ Road sensors

(4 —_ " Aircraft

(5} Speed timer

(6) Ball-bank indicator
(7) Computer

(8) Vehicle counter

Others (specify: )
( )

b. List any of the above or any other devices which are presently
unavailable to you but which you feel would aid you in your work.

X a. After a speed limit is set or changed in your jurisdiction, i:c
an attempt made to determine the effect of the new limit?

(1) YES
(2) NO

b. If so, how?

XI. Rank the following (1 = most important) according to what you
think is the function of speed limits in your Jjurisdiction.
DRAW A LINE THROUGH ANY OF THE FUNCTIONS SPEED LIMITS DO NOT
SERVE.

(1) To reduce accidents

(2) To slow traffic down

{(3) To make traffic flow more uniformly

(4) To increase street and ropad capacities

(5) To make streets safer for pedestrians

(6) To decrease wear on streets and highways

(7) Others (specify:
(

T
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APPENDIX D

DATA TABLES FOR

SPEED LIMIT SURVEY RESPONSES






TABLE I: TOTAL NUMBER OF STATE RESPONSES (48 STATES)

2) 3
3) 46
nay 90
na = no answer
IT. 1)

¥}
8
8
4y 6
5) 3
6) 34
7} 1
gy 4

3

0

na)

I1I.

[«23NG V=N UVEE ST S
e e e o
(o)}

na) 2

IV a. 1) 23 b. 1) 22 c.
2) 42 2) 42
3y o 3) 1

1 : .
2) 34 2) 44 ) 209
3

4) 18 4) 19 4
5
a

(SR
-~ W o

11 4y 17 4) 10
5) 5 18 5) 10 5) 29
na) 0 najl G n

g —

N
=

JUNES) IS U N R

—— —

32

—
(9]
—
(o)
—
[2ale o RN« SLanINT LN W)

< i S O
DNl L) R —

)
)
) 14
)
)

— e e e
—
—

v. 1) 47 6) 37 11) 20 16) 22 21) 10
2) 3¢ 7) 29 12y 25 17y 9 na) 1
3) 23 8) 30 13) 18 18y 22

) 39 19) 23

)

5y 20 10) 15 15) 27 20} 33
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TABLL I o cont'td,

vVi. 1y 30
2y 17
na) $
ca)l L
YITI. answerod "1 answereag 2"
on VI cn V1
L) 20 ]
29 2 G
3) 0 0
4) 9 16
53 10 2
na) 3 5
Cci) 1 0
VIII a. 1) 48 b. 1y n
2y 14 2) 2
3 8 3) 1
4) 15 4) 1
5) 4 5y 2
6) 47 6) 1
7y 18 7y 03
g8) 44 8) 1
93 4 9) 2
na) 0 na)
T i 1) k1S
2) 11
na) 0
ca) 1
-~ 180 -
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TABLE II ¢ TOTAL STATE AVERAGE NUMBER OF RESPONSES
PER QUESTION

I. 1.20
Ir, 2.22
LTI, 1.72
Iv.a. 1..83
b, 1.89
c. 1.62
d. 1.89
. L.79
f. 1.77
g. 1.60
h. 1.25
i, 1.14
J. 1.20
k. 1.27
1. 1.1l6
m. .14
v, 10.31
Vi1. for those who responded "1" in VI 1.36
for those who responded "2" in VI .76

Vili.a. 4.20
b. .27

All averages are based on a denominator of 48, unless
otherwise indicated.
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TV.

Vo oa.

VI,

1)
2)
na)
C(l,\l

1)
2}
3
4}
na)
e

1)
2)
na)
ca)

TABLE TIII:

[ o
GO0 = 00 @ — W

e
fav s o BN

n

110

TOTAL

T

a3
OO o b

s
oS

[ le o3 Sa Run I ) NN

N

NUMBER OF CITY

© L —————— . 1t - 7 e

RESPONSES



vii. 1) 105 6) 48 1Y 44 16} 51 21y 17
2) 45 7y 50 123 25 17y 17 nar 1

33 33 8) 44 L3}y 37 18) 63
4y 56 9) 2 14) 76 19) 66
5y 46 10) 28 15y 5 20) 67
VIII. a. 1) 11 he 1) 3
2) 68 2) 82
3) 0O 3y 2
4y 53 4) 12
5y 12 5y 31
na) 16 nar 16
b 1y 7 i Ly 6
2) 60 yo72
3) 1 5 4
4) 37 dy 17
5) 23 5y 28
na) 33 na 23
c. 1) 8 .o 1) 4
2y 54 71
3y 1 , 3y 00
4y 20 4) 489
5) 29 S 11
na) 36 na) 13
d. 1) 9 k. 1) 1.
2y 74 D) 62
1y 0 3y 1
4y 49 4y 26
5) 22 Gy 37
na) 10 na) 14
e. 1) 31 1 1y 10
2) 73 2) o8
3y 6 31
4y 12 4y 16
5y 45 5y 25
na) 6 na) Zu
£. 1) 27 m. 1) 3
2) 81 2) 1
3y 1 3y 0
4) 17 41 4
)45 R
na) 5 na) 95
g 1) 15
2) 55
33 2
4y 13
5 29
I’u‘l) ].0
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IXx a. 1) 112

2) 9
3) 24
4) 7
5) 2
6} 58
7) 14
8) 91
9} 14
na) 0

X a. 1) 88

2) 16
ncl) f3
ca) i

b.

4

oo
O

no answer

contradilokors

v



TABLE IV: TOTAL CITY AVERAGE NUMBER OF RESPONSLES

PER DUESTION

11, for those who responded "1" in I 1.02

V.b. for those who responded "1" in V.a. 149

VII. 8.93

VIII.a. 1.26

b. 1.12
<o .99
d. 1.35
o. 1.47
f.o 1.5%0
g. 1.18
h. 1.14
i, 1.10
3. 1.18
k. 1.20
I. 1.06
m. .14

T¥X,a. 3.08
b. 41

All averages are based on a denominator of 111, uniecss otlhnr-
wise indicated.
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TasE Vi STATE AND CITY RANKING BY FREQUENCY OF SELECTION OF FACTORS

IN sV AND cVIII

S5TATE RANK i CITY RANK . FACTOR o
:
i é 1 35th percentile

7 : 12 . pace

11%* ! 17 avoeradge test orun anood

5 i 7 desian specd

Lo* i 11 naximum comfortabhlo aneod on curves
: 10 Yoball-bank indicator
i 9 ospacing of intcrseciions and driveway .
? 12 number of roadside Tasinessces per md Lo

-

siippavriness of »avement
roughness of pavemenc
presence of transvesso dips anda Dunns
prescnce and condition of shoulder
prosence and victh of medlan
% accident experience at that or similar
locations
6 . traffic volume
8 1 parking and loadinga of vehicles
20 - porcentage of
5 :
4
3

o -

N~ D D 0oy D
ot
Kol

_— e

= = b
3 I, NIV

L4+

20% £ rcommercial vehicien
1a* : traftfic siunals and other tratfic conteen
11 j presence of nedestriang

lenagth of zones and effect of adjacent
: ZONes
20%* ‘ 21 - others

* two factors with the same rank.
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APPENDIX E

SELECTED SPEED DISTRIBUTIONS

FFROIM THE IRPS SENSOR SYSTEM






1.8 TINTRODUCTION

The purpose of this appendix is to agive the reader some
insight into traffic flow bLehavior. As described in Appendix
B, the computer sensor system records the speed, headway,
length, and direction of every vehicle passing over a sensor
loop, It is thus possible to obtain histograms showing the
entire population of vehicle speeds for a given time interval.
Fach histogram in this appendix gives the speeds of the entire
population of vehicles passing over one loop during one time
interval; the loop and the time interval are shown at the
top of the histogram.

The data are presented in three groupings. Section 2.0
shows how the speed distributions vary with time at a given
sensor site. Section 3.0 demonstrates how the distributions
varv with sensor site location over a singdle time period.

Curves showing various other effects of interest are included

-0 osectlion 4.0.

7.0 TEMPORAL DISTRIBUTIONS

This section shows how speed distributions vary with

time, first by time of day, then by dav of week.

2.1 Distribution by time of day

The speed distributions of FPigures E-1 through F-iZ
ishow the speeds in a series of sequential two-hour time inter-
vals covering the day of November 6, 1869, at loop sitc 10.

Loop 10 measures traffic in the scuthbound lane of Indianz

- 189 -
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State Hichway No, 37, north of Bloomington, This loop 1s ot
the top of a long straight downhill section {for sournbound
traffic) which containg a passing zone for northbound traffic,

Tt lies midway through a long curve which terminates in Lhoe b

Q.
o

>
g5

seotion Just mentioned.  The road is 24' concrete, ar
Timit 1g 65 mph., FPigqure E-1 ia from midnicht to 2 a,.m0 tho
others are sequentially numbered thereafter,
November 6, the road surface was dry.

The effects of rush hour traffic show up cloariy. 1L
also noteworthy that a larger percentaage of traffic i3 within
five mph of the mean speed at the high volume traffic conaii’

than at conditions of low volume traffic.

Rain occurred throughout the day on November 1%,  FPiouroes
E-13 and BE-14 taken on November 13, in contrast to Fiaoures
E-5 and E-6 {(the same time periods but on November &) show

a distinct drop (5mph) in mean speed as well as a distinct

drop in volume (about 60 vehicles during this time period:.

2.2 Distribution by Day of Week

The speed distributions of Fiqures II-15 through -21 2how
how the speeds vary in an Tndiana winter week, Thess distri-
sutions, again taken {rom sensor site 10, show Lho enesds
between 0930 and 1130, starting with Sunday, Novemhaer 3, 047,

~

and concluding with Saturday, Novemboer 15H, L9073, The woatihon

during this week was varied - the roads were dyy from Suanday
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morning until Meonday aighb, when rain was recorded. Tuesdav
and Wednesday, the rcads wore dry: Thursday it rained all day.
About 1300 on Friday, tihe rain turaned to snow, and Saturday
night some suov was still present,

- ghway 37 is heavily travelled, and the roads dry

rapldly once precipitation was stopped. Precipibation doos

not scem to have had mach offsol during this perioed. RNote,

however, on speeds that The speeds on Thursday and on

Saturday are significantiy Zeas Zhan on “he other days. ltote
also that the volume of vehicles during this time per:od

shows surprisingly iittls vaeriztion from 543 on Sunday fto 47

on Friday.

3.0 SPATIAIL DISTRIBUTIONS

Figures E-22 through E-34 demonstrate how speed distribu-
tions vary with location. The locations chosen are those in
the northbound lanes of Indiana Highwav 27 and include loops
7, 6, 5, 4, 26, 12, 27, 28, 2%, 3¢, 13, 14, and 15. Loop 7
is the southernmost loop, and the rest are in their spatial
order north cf loop 7. These lcors are described in more

i

detail in Appendix B. The date chosen was November 6, 19695,
a dry day, between 16300 and 1840.
The volume increases noticably from loop 7 through loop 4.
as Bloomington is approacnhned from the south, and docreases
from loop 26 through locp 1%, as Blecomington is lefit by

vehicles going north. Loop 4 shows a distinct skew to the
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C

left, due in part to an intersection fifty feet from loop 5.
With the exception of loop 4, the distribution of traffic

speeds conforms remarkably well to a normal distribution.

4.0 ADDITIONAL EFFECTS

The computer sensor system enables a detailed examina-
tion of the effects of many factors on the speed distribu-~
tions. The specific effects dembnstrated in Figures E-35 through
E-40 are those of an intersection, some bridge repair, and a

fatal accident.

4.1 Effect of an Intersection

Figures E-35 and E-36 show the speed distributions on
February 26, 1970 for locop sites 7 and 8. These loops are
both located in a 45 mph zone, on a blacktop section of
Highway 37 immediately south of Bloomington, with locop 7
measuring the southbound traffic and loop 8, the northbound
traffic. This loop pair is approximately 50 feet north of an
intersection with a heavily travelled stop street. For
southbound traffic, there is a negative slope of -5.2%0
This is a main artery leading into Bloomington, and sowne
rather high rush hour traffic may be experienced (900+/hour).

Both figures show a bimodal speed distribution, the lower
mode presumably corresponding to the speeds of those drivers
who are turning or are behind those who are turning, the upper

mode corresponding to the speeds of the other drivers.
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4,2 Effect of an Accident

Figures E-39 and E-40 demonstrate the effect of a fatal
accident on speed distributions. Figure E-39 shows the speed
distribution at loop 12 on March 20, 1970, a rather normal
Friday atternoon, for the time interval 1430-1530. At 1345 on
March 27, 1970 an automobile accident occurred five miles
north of this loop. One person was killed and nine injured,
and there was a considerable traffic jam along the road.

The effects of this accident are shown in Figure E-40. The
time covered in Figure E~-40 includes the time when traffic
was stopped as well as that when the traffic was beginning
to move more normally. The traffic jam and the subsequent

speed increase both show up clearly.

4.3 Effect of Highway Maintenance

Figures E-37 and E-38 show the effects of a road ob-
struction - in this case painting on a bridge with a flagman
present. Figure E-37 shows the distribution of speeds of
southbound traffic immediately south of the bridge; figure
E-38 shows the distribution of speeds of northbound traffic
immediately south of the bridge.

As expected, the traffic coming off the bridge is going
slowly (the speed limit here is 65mph) and somewhat irregularly,
whereas that going northward shows two distinct peaks, one
peak presumably corresponding to those vehicles who were slowed
appreciably by the flagman, the other corresponding to those

who were waved on through without much hesitation.
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