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FOREWORD

The following report contains a comprehensive digcussion of these
factors which affect, either dirsctly or indiractly; the psychological
reactions of the driver., Many of the facﬁorsrconéidered nominally be-
long in the field of engineering and, at first glance, appear to héve ne
connecfidn with the subject under considerationo ﬁhus9 the designing of
a highway intersection is basically an enginearing prgblam, However, the
feelings of the motorist as he approaches f$he intersection ars éefinitely
psychological and, along wi;h_the physical characteristics of the inter-
gectien, hslp determine its safety,

Unfortunately, thé exact relationship betwsen physical character-
istics and psychological response is quite often unknown. While, for ex-
aﬁpleg it is common knowlédge that the accident rate for a slippery pave-
ment is much higher than that for a dry road, no one has as yet determined
what portion of the increase is caused by the actual road conditions and
whabt portion by the feelings of nervousness and tension which these con-
ditions engender in the motorisi,

It is thus apparent that much work remains to be doné before our
undergstanding of the role vlayed by psychological factoré‘can be considered
as reasonably complete,

Phis report summarizes much of what is lmown concerning the psycho-
logical factors in highway safety. The paper opens with a considsratiqn
of fatigue and its cauées, Following thislis a comprehensive discussion
éf highway design, construction, and maintenance, and wvehicle design and
operation, with special attention given %o those factors which promote uwn-
desirable psychological responses in drivers, Included in this section of
the report are numerous s?ecific recommendations for minimiging or elimin-
ating such responses., The last sgction of the paper deals briéfly with\fed=
eral proposals for a nationwide inter-regional highway system and for uni-

form traffic laws,




FATIGUE: CAUSES AND GENERAL EFFECTS

Anyone attempting %o make a éﬁuﬂy of fatigue in éelhtipn %o highway
safety is immediately'confrunted ﬁith tpe'¢;fficﬁlty that the exact nature
of fatigue is still unknown and there is ae yet no precise way of measuring
it. | | |

In-generaI; three aspects of fatigue have been distinguished§ (1) a
deerease in the individnai“s capacity for work.(Z) physiological changes in
the organism, due’to the prodﬁction of varieus_chemical products, and (3)
feelinge of ennui, tenseness, aﬁd firedness.l Unfortunately, there is no
very high correlation among these phenomaneo"gldecreaee in werk'outﬁut is
not necessarily aecompeﬁied.by a'feeling of tiredness; in fact, ﬁhe worker
may feel-unusually alert, On the other handg.anVindividual faced with a
difficult task mayepecomelverytired before ever ‘beginning to work, ~Sucﬁ ;
facts indicexe that}attiﬁudes and motivation‘play a.central role in the
preauctien of fatigus, and heve led soms investigators to suggest'that the
word "ﬁat;gﬁe“ be epplied only to those ”euhjeétive feelings of=bodily dis~
comfort arisieg in_a conflict situ&tion9°2 Speeific changes in bodily con-
ditien and in the eapecity to do work would be designated respectively, by
the terms “impairﬁeﬁt“ and “wark‘uutputﬂs.er aimilar expreesi.ons,3 For the
purposes of this paper fatigue will he regarded as embracing bhoth impair-
ment and work output, since these are undeubtedly related in some manner te.
subjective fatiguen

| It is difficult if not impossible to determine the extent to which
fatigue is responsible for_highmay‘accidehts. Table I, which is compiled
from Mlchigan State Pglice accident recorde for 1951, ehows fatigue and
sleepiness to be a factor in only 3 percent of those a001dsnts resultlng in

death or injury; Such a figure, hawever9 is highly questionable., The use
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TABIE 1
MOTOR VWHICLE TRAFFIC ACCIDENTS

IN MICHIGAN 1951

Circumsbances and Conditions Parcéntage of Accidents in Which |

Involved in Aceidents . Circumstances or Cenditions Occur }
i

‘Fatal Fatal and Injury E-‘
Accidents Accidents -

Speeding ' . o 31 28

Driver Fatigued or Asleep 3 3

Driver Vision Obscured - | L 10

Véhicle Defects . ‘ .10 9

Road Defects ... .6 9

Night _ 57 46

Wet, Icy or Snowy Pavement Surfaces .39 35 B

Cloudy, Rainy, Foggy or Snowy Weather 30 40

Curves, Hills and Grades 28 32

Intersections 27 29




of ths expression “fatigued or asleep" indicates a tendency to regard |
drifer fatigue as synonymous with sleeplessness or tiredness, while
ignering iﬁs other manifestations, The number and importance of these
other manifestations is pointed up by an invéstigation of the effect of
length of driving times upen driver affi@ieneyn conducted by the United
States Public Health Service;% This study inﬁluded measurementé both
of bedily states over which the individual has little control and of
mascular reactiqns.resﬁlting directly from a mental stimulus, From the
resulis obtained, a driver fatigua‘complax was‘built up; which included
the following indicating factors: (1} reduction in speed of tepping,
(2):iengthening of time fequired to make a caordinated‘moveméntD (3)
increase in body swéy?-(Q) decreased speed of action, (5) decreased
.steédiness of the héndsgl(6) decrsase in vigilancs as ﬁeasured by drive
ing tesfsB (7) decrease in ability to perceive flicker and, prebably

(8) decrease in ability to distinguish objects in the présence of glare,
(9) reducad.SPeed of eye movement, (10) reduced accuracy in aiming, (I1)
reduced efficiency in sieering, (12) decreased heart rate, (13) increased
white cell count, (14) lemgthened hrakémreagbion time, (15) increage in
blood preésﬁres and (perhaps) (16) slight increase in strength‘of grip.
I% was@ggﬁgluded'that when any number of the above changes occur in com-
bination and an individual has been driving for some time, he may be
éaid to exhibit driver fatigue,

Similarly, excessivs orliﬁsufficient light, obscured visionD n@1se
and %ibrations unsafe roadway conditions, poorly designed highways, and
many other commeonly encountersd canditiéns have a detrementai»effact;uren
driver performance., The moborist operating his vehicle under such com-
ditions finds himself in a conflict situation similar to that created by

any other disagresable hask., - The same feeiings of frustration aﬁd fear
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are aroused, the driver becomes tense, his reaction time is slowed down and
his Jjudgment impaired, all of which increases his chances of becoming invol-
ved in accidenbs,

If all the varicus manifestations of fatigue and the many factors
which centribute te it are taken into account, 1t hecomes apparent that
fatizgne could be a much more important factor in highway accidents than is
gensrally realized even among law-inforcement officials,

Fabigue has many cauvses, I may be brought on by beth ovef and under
exertion, The blood, in over-exzertion, la@bétesg ssprebting an acid called
lactic acid, which promotes fatigue., Iun idleness the muscles detefiaratso
resulting in greater fabigue for a given amount of effort, In addition to
over and nnder-axertion, such specific factors as excessive or insufficient
1ight; noise and vibratiéng cortain personality traits and mantal states;
lack of sleep: and hoet, bhonid weather also conitribute to the developmgnt

cf Ffatigue, These gpecific causes will new be discussed in soms detail,

Vision

Vision has long been recoegnized as playing a major role in driver
performance, and many investigations have been conducted to determine the
influence of the various individual eye conditions, These investigations
indicated that bin@cﬁlay coo:dinaﬁion9 mascular wnbalance, and foveal and
peripherial reaction time have little or no effect upon driver performence,
since there was no significant difference in these factors bebween acci-
dent and novn-accident drivers, However, such defects as myopia, inequality
of acuity betwesn eyes, narrowsd field of vision ("tumnel vision"), astig-
matism, coler-hlindness, uncompensated blind spots, and giare susceptibim
lities, afa allJm@re prevalent in the highmaccidént group,5

Of all the vismal factors related tosceidents, glare has prebably

" received the most consideration, It is a momentary blindness caused by an
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overmabundaﬁce of light entering an eye which is unprepared to receive it,
Thers are two categories of glare - direct and reflected, Direct glare
results when the offending brighﬁnesé is directly in the viewer'!a field of
vision; reflested glare ccours when the brightness is reflected from a
glossy surface into the field of vision, An individual who 'is glare blind
is egpecially susceptible to accidents sincé he réquires a much longer
time %0 recover from the effects of glars than does s persen with normal

6

visicn, 1In reseafch conducted by the Public Health Se:vica to determine
the effect of dirsct glare upon the reaction‘time of drivers, it was foundl
that th@sé who had not driven since a major sleép (6 hours) had & shorter
brake reaction than those who had, JIn the presence of glare, men who had
driven-since & major sleep needed more light for distinguishing objects
thén those who hadn'$, o |

Flicksr mﬁy be defined as a series of ra@id variations in the bright-
ness of a light. Qne of the characteristic properties of the eye is its
ability to fuse these variations in such a manner as to give the appear-
ance of a steady light. The minimum rate of flicker at which this fusion
occurs is calléd the c¢ritical frequengy of flicker, The Public Healtﬁ
Service7 has tested the eyes of.truck drivers to determine the relation-
ship between fatigue and the criticallfrequency of flicker, Measurementis
were made using lights of both low and high brightness, It was faund that
for low brightness, there is a decline in the mean critical frequency with
“inereasing hours of driving. For high brightness, the men who have driven
have a lower mean critical frequency than those who have not driven, but
thers is little difference between the mean critical frequencies for those
drivers who drove from 0 %o 9,9 hours and those who drove 10 hours eor over,
In general, there is a tendensy toward 1éwar critical frequency with an

increase of driving hours and of fatigus,




Sound

Sounds can be divided into twa‘classesg‘ those of transient nature
and those which are steady while they psrsist, Transient Séuﬁds sﬁért
suddenly and die away quickly, whils persistent sounds are-thnsﬁ of é

musical nature or others produced and maintained for a relatively long

period of time,

The average persen can perceive sounds with a rangs of frequﬂnﬁiés
of from 20 t¢ 20,000 cycles per second, the upper limit declining with
increasing age, In the normal individual the rangs of audibility is from
¢ to aboub 140 decibels, a dgqibel representing approximately the least

change in sound level which an individual £z able to disbinguish,

There is no rigid definidion of noiss, I% is usually called "sound
out of place® and is composed of sounds of many different freguencies and

amplitudes, any of which might predominate,. When the pa;tern provides

continuous coverage of & wide range of frequencies, we speak of Fuli be
noise®,

The standard instrﬁment for measuring sound is the audiometer, This
instrment measures the loudness threshold at several freguencies, Under .
laborabory conditions, it hag heen found that the correlation betwsan
scores obtained for two administrations of the same %test range from 0,70
té 0,87, Bven when tests are administered by operators with a minimam of
training an accuracy of & deci?els can bhe obtained; with experienced op-
erators the variation is beiween Z and 3 de@ibeisua

In the ear, sound variations are analyzed and converted into nerve

impulses and are then conducted from the ear te that part of the hrain
which serves as the hearing center, This hearing center c@mmunicéteﬁf
directly or indirectly, with all @ﬁher'parts of the brain., Nolss, there-

fora, may affect not only the ear itself buk vther portions of the hody
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b@yénd the ear, %o which the vibrations, albeit in a different form, pene-
trate, The affects of noise can thus be studied from two voints of view:
ite effects on the ear itself and its effect upon the brain and other or-
gans of the hody, “

Dr, Charles Warren, an eminent British ear specialist, has statedg
that continuous nolse causes a fhickening offthé gayr drum, Thersa ig alye
a stiffening of the small bones within the'eariand a loss of their sbility
to move, Thus noise can cause a gradval loss of hearing and even resultd
in total dsafness;

Poday Few York cab drivers who ply in the most congssied areas of

the eity whers thers is a constant blare of aute horns, sre besom—

ing hard of hearing, Occupational deafness is bee@ming more and

more common, and as our cities are becoming more neisy, thers is am

increass in occupational deafpgss among printers, bus drivers, road

makers, aud traffic policeman,

Begides domaging the sar i%self, noise causes ﬁental apd emotional
upsets, interferes with various bodily funetions, and impairs working
efficiency,

At Golgate University, an experiment was conducted to determine what
effects moisa and vibration have upon the sleeping individual .t The
nine male students whe were used as subjects slept in beds with small
electric motors humg undermeath, The noise and vibration were found to
cauge headachss and eircles under the ayes; the sﬁydeﬁts were unsheady
and wobbly on their feset, heard buzzing noises duriné the day, were ir-
ritated by ordinary thingsp and langhed at aomﬁan OCCUrTences, They
wanbed to be slone, time dragged for them, and they had to sxery unusual
effort to do routine wafko It was also found that noise and vibration
led %o increased blood pressure and muscwlar tension even during sleépo

The effects of the second wask of sleeping undsr such conditions were

more severa thar those of the first week,
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Brain specialist Dr, Foster Kennedy has shown that noise has a de-
finite, detrimenbtal effect upon the mind.,l2 In expariments conducted at
Bellsvue Hospitsl in New York, he discovered that bursting & blown-up
paper bag raised the pressure of the brain of a nearby patient to a point

four times above noermal fer a period of ocne second, This increase is

greater than that produced by morphine sr nitroglycerine; the twe most
powerful known drugs for increasing brain pressure,
Dr, Walter B, Ceunon of Harvard has sbated that noise may affeel

digestion, and loud noise may even hald itng & moise level of 60 deci-

bels was fdund to hava a deeidgd effect in deranging digestignnn,fh@ di=
gastive upset results bscause the nolse decresases the flow of salive in
the mouth and gastric juice in the stomach,
ALl experts agree that a loud, sudden neise causes aboutb the same
reaction in & person as doss a great fright, If the reaction is
severe enough 1% may be followed by shock, a general feeling of
depression, and a losa of vitality, And shock, from a medisal
standpoint, oftem is Eera dangerous than various bodily injuries
which produice sh@cknl
Not only loud n@isésu but conbinuing noises, even litile onas, van
cause great nerveus strain and may lead to neurasthenla and @th@r types
of mental illness,
It is not an exagegerabtion to say that quiite a few casss of insanity
are caused by nerveus sysbems that connot adjust themselves %o the
constant boembardment of neise, People with emotiocnal imbalances,
or who are forced to carry heavier mental loads than they are cepable
of carvrying, ares pushed more rapidly into insanity by noise,
Fumerous measuremsnds have been made of the loudness levels of noisss
from a varisty of sources, The results of a numbsr of such measurements
are presented in Table II, These results indicabe clearly that memy of
the street noisss encountersd by pedestrians and mobtorists are at & high
encugh level %o have adverse effects upon the hearer,

Figars 310 ahows the variations in noise meter readings from instant

t0 instent in 15@@ afternoon phearvations on & residential street, It éan
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TABLE II

TYPICAL NOISE LEVELS COMMOYLY
ENCOUNTERED IN EVERYDAY LIFE*

Seurce of Noise Noise Level in Decibels
gquiet regidencs 30
gquiet radio 35
noisy rssidence 45
guiet straet 50
guriet ante ' ' 50
awtomobile (V-12) - o 65
modern pullman slesper 7 70
busy traffic (15=75 ft.) _ 70
lomi radio in home _ , . 80
very heavy traffic 8o
interfor of aubte (55mph) - : 80
gpoerts car . 90
railroad car 100
subway 105 |

#  Date taken from Handbook of Human Bnginesring Dats, Part IV, ;
Ghn IVD S&@t,II,, e 2@3, . [
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be seen that the noise level does not remain con_stant9 but constantly fiuct@
unates, sometimes.by as much as Zo_iécibels. | | .

Figure 27 shows the relationship betwéﬁn noise level and traffic vol-
ume, It will be noted,tﬂat“when the noise level reaches‘ﬁbout 130 wits its.
rate of increase diminishes sﬁ;rply,‘gnd‘when the %e%el reaches 145 units,
there is no further incrgaif, This 1evelingmoff is propably due to the faet
. that when thé tfaffic volnﬁgijnnreases-the_ayeragetdistance pf the vehicle
froﬁ fhe listensr also increages, |

The deafening effect of varying amounts of traffic in New York City is
presented in Figure'S%g In order %o be heard in hqaxy traffic, a sound
would have %o have_é level of more than siity'decibelsb an intensity éufa
ficient‘to cauge feelings of discemfaft and irritation im the heérer,

Within recent years; city officialg have come te realize that excessive
noise means lowered health and efficiency. In Wew York City the Mayor's
Noise Abatement Commission, as a ;eéult of its stu@ies, reportsd in brief
that the continual pressure of the strident h;;ses:to which New Yorkers wefe
subjected tended to produce impairment of hearingn introduce harmful strains
upon the‘nervous gystem leading to neurastheniec and psychosthenic states,
and interfere with sleep to the point that rest was difficult and in some
cases impossible,l9 |

A nﬁmber of cities have takén stéps tg_pur? noigse, BSan Francisco, for
example, has cut street noises greatly hy replécing old-fashioned streetcars
with modern sireamlined trolley'éoaoh#s.-qummentiﬁg on this changeover, San
Francisco's Health Director, J.C. Gelger daid:

Already we have received enthusiastic reports from hospitals where

noiss formerly created by the eold strestcars has disappeared with

the advent of trolley ceaches, Moreover, the public should notics
a difference in the air as more and more gasoline buses are replaced,
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Vibrabion
Sound and viﬁration differ from eaéhioﬁher chiefly by the manner in
which they are transmitted, Whereas noige is'airbprne, vibration is trams-
mitted through selid structures; ‘Becausé_pf_tbefimportance of the vibra-
‘tion problem in tﬁe antomebile indusiry a number-of gtodies of ﬁhﬁ effacts
¢f vibration upon humans have been made,L
At Purdue Uhiveréity Professor H, MfrJackiin?} conducted tests designed
to arrive at some sort of conclusions asAtqubich type of vibration-vertical,
*1dﬁgitudina19 or btansverse = conld:be,to%e;apgd_by{human beings with the
léast discomfart. In these experiments the subject was seated on & ratiane
covered street car seat, mounted on a vibrating platform or "shake table',
Frequenéy varied from 1 te 17 GPS and ampiitudé from 0 te 2% inches, Obsere
vaﬁians were confined tolthiea easilylﬁiétinguishaﬁle reactions ~ percep-
tible, disturbing, and uncomfortable - wﬁich'have been defined as follows:

(1) perceptible — you feel that you are moving or that distant ob-
Jjects are moving slightly.

(2) disturbing = you noﬁe that certainMorégns or parts of your bedy
have greabter vibration than you yourself and you try to prevent
this condition by tightening certain mqscles,

(3) uncomfortable - you want very little of this treatment,

The.results of the investigation showed that humans will telerate com~
siderably gréater vibration, as represented by a cembination of acceler-
ation and frequency, in the vertical direction than in the other dirsctions
and that they can stand relatively littls iﬁ the,hfansversa direction when
sitting on a relatively'hard and rigid seat,

Reiher and Meisterzz conducted a series of tests designed to measure
the human respdnse to sinusoidal vertié&l and horizontal vibrations applied
with and transverse to body axis with subjects in both sﬁanding and prone
positions, The frequency rangs was frem{jAﬁe 70 éycles per second, & rangse

commonly met with in traffic and industrial vibrations, The subjects indie
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cated bhresholds of sensation to viﬁratory stimﬁlation be reporting sensa-
tione as: (1) not perceptible, (2) waaklyﬁperceptible, (3) easily percep-
tivle, (&) strongly perceptible, (5) ﬁnpleasantu (6) very unplaasaﬁt,
.Standiﬁg subjects proved to be more sensitive to vertical than to hori-
zontal vibrations, while prone subjec§$ were more sensitive to horizontal

vibrations transverse to bedy axis,

RN, Janeway“szg investigation of ﬁu@anftq;erance to vertical simple

: Lo %
harmonic motion is probably the most compreggngive'of the human viltiration
studies, On the basis of a study of %lljayqiléble experimental data, ha

found that the entire frequency range of ﬁéhicié vibration from 0 to 60

cps could be divided inte three @ﬂnss; The 1oﬁ frequeney range included

vibration of from 1 to 6 eps, the middle frequency range vibrations from

6 ﬁo 20 cps; and the high frequency r#hge vibfaﬁions of from 20 %o 6Q_qpso'
Perhaps ths most interesting conclusién that emerges from this study is
that the comfort reactioa in all thres zones is determined basically byl
acceleration fathef than by frequenejﬁof_vibrat?on. In the low fregquency
zone the critical factor is the rate pfjghahgéupf acceleration, or "Jerk®:
in the middle frequency range it is the rate o§=acceleration; and in the
high frequency range it is the velocity. The safe WOfking limits for the

three zones were found to ba:

"Jerk! low frequency range - 40 ftufsec;a
Acceleration: middls frequensy ramge - 3.3bg.. E
Velooitys high frequency rangs - 0,105 in/sec. ‘

Posture

Posture has a great deal of influence upon the performance of drivers,
The uwndesirable effects of poor posture are numerous, When an individual
is in a slouched position the heart’s actibn is impeded, with a consequent

diminution in b@ﬁh guantity and quality of bleed supply and a decrease in
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the eliminatioﬁ'of carbon dioxide, .Déprived of a normal supply of properly
‘oxyeenated bleod, ths"bra%nrbecmeS*mugh méra fapidly fabtigued than it
otherwise would, resuitiﬁg in ihatten@ig@_@gd,;ack of alertness and increase
ing the“poésibiliﬁiaﬂ for aecidentgn .

'Péqf pdsture is probabiy the ﬁcskJ@asilyMgﬁmsdiad of the factors causé
ing fatigué: For a driver te hav?jco;repﬁrpQQQQreg hs éhould be seated in
a.position whichHwill demand a minimughpf mqnﬁg}, nervaﬁs, and muscular
exertion, Substantial supporﬁ should be provided for the lumbar region of
the spine, since it is in this area tbatiﬁgégihgss ié first noted, There
must of necessity be flexion at the hipﬁand_knag, and the position of thg
head and trunk should correspond as nearly as pessible to the position maine
tainedjwhﬁn the driver is standing, ifthéég'cénditions are complied with,

the onset of fatigue will be delayed and its sé#arity considsrably lessensd.

Weathera

The human body maintains ifts temge§gtu;g,ﬁguilibrium_through a dual
control of heat producing and heat less fagtoggé The ability of t;ht-:w..:‘i,ndi,‘v’ix’,d;“=
ual to adapt to environmental changes affecting this heat balance will deter=.
mine his degree of comfort, efficiency in work, and, in Ktreme cases, his
survival, The basic environmental factors foggting body heat balance are
three: air temperature, humidity, an%_#agyi}ation, These thres factors
are lumpsd together under the generalized heading of *Weather®,

The average person at rest is most comfortable ak a_temperatﬁre of be-
twesn 70 and 80°F and a relative humidity of about 45 percent, With a rise
in the temperature of the air, the body adjusts, through the skin as the
blood vessels dilate and more Blood flows, réising the skin temperature and
increasing heat loss. If this is insﬁfficient for maintaining thermal bal-

ancs, the sweat glands become active,
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Humidity has 1little effect on thermal halance within the tempserature
Tange ?OQﬂSOUF but is a vital factor inAcomfort and tolerance when tempsr-
atures are extremely high or low. At extremely high temperatures, with
relative humidity also high, the perspiration ig not evaporated Wt simply
drips from the skin, hence.heat loss is not syegds& up., If the humidity of
either hot or cold air is very low, thé air has a drying effect on mucous
memhranss, making them irritated and more sﬁsceptible to colds and infection,

A%t high temparaturegg air movement aids the loss of heat by evaporative
cooling., Since air lying next %o thq_skin soon becomes nearly saturated,
rapid alr movement causes rapid replﬁcement‘by drier air énd regults in an
increase in evaporation rabe from the skin. An increase in air velecity
alsgo raiées the dry-bulb tempsrature that can be tolerated before persplr-
atién becomes necessary té méintain heat halancenzu

Investigations of the effects of high temperatures upen the efficiency
with which work is performed25 have shown that performance begins to deter—
jorate af about 8?,5°'t§ 920 effective temperatur3926 and deteriorates with
increasing rapidity uwntil at 97° effective btemperature the nwmber of mis-
takes is ten times normal, It can prebably be safely assumed that the per-
formancs of drivers exposed %o these éamé:coﬁdifionsuauld 1ikéwise suffer

in a similar mannar,

Personality and HMental States

Diriving skill is the preduct of twctfacﬁprg = ability and training,
The degree of driviang skill should be a valid indication of itraffic per-
formance but uwnfortanately it is not, The mental state and persoﬁality
traits of the driver also play an important role in his performance behind
the wheael, Brivingz? requires the complete concentration of the mind and
relaxation of the body, but such personal problfms as illness, the loss of

a job, family quarrels, or financial difficulties can cause the motorist
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to become tense and divert his mind from_thé busiﬁess at hand, Under sugh
condibions, his driving skill is adversely affected, and his posaibilities
of having an acecident greatly 1nereg3§@&®%;gggxgduals who snffa? from an
inferiority co&plex aré also often poggvﬁgiygpég‘since théy somstimes Lry
to compensate for their inferiocrity by dgiv@ng”;ecklassiy and shoﬁing off,

In their ability to drive, in&ivi@pa;s_;ggge from the extremsly able
to the tobtally incompetent, There can be no doubt that there exists one
large group of persons who are more accident prone than others, An aceci-
dent prons drivef may'ha skkiliful, e;pgriencedﬁ healthy (so far as can be
determined) and have & pleasant personality; Yéto whenever he gets behind
the wheel, things happen to him,za Since accident pronsness, at least in
some inétances, is ths result of deeplﬁ.bgrigé_éubconscious attitudes, the
condition is difficultd if nﬁt impossib}q‘tﬁ gorrect,

' Mof£ie?9 and his collesgues have attempted to show the relationship
between scores obtained on certain aptitude anq;persenality tests and
driver psrformanca,  This sfudy has succeeded in!shbwing some relationship
between psychological traits and driveg performapce, and has.pointed up
the personality of the driver as a fac§a; ;;$§af§ty. ~The results ebtained
show that the more proficient drivers have a betiter understanding of general
mechanical principles then those having poorer accidént records, Qn the
other hand, accidantuprone drivers sco?eﬁ_gigheg on computational interest
tests, In general, safe drivers ﬁendeg to be more tense,¥ less self-suffi=
elent, and less dominant than others. ;

As one approach to the problem of accident proneness, the Industrial
Health Research Board (British) has de?ised a series of tests to be uni-

formly applied to drivers of public vehicles as well as workers in certain

% This result is Jjust the opposite of what might have been expected,
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other occupations, These tests measure accuracy eand handpéndmaye coordin.
ation, They havelas their ultimate objective the eliminaticn of the most
accident-prone individuals from occuﬁatiqns where this tendency might bs
dangerous, |

3

One investigator, Dr. Charles S, Myers, qﬂhas recommended that a psy=

chelogical investigation of all the factors having a bearing on driving be
ﬁndertaken. For example, in connection with;traffic gignals %he psychol-
ogist would ascertain their best form, height, ete.,, in relation to the

humen factor in their viewers. In his investigation of the lights of roads

and cars, he would take into considsration the dangers of contrast, shadows,
and glare, as well as individual differences ig the speed of adaptation o

sudden great changes in illumination.'

The psychologist would also study the combined total effect of ﬁhe
varioﬁs traffic regulation, in respect to dirsction, spesd, and signals,
upon the motorist. A special efford wqu;d ba_@gde to ascértain whether or
not they were sé numerous asg to imposé exceﬁsivé strain upon the driver,
thus increasing his distraction and e?haacing_hié liabhility to accidents,
Another important aspect of the psychologist’s work would be ths deter—
mination of the mental and physicalrapiliyigs and the temperamental %galities
requirad for a safe driver, With such information at hand, he coﬁld ﬁheu ade-
vise the prospective or inefficient dyiverfas_tp those defects which might
be improved by apecial'training.' o i: . 3 ?
Finally,lthe psychologiét's help‘wauid bauinveksd in,detarmining the
trgatmant to be accorded thé'inaividuql who viqiates 8 rsgulatian; whethsy
ha should be partially or whOll? excuéed frqm punishment or should receive
any form of treatment, In or@ef to arrive at a,féir dacigion, the psycho-
logist would have to inquire into the concious and unconscious mental and

bodily meke-up of the offender and investigate both the remote and direct
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causesd the accident, including the effacts of strain, fatigus, worry,
and such drugs as alcohol, Were suchfa program adopted on a comprehensive
secale in the United States, significant decreases in the number of highway

accidents oceuring might result,
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HIGEWAY AND ROADSIDE. DESIGN

Various factors, including traffic density, assumed design speed,
character of %traffic, and weight.ef traffie, influence the type of highway
constructed in any particular locality, .

The most important factor to be considered in. designing a highway is
traffic density, ie, the amount of,trafficithat the highway will bear,

Data gathered prior to 1939, including speéds of 300,000 vehicles on 2=,

3-, and 4= lanes highways have been analyzed with a view to determining prac-
tical highway capacities for any;highwayAconditionoBI
mining ﬁractical highway capacities, possible capacities, or the traffie
densities at that time_whgn ali vehicles must begin traveling abt the same
speed as the preceeding vehicle, were estﬁhlished. The following possible
capacities were found: about 2,000 vehicles per'hour for both lanes of a
2-lane highway; 4,000 vehicles per hour for two lanes of a 4-lane highway;
and up to 3,600 vehicles per hour for the best 3-lane highways. The %otal
possible capacity of a Uwlane highway depends upon the distribution of traf-
fic befween the twe directions, but normélly is 6,000 vehicles per hour,
Practical highway capacities depend upon such factors as type of traffic us-
ing the highway, congestion tolerated by tpe drivers, and various economic
considerations ~ for example, the funds available for highway construction,
Upder certain conditions, practiéal highway capacities will approach the
theoretical capacities; howevar, on”gural highways or sections designed for
high spee& operations, undesirable conditions will exist when the total
hourly traffic volume exceeds 80@,_1,#00 a#d 2,800 vehicles on 2, 3, and H4-
lane highwayé with good alignment,

The assumed design speed of 4 gighway is considered to be the maximum

approximately uniform speed whi@hfprebably will be adopted by the faster
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group of drivers, buﬁ-not.necessari¥y'by the small percentage of reckless
drivers, The design speed selectedlié determined by consideration of the
topography traversed, the traffic vqlume,,gost of right-of-way, and other
pertinént factors, such as aesthetic considerations., In sffect it is the
common denominator to which all design factors are related to provide a
balance in design and to give the motoristja-highway that encourages safe
and uniform vehicle operation,

The type of traffic that a ppad,wl;L”Qarry also has an important
.bearing on its design., Roads are designated by the letters P, "I", and
MM, according te their type of ﬁiaffic. MpH giomifies that the traffic
will be primarily passenger vehicles, with a sm%ll mmber of trucks having
little influence on the overall traffic plcture° &ruck routes are designated
by the letter "TY; while "M" 51gnifies a road carrying a mixed traffic of
both passenger vahicles and trucks, HMost highways are in the "M" class,

The weight of traffic chiefly affects the design of the pavement and
-subsurface for weight-carrying capacity, If the percentagq of heavy wvehicles
is high, geometric design details such as grades and widths of lane may be
affegted because of the probability that many of the heavy vehicles will
travel slowly,Bz

Some consideration w;}l now be given to the many specific factors enter-
ing into highway and roadside design and construction which have an influence

upon driver fatigue,

Number and Width of Traffic Lanes

- Several studies haﬁe been maéevrecently in order to determine the rela-

tive safety of 2, 3, and 4-lane highways, Rﬁth rather inconclusive results,
Indiana rural a@cident records revealed that U-lane divided highways

had the 1owes€ accident rate per vehiclse mile, followed by 2-lane roads, and

Y-lane undivided highways, Three lane highways appeared least safe;pf all,
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On the other hand, New Jersey and California studies showed 3-lane highways
%o have a lower accident rate then Z2-lane highways. Massachusetts alse found
3~lane highways to be safer than zelade, bﬁt vwhen traffic volume increased
to 24 million vehicles per year, the accident rate rose sharply in relation
to the Z-lane accidenﬁ rate, New Jersey experience indicates clearly thab
4-lane divided highways are muich safer than similar undivided roads, In a
two ysar period féllowing conversion of a ﬂélane undivided highway to a di-
vided highway, fatal accidsnts décreased by 83.3 percent, personal injury‘
accidents by 48.5 percent, and pr;perty damage accidents by 17.6 psrcent,
Separation of the opposing traffic streams is thought to be responsible for
the improvemsgt.Bj
The traffic density of a highway is dgfectly related to the width of
lane necessary for safe driving, As traffic increases, more frequent pass—

3.

ing occurs, and wider traffic lanes become nscessary,

35

Observations conducted by J.T. Thompsen and Norman Hebden”™ indicate
that-zmiané 20.f%,~wide roads are inadeguate for heavy mixed traffic, but
that 22 ft.-wide roads are adequat§ for médern mixed traffic, These con-
¢lusions were based upon observations_oﬁ vehicle behavior when passing,
Speeds generally were within 40 miles per hour, and some of the observations
confirmed the general belief that wider lanés are desirable as speed in-
Creases, ‘In the observations on 22 ft, pavements, the distance between the
right edge of the pavement and the center of the right tire was measured
when the vehicle was being passed. The average distence varied from 2,5 feet
at 15 miles per hour to 3.5 feet at 40 miles per hour,

Steinbaugh‘observed traffic on a str&ight stretch of US=10 Iin Michigan,
: ﬁis study shows that the average distance of the right front wheel from the

edge of the pavement renged from 4,8 to 6.4 fest for vehicles traveling 40 to

60:-miles per hour, For cars traveling in eXcess of 60 miles per hour the dis-
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tance was found to be 8,6 feet, Steinbaugh concluded that the higher the
driver speed, the more the driver crowds the centerline,

Steinbaugh also observed the positions bf automobiles on & ssven degree

curve, He found the average front wheel distance from the payament slge to
be 5.5 feet for vehicles traveling less thanljo miles per hour and 8,9 feet
for vehicles traveling from 30 to 50 miles per hour, He further observed that
over 15 percent of the vehicles using the outside of the curve and traveling
at a speed greater than 50 miles per hour use the wrong side of the road, He

also states that traffic will tend to Pug the inside of the pavement regard-

less of the direction of travel, Steinbaugh advocates a minimum roadway width
of 23.5 feet in either direction.  The inside lane should be 13.5 feet in
width end the outside lane 10 feet wide.

Curbs and culverts tend to decrease the sffectual width of the highway;sé
The motorist recognizes that his vehicle cannot c¢limb a 3 - 4 inch curd, so, L
to give himself a margin of safety he drives clear of them, msually by a dis-
tance of 4 - 6 feet, Obstructions in the outside lane, such as parked cars

have the same sffect Praffic thus becomes crowded toward fthe center of the

road, driver tension increasses, and the result is am increase in the number

of accidents, particularly sideswipe acci&ents,

Curves

Curves are dangerous for $wo feaspns,,“ln the first place they frequently
restrict the driver's gight distance and thereby increase his chances of hav- K
ing an accident. Secondly, the driver runs the risk of overturning or running
off the road in sttempting to negotiate them at high spaed.

Comparisons of the accident rates for curved and non-curved sections of
highways have proven conclusively that curve& are more dangerous, A South
Qarolina study showed thse 1,57 accidents per mile occurred on curves aa C.QMe

1

parsd with 0,98 accidents per mile on straight sections of road, The ssciions
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compared had similar trgffic condiﬁigns¢_;ﬁg Ohio study produced similar re-
sults. Curves of over 4 degrees curvature, fthough comprisingcm&yétpercent of
the total rursl mil@age%accounted for 15 percent of all accidents, The dan-
gérs of curves can be l;ssened in several ways. Signs and pavement markings
cén be used to warn ths‘mﬁtorist that a curve lies ahead, The curve itself

can be banked, and constructed with a nen-skid surface and wniform degres of
curvature, Sight distance may be impfoved by removing obstacles to visien,

37

or by redssigning the road to eliminate curves of over thres degress,

Hills, Intersections

Hills and intersections also account for a disproportionately large num-
ber of all highway accidents. In Qhio, for sxample, hiils with a grade of
over 7 Percant accounted for 8 perpant_of_al} accidents, although they com-
prise dgly 2 percent of all ruralrhighway_milsage in that state. Interses-
tions constitute an even greater hazard, In both Ohio and Scﬁth Carolina, up
to twenty-five times as many éccidgnts occu:red at intgrsactions as on straight
sections of read,

Most hill aceidents are caused by drivers of fast-moving vehicles
attemﬁting to pass vehicles which bavs heen forced o slow down ﬁacause of
steep érades, Juch accidents may ﬁe reduceé‘by eliminating grades of over 3
percent, thus permittih@;mest vehibles to pfoceed ab normai or near normal
speeds, or by widening the highway to four lanes to permit safe passing.

Intersecfion accidents can be reduced by means of grade separations,
"Cloverleaf" type intersections, and traffic circles., The first twe methods,
though exiremsly sffgctivs” ares also very costly and can only be usged -in a
limited number of instances, Traffic circles are also expensive and further-
more of 1little help when traffic is heavy. In the majority of caseéD such
devices as traffic lights and sign# miast be ?elied upon to combat intersac-

38
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Surfaces
i:o - The road surface itself has an important bearing on highway safety, A
too-smooth pavemsnt will cause vehicles to skid in wat-weather while a rough
surface créates excegsive noise and vibration, forcing drivers to reduce their
speed and sometimgs‘evan causing them to lose control of their vehicles, HRid=
ing over rough roads is much more exhausting and irritating to the motorist
than riding over surfaces that are rel&ﬁive%y smooth, All the vibration and
noise are transmitted from the roead surface_into-the vehicle énd absorbed by
‘the motorist, This continuous absorption resglts in irritation, discomfort,
and rapid onset of fatigue, |

Faul ty cénstruction practices account fer a great deal of the surface
igregularities encountered in concrete ﬁavement,Bg When concrete is-dumped fn
heaps in frent of the distributor, the position of these heaps can be detected
by a profilometer on the finished road, even though they had been levelsd by
the distribﬁtar before heing compac'l;e@o Similarly, improper setting and hedd-
ing of forms, and failurs tc securely fix and fishplate fha rails on which the
paving machines travel can result in pavement irregularities of at lsast 1/&
inch, These irrsgularities can be eliminated through contrelled ¢preading of
~ the concrete, and by exercising special care in the assembling of paving forms.

The glare produced by the road gupﬁ@ceﬁétself handicaps the motorist and
eventuaily results in driver fatigue, I% ign therefore, important that pave-
ment surfaces be such that ﬁhair ability to reflect light is rather low, The
reflecfion of light from‘wet pavement surfaces is, in the main, a function of
the texture of the surface, and the color or kind of material has only a rela-
tively minor effect upon the amount of reflection. The least glare is pre=
duced by surfaces wich ars so daeﬁiy indented or grooved that water can drain
away rapidly. Such rapid drainage prevents filcoding of the road surface and

the consequent formation of a film of water which acts as a mirrer and re-
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flects the light of approaching vehicles,

The pavment surfacesxﬁhich_give thellgast glare and most nearly appreach
an even distribubtion of light reflection are the wire-broomed portland cement
concrete surfacesg the open-~type asphaltic concrete surfaces which drain in-
ternally as well as laterally, and the,bi?uminous macadam surfaces, The
superioriﬁy of portland eement gongretes grooved by wire brooms ov&f those
grooved by fiber brooms afisea from the fact that the stiff wire brooms cut
a mere coentinuous groove and hance provide better drainagé than the fibsr
brooms, Ribbed porﬁland cement concrete surfaces have light absorptiﬁn char-~
acteristics equal to the deeply%broomed surfaces Qut are not as practical
from an operaﬁinglstandpointouo;
| The skiddiné properties of & pavemsnt, as well as its tendency %o pro-
duce glars, are definitely linked,to,its surface characteristics, Pavements
whdsé surfaces have a sandpaper-like texture due to the presence of grittj
particles have high coefficients of friction, and vehicles operating upon
them show relatively litile tendency to skid, Conversely, wheré the highway
surface is glazed or pclished the coefficient of friction is low and there
is a greater tendency toward skidding accidents,

The importance of skidding as a cause of accidents is underscored by
studies which show that in 1933 skidding was the direct cause of 7.5 percent
of all highway accidents occurring in Connecticut and a contributing factor
in 24 percent°41 |

In 1932 the Iowa Engineering_E@pg:@mgnt Station nndertock a comprehensive
study of the skidding characteristics of tires on road surfaces in an effort
to determine the true significance of_skidding.%z Tests wer run upon asphalb,
tar, road ¢il, pertland cement céncr&teg and gravel surfaces, as well as u@@n
mud, snow and ice-coversd surfaces Qith and without tire chains., Many btests

were conductéd to. show the effects of tire pressure, whesl leads, types of
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tire tread, and temperature. On the asis of the frictional requirements
when braking and the results of braking effort tests of 2,130 cars, min-
imum safe stopping distances and clear sight distances were established,
1% was ;hown that the skid coefficient at 40 miles an hour should he .4
ar higher if an auntomobile is to be free from the dangers of skidding when
braking on wet surfaces,

The relgtive resistance to skidding offered by the various wet surfaces
tested, starting with the surfaces having the highest resistance, was as
follows: high type asphaltic pavements; tar macadams} asphalt retread and
oliled gravel; untreated gravel; portland cement concrebs; asphalt penetration
macadgm with soft seal coat; mud on concrete or other surface; and snow,
éleetn and ice-covered surfaceSO: With vehicles having new tires, the coef-
ficient of friction obtained in str@ightmahead skidding were well above‘the
recommendsd 0,4 at 40 miles per hour for all surfaces except the asphalt pene=

tration macadam with soft seal ceat, and the mud-and-ice-=covered surfaces,

 With worn tire treads, the ceefficlents cbtained were much lowsr; most of the

bituminons and concrete surfacss which were eatisfactory wheﬁ tested with new
tires, now had coefficients well below ?he minimum safe value of 094;u3

The Michigan State Highway Department has investiga@ed slipperiness,in
pavemeénts constructed using stone sénd ag fine aggrega%eoqa It was found that
the average cosfficient of friction for thess pavements whan wet was‘00289 a8
compared to 0,50 for natural sand-aggregate pavement. Because of the large
numbers of accidents occurring on such pavements, it was necessary to resur-
face them with bituminous material,

It is apparent that driving on pavements which are slippery and have a
tendency te produce glare will rééult in the rapid development of driver fa-

tigus, Indirect glare, like direct glare, temporarily blinds the moborist

and causes an increass in the length of his rsaction time, The metorist who
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drives upon a glippery surface muéf kaép éénstantly on guard against the pos-
sibility of skidding. The extra atr&in“eﬁtailed results in tenseness and

nervousness, thus further aggravaﬁing-aﬁ aiready unsafe condition,

Bight Distances

Because the ability to see ahead is vitally important to the safe and
efficient operation of a highway system, a great deal of attention has been

45 Sight distance may

devoted to the determination of safe sight distances,
be defined as the length qf highway ahead which is visible to a driver., When
not long enough to permit safe passing of overtaken vehicles, it is termed
non-passing sight distence, The minimqﬁ non=-passing sight distance is the
distance traversed by an automobils from the instant a stationary object is
gighted in the same lane to the instant the car comes to a complete stop. It
must of course, be long enough to permit the car to stop before the object is
reachﬂd. "This distance depends upopn such factors as vehicle speed, percep-
tion and hrake ;eaction times, and characteristics and conditiog-of antomo-
bile Hrakes and tires,

A %ight distance which is long enough to permit safe passing of over—
taken automobiles is called passing sight distance, The minimum passing
siéht distance for 2-lane highways is the sum of three distancess (a) dis-
fancs traversed during perception time, (b) distance traversed by passing
vehicle while passing, and (e) distance traversed by an opposing vehicle dur-
ing the operation of passing. In’&étarmining the minimum passing sight dis-
tance for 3-lane highways only distance_(a)jand (b) need be considsred,
Distance (c) can be disregarded because the chances of collisions between
opposing vehicles on 3=lane highwgys are'muph less than the chances for sim-
ilar collisions on 2=lame highways,

The American Association of State Highway 0fficials has established

the following minimum sight distanbes for highways,
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Assumed Design Minimum Non-Passing “Minimum Passing Sight Minimum Passing Sight

3peed Sight Distance - Distance Distance
of Highway : -2 lene Highway 3 Lane Highway
_ -Desirable Acceptables Desirable Acceptable

- feat - fest fee} feet feet
3 , 200 o600 500 i o .
o 275 | U 6 11 I 900 S -
50 _. 330 - 1600 1400 - 1100 © 900
60 475 © 2300 ., 2100 1500 1300
70 . 600 3200 2900 2000 1800

rhs'driver; no matter how Q%ﬁ#fﬁl £b @ay be, who remains hehind a slow
vehicie ortfain of vehicleé for curve after curvé without encountering
oﬁposing traffie is 1ik§1y to becoms irfit@ted° In such a mood, he may be
inclined to %ake chances on passihé:mﬁﬁicﬁwin turn increacses the possibilities

for accidents.

Roédside Menotony

The condition of the roadside itgelf can have a profound influence upen
the development of driver fatigue. Roadside scars, ugly sﬁrfac@ configur~
ations, and monctonous landscapes can lead to feelings of irritation in the
motorist, hence to fatigue and an increase in accident proneness,

In the past, many leng, straight highways were censtructgdo Such high-
ways presented no particular danger. %o the drivers of the slower moving vehi-
cles of that time, since the eyes were no} focused on any one point, bub
were aﬁla to take ;n not only objects on the highway itself but alse those

. in adjacent fields; ki
- As vehicle gpaeds increased, ﬁgwavere ﬁhe eyes; range of focus narrowed
ﬁo tﬁﬁ point where éi@e views disapéearéd¢ Operators of modern, highgspegd

automobiles are 1ikeiy to find themselves growing unduly sleepy when driving

o
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long distances, The fixation of attention, the lulling sound of the motor
going at a steady pace, and the monotonous "bump-bump” ef tires on the pave-
ment combine to produce an=effect not unlike the hypnoéis which psychologists
induce in patients by similar means, The result is an increase in the num-
bef'of accidents, especially those caused by side-swiping or head-on collis-
6 |

ions,

Guhbelsa? has coined the term "road focus" to define the focal point at
which eye strain so frequently develops, He éuggests that in constructing
new roads engineers make use of some qf_the sxtraordinary features of the
landscape to add variety to thé foad,"I% o highway were made %o lead dir-

i
ectly. toward a grove.of -trees, a hill, or a village and then .curve easily to
the left ‘or right, tha-landscape would become ﬁreminent, and the variety of
interesting vistas pra#ented to the motorist would aid him materially iﬁ
maéintaining his alertness, To:combat'tha effects of road focus, group plant-
ings are often imﬁdeﬁ along o0ld, straight roads which are not to be replaced
for a number of years, These plantings narrow the horizen and give the eye
vertical objééﬁs $o restrupon,‘thus reduéing eye strain, and lessening ths

risk of accidents,

Roadside Plantings and Glare

Highway plantings, although primarily intended to beautify the road-
side or to act as snow barriers, may also inerease driver safaty in other
ways. For exaﬁple, expariments carried oui by the New Jersey Turnpikes
Authefity in cooperation with the General Electrie Gompanyya revealed that
trees or shrubs on the median strips of divided highways materially reduce
the glare which motorists encounter in night driving. In these experiments
glare was supplied by the headlights of vehicles parked on the shoulder of

the lane opposite that used by the test drivers, It was found that the dis-
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tance at which drivers were able tb,see;an obstacle averaged 14 percent greater
in planted than in non-planted areés. The increase for individuals ranged

from a low of 6 percanﬁ to a high of 34 percent, or 214 feet,

Roadgids Plantines as Crash Barriers

L ‘
In California, 9 tests have been conducted Yo determine the ability of
marginal or median plantings to stop & vehicle without injuring its occu-
pants. Vehieles were driven into plantings at 30 miles per hour, the drivers

being unprotected by erash halmetq)@r safetj belts, The study revealed thatb

the growth'stoppad the vehicleg_ralqtivq%y quickly and geénerated ne forces
which the averags motorist could not telerate, These conclusions suggest

. that roadside plantings at locations whe%e vehicles ars likely to go out of
control may serve as an effective maaﬂs éf bringing them gquickly and safely
to s.lha.lt. If sufficiently publicized, these resuit.s should also serve to
reduce thsfnumber of collisions occuring on planted highways. The motorist
who knows that he runs mach less risk of injury by driving his automobilg
into & roadside élanting than oy "ridiﬁgtouﬁ“ a collision is‘more likely te

avoid an accident in this mannqr'than ons not aware of this faect,

Roadgide Distractions
Many persons have exprassed thq opinion that roadside advertising and

busiﬁesses are contributing fa@ters,in highwey accidents, but until recently

no attempt was made to determine the {ruth of falsity of the charge, In
1948, however, the Highway Ressarch Board, with the help of the Iowa Stafe
Highway Commission and the Iowg.Safetynguncilq began a study of roadsids
businsss and,adverfis;ﬂg ag related to accident type and frequency, High-
ways observed included the immediate app%oaches to 28 Towa citias qf over
5,000 population° It was found that where businesses and advertising

occupied a large portion of the private property adjoining the rocadgide,

N
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accidents classified as being due to inattention predominated over all other
classifications. Segments of highways with equal or nearly equal traffic
density but little or no roadside business showed lower accident rates,5o
The following year (1949) the state of Minnesota, at the reguest of
the Highway:ﬂSsaarch_Board gnd_theﬁBﬁpeau.of Fublic Roads, conductsd 8 sigp
ilar investigation, A preliminary study of abeﬁt 170 miles of the 500 miias
af roadway te be checlked revealed no apparent relationship hetween accident
occurrence and advertising=§ign type or 1ecationn51
The differing results qbtainedrig these {two inVestigations indicates

clearly that further studieé ars héééssary hefore any valid oonclusiohs

can be reached concerning the accident-advertising relationship,

Gorrecting 0ld Pavement

In the preceding sections on highway design, numerous design features

which make for safer driving were discussed, By redesigning old pavements

"s0 as to incorporate these features, they too can be made safer, For ex-~

ample, if pavemeni lanes are too narréw, they can be widened, Undesirable
driving conditions caunsed bg an gxc@sgive volume of traffic may be elimin-
ated b& increaseing the number of pavement lanes, while widening ths road-
waylshoulders and eliminating unnecessary curbs and narrow culverts will
help prav;nt traffic frﬁm c:owding:thg center of the readway, OCurves may
he made less shérp and steep grades flattensed out, whiles obsbacles which
decrease the driver's sight:distancé'gan be removed. Such improvements
will reduce both those accidents caused whelly by physical inadeqguacies of
the pévement and those in which irritation énd fatigus caused by improper

driving conditions sra contributory factor,
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HIGHWAY MAINTENANCE

One of the purposes of an adequate, well-designed highway system is
the proemotion of highway safely. Unfortunately, no system, however ax-
cellent, can long fulfill this purpese without proper attention, From the
moment a highway project ig‘cqmplatqdp it begins to deterierateg and unless
prompt meagures are undarkaken_tp co?nteract the process, dangerous con-
diﬁionslsoon develop which.lgad_tg i?creases in driver tension and fatigue,
and to an increase in antoéohile acéidants°

0f the many types of méintanancé ﬁr@ﬁlemsg thess created by snowfall
have received a‘majcr shars of attsnfion in.th@ literature, Summer main-
'tehance operatioﬁsD howavefﬁ‘ara alsé very important, and must be taken ine

t0 account in any discussiéh of maintenance in relation to safety,

Summer Maintsnance

One frequentlyaencountered dangercus eondition is shoulder ruts ad-
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Jacent to paved surfacss, These ruts are generally found along roadways
which are inadequate for the amount of traffic using them, Vehicles using
these crowded foa&s are forced at times Lo drive partially on the roadway
shoulder, énd their wheels cut ruts.in i%, The propsr methed of repairing
the damage is to ksul in suitable material and fill iﬁ the ruts before they
become a serious menace., The ruts should not be filled with ﬁaterial ré-
moved from the outer sdge of the shoulder, since this practice lowers the
shoulder and eventually makes more,drastic MeAsUres necessary,

When the pévament surface fails in a relatively small area, it is re-
paired by patching with bitumiﬁous gaberial»or cement conerete, If, how-
ever, the work is done carelessly, so that patches are left too high er too

low, or are improperly compacted, or looss repair material is left lying

around the area of the patching, a'&anger spot is created which is often a
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. more seﬁ;ous traffic Hagard than was the original pit,

When pavement suffaces become slipperyﬂ the condition may be remedied
by applying a surface trsatment df bituminous material and ggvering it with
aggregate, Where slipperiness is especially bad, the defective sectioen,
usually éaused by an excess of bituminous material, is removed and replaced
or the excess bitumen removed by burning. ‘Neafly all grades of asphalt or
tar can be used for seal coats althgpugh some highway officials think that
the lighter grades are more sgtisfactory for this purpose, One weakness
of this method lies in the fact thét improvement often is not permenent -

in time the slippery conditien fetuin3953

. Winter Maintenance

If highways are to funciion efficiently during winter months, it ig
vitally necessary that they be kept as free as possible from ice and snow,
Failure to do se net only raﬁplts in exbremely ﬁgsaf@ driving conditiens,
but may lead to a complebe breakﬁéﬁh-of the highway system during and after
severe storms,

Several methods may be used to combat ice and snow, It is possible to
design a read inlsuch a mépnar as %o minimiéa the amount of snow that can
drift acrosg itsr Snow fences and snow barriers can also be used Lo prevent
the d rifting snow, When snow has become compacted or.ice formed on high-

ways ii can be reﬁéyed through use of chemicals or by means of radiant heat-

ing.’

Wbrk done in a number of states shews clearly the value of design

metheds as a means of reducing snowdrifting on the highways, The special

design features that may be employed include raising the grade line to a
definite position abeve the adjacent ground line; avoiding cut sections

wherave possible; providing wide shoulders, flat backslopss, and shallew

ditches: sleminating guardrails; and locating the road where drifts are
least likely te occur,




Snow fences are an sffectzvs and economical means of contrelling the
drifting of SNow, .Thay work by breaking the wind velocity and causing the
snow to be deposited from fast-moving air currents. Snow fences shoﬁld-ﬁé
erected on the windward side of rights=of-way, They should he placed aScut
15 times the height of the top of the fence from the roadway; thus, a fence
having its top 5 feet above the ground should bs placed at least 75 feet
beyond the point wha;q d;ifting_is to be prQVEntsdn54 The most camﬁ@n type
of snow fence coensisis of 4 ftp waoden slats or pickets spaced Z inchas
apart and woven togeth&f ﬁith gél%aﬁized wire, Another smow fence, the rail-
road type, consists of horizontal boards, 1 in., by 6 in,, in sections placed
on supperting fraﬁesﬂ Receptlyvsyhe State of Michigan has heen experiment-
ing'withra new type of snew fence consisting of twe parallsl strips of paper
12 iﬁches wide, fastened to steel:posts spaced 8 feet apart. Tgsts indicats
that his type of fence givés excellent protection against snow drifts. It
survives normal winter weath@r‘in @xcellaﬁt c@nditiogg and the paﬁerD with
proper installation and handling, may be used & second season,55 A natural
snow barrier consists of trees or shrubs planted in rows in such a way as te
slow down the normal velocity of phe wind snd cause a drift, While conifer-
ous trgesD such as pineéu firs, spruces and cedars are best adépted for this
type of planting, deciduous trees and shrubs may be used where the conifers
will not grewu There are twe basic methods of tres planting: (1) wide
planting in multiple roWsD empl@yad when it ig desired to trap smow within
the barrler9 and (2) narrow planting, censisting of double rows of trees,
which will cause a drift to form betwsen the barrier and the traveled way.
The rows may either be staggered or lined up with sach other, Tha effective
area of the windbreak on the lee éide is-approximately 15 %o 20 times the

height of the varrisr, 50
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When the pavement suface becomes eeétad with ice or cmmpaéted SNow,
st&pé mest be taken te remove this material and to.c@rrést the unsafe driv-
ing conditions which it creates, This may be done either by spreading abra-
aives on the pavement surface, or by the dirsct applicabtion of sedivme or cal-
c¢ium chlorids. The most commenly%used abrasives are sand, washed stqneﬁ
-screenings, and cinders, To_prsvént the abrasives frdm freszing during stor-
age, and to insure that they will not be blown off the road, sodium er cal-
gium chleride are often added to them, either in dry form or as a brine made
by dissolﬁing the chloride in water,

.While treated abrasives are usually used to combab slippery pavements,
there are situations in which the chlorides themsselves give more satisfach-
ory results, For example, coarse commercial sodium chloride is very eifective
in preventing welt snow from cempaqting and adhering to the paygm@nto Yhen
snow is of normal drynes;ss however, sedium chleride should net be used, since
under these conditions i% causes the snow to partially melt and compact,

When a layer of ice ferms on the pavement and the temperature then droeps o
around 0%F or lower, énother.conditign is produced which requires the use of
the straight chloride. Under such circumstances, a 133 mixture of calcium
and sodium chlerides removas‘thg_ice succassfully;S?

Within recent year%q'tpewgss_of.snGmealting gystems as a msans of keep-
ing roads free from ice and snow_@as bagome widespread, These installations
consist essentially of a systam of pipes or eiectric wires imbedded in the
 pavement. Hot water, é}eggphggmgg electric current is passed through the
system, heating the pavement and melting the snow. Except in the compara-
tively rare insfances whers a natural supply of hot water is available, in-
stallations are not operated conéiﬁuousiyo Rather, they are eopsrated only
during pericds of storms, Investigations58 have shown that whers provision

has Deen made for the system to go inte operatior before actual snowfall

=32




begins, there is no difficulty in keeping the roadway surface free from snow
or ice, If, however, it is not turned on until aftsr precepitation has started,
several hours may be requiréd to warm the pavement and melt the accumulated

SNnow.,

Waatyer Forecasting for Highway Safety

Whiie it is common knowledge that driving during baa weather is more
dangerous than driving when conditions are goed, few paopls realize just how
much more hazardous it is, Pennsylvania Purnpike Commission recerds show
that almost half the accidents on that roadleccur when the pavement is coated
with ice or snow, or is wet, and %hat;m@_third ococur when driver vision is
obscured by fog, rain, gr.sngwd59_ Naticnal Safety Councill figures for the
period L941-1945 reveal that between 17 %o 25 percent of all fabal accidents
occurred when the road surface w:s web, mmddy, or covered with snow or icen60

In spite of the high accident rats for bad weather, £t is only reéentiy
that anj aﬁtempts have been made to supply drivers with up-to-the-minute
weather informatio:%o Présant_service is handicapped through lack of a cen-—
tral agency for gathering, sveluating, and disseminating informatien in tims
for it to be of use to drivers, and by a lack of knowledge of the precise
effects of different weather conditienms upen fraffic wolume and flow,

& successful weather reporting service would probably operate inrsamawhat
the following manner: original in§®rmation wonld be supplied by state polices
buses and trucks with two-way radiocs; aubtomobile clubs; and all-night garagas
and ssrvice stations, A csntral agency preferably ths local branch of the
United States Weather qu&auu would collect and process this information, and
- broadcast the completed report over all commercial radio wavelengths, In com=
piling the rsp@rt; a standardized satb of terms desc¢ribing various read con-
ditions would he employed., Such a system would prebably result in & marked re-

duction in accidents, since the moborist's decisien to make or te postpons a
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trip would be bassd on information only a few minutes old at the time he re.
ceived itoél

Weather sensing signs represent snother methed of warning moterists of
the driving conditions which li_;e_éhead of them, One such sign, 7% by 11 £4%,
in sigze, has been installed on an_axp@rimgntal hasis on the Pennsylvania
Turnpike, Automatically cperated, it translates instantly unknown advance
driving conditions int@_illuminatad warning displays, Five different word
‘_cem‘binations9 in 1att@r$ 1 £%, high and legible for 200 yards, are pessibleg
”DaﬁgeraFeg“; ﬂSlomeeadway W@t“;:”DangefHSn@w“g #Glear Boadway"™; and "Dangsre
Roadway Freszing", Automatic opsration is attained by a master weathsr-sens-
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ing device which controls the word cembinalion appearing on the sign,




VEHICLE DESIGN

Night Visibility

_The ability of the driver fto see at night has an important bearing on
 highway safety. As daylight wanes, this ability decreases markgdly and the
chances of becoming involved in &n accident consequently increass,

One of the most important factors affecting night visibility is the
~ glare emitted by the headlights of onceming automobiles, The magnitude of
its effect is pointed up by experiment563 which show that a 1000 cgndlepawer
light dirscted toward the eyes of an approaching driver reduces pe;céption
distahce by approximately oﬁmmthird” and a 7000 candlepower light can reduce
it:by:tﬁoathiris, Althouzh the amount of glare encountered in night driving
haslbeen consideréhly redﬁced by the introduétion of sealed beam headlights,
much work must stil1l be done befors the problem can 56 censid@red gsolved,

Headlight glare will prebably eventually bg_taken care of by poiarized
glaés or some similar substance, At the present timé9 the technical evolu-
tion of a polarized headlight system has been campleted,éa The system cen~
-sistsﬂpf poiarizing filters on two 125-watt headlamps and a vieﬁermfiltar
before the dfiver"s eyes, With such a system the driver is able to sse af
leaét ag well as with the upper beam of a sealed-heam lamp, ana at the same
t;mg'appfgaching cars a@paar %o be driving on the lower beam of a gealed
beam which h&s_baan cut to one~seventh of i%s nermal brightness, Besides
eliminating glé.ra9 the polar?zsd headlight provides a greater visiﬁility
distance than_the sealed~beam light. With the former, approaching auteme-
biles 200 feet apart have 400 ft, visibiiity distance; with the latter, the
7 greatest-ﬁessiﬁle visibility distance is 200 ft, Furthermore, with the
paiareid system, blind driving zones are eliminated. Once agreement had bsen

Treached among legislators, law enforcement officials, and aubomobile mamm-

~
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faéturers on equipping new automobiles with the polaroid system, there would
begin a transition period similar to that froﬁ.presealed to sealed-beam lamps
during which cars with both polaroid and non=ﬁolaroid system would be on the
. road. Phis period should present no special b&zards nof found in the earlier
transition period., The driver with polarizinékequipment wotlld need to remem-
ber only one simple rule: "Depress your lights fﬁr approaching white headlights",
Ear-polarized headlights, which have a distinqtive blue color, nothing would
have %o be done, It is impossible to predictlgqgu:ately Just how long this
trangition period would laét. Assuming a norﬁél io_pergent retirement of old
cars each’year, within eight years over 9&% ofithgrdars ;n the road would
have polaroid equipment, and the transition peried would be substantially
over, ﬁhen that time arrived, headlight glare would be a thing of the past,
A successful attemp£ has recently been made to combat glare by means of
an automatic hesadlamp-control devies, the G-ui._d_e_ "Autronic Eye".,65 This de=
vice automatically switches the headlights té the-lower beam when another
car approaches and back to the upper beam after it passés; it rebains the
lower beam when the approaching driver &imsé.and is not affected by extran-
sous roadside lights, variations in the reflectivity_of road surfaces, or
adverse weather conditions, It ié thought that:thig device also offers real
poseibilities for solving the glare problem,

66

Roper and Howard conducted a séries of tests designed to show the rela-
tionship batwesn headlight candlepower, vehiclg_speedD and visibility distance,
With the subjects in cars traveling at 20, 359150 and 60 miles per hour, mea-
surements were made of their perception distances for unexpected and expected
life-sized dummies in dark clothing, The results shewed‘that 75,000 beam
candl epower was needed for bare seeing at distances great snough to insure

safety: there was aboubt 20 feet loss in perception distance for each incree

ment of 10 MPH in car speed, irrespective of bsam candlebower and reflection
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values; unexpected objects were perceived only ha;f as far away as expected

ones; and the psrception distance increased rapidly for the first few thousand

3#%E@lep@wer‘but more slowly at higher values., The psrceptien distance for a

car traveling 50 MPH with 20,000 beam candle-power was about 75 feet less than
the distance required for siopping.

Rs#gntly, the use of gresn-tinted glass in auftomebile windshields has
become widespread. The glass acts as a filter, cuﬁfing out the red and infra-
red rays in sunlight, anﬁ preventing the interior eof the automobile from be-
coming teo heated. In an sffqr? %o determine tﬁﬁ effect of tinted windshields
upon nigh£—visibility distences, Heath and Finché? compared greén=tinted and
ciear windshields in a series of tests carried out under different conditions
sf'moonlight.: In generai, tinted glass appeared to cauée a reduction in vis-
ivility distaéceé, although sometimes it gave higher readings, In some in-
stancés the difference in sesing distance betwesen the two types émeunted %o
a8 mich as 70 feet, Similar experiments by Roper68 showed that tinted wind-
shields cagsed an average reduction in visibility of not quite 6 percent with
ne appreaching vehicles and 2 percent when appreaching another vehicle en a
straight, level road ever a distance of almost & mile,

. Miles69 states that this reduction in visibility occurs because two-
thirds of the energy from an autemobile headlamp is concentrated at the red
end of the spectrum while onlyione third is in the range te which the wind-
shield is most transparent, As & result, the windshield filters out much of
the light from automebile headlemps, cutting visual acuity %o a marked degree,

Invest1ga£ions havs been conducted te determine whether or net sxpesure
af the sys to sunllght has an adverss effect upen night visibility, and if it
has, whether sunglasses can counteract ths effect., The resuits of one sqcp
investiga$ien?osh@wed_that sunlight reduced visugl perfermance in the eveﬁingﬁ

that the reductien can be expressed as a fraction of the measured illumination
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previded by artificial light, and that this effect can he prevented Wy the use
of sunglasses, The investigator recemmends that the driver purchase the dark-
ast sunglasses he can, since these give the best nightime results whils reduc-
ing daytime vigual performance by enly a negligible degree, The color of the

glasses is immaterial.

Daytime Visibility

The problem of daytime visibdbility, while seemingly simple in comparisen
to that of night visibility, is actually complicated and an important consi-
deration in ﬁhe dasign of automobiles,
with respgct to visibility the modern autemobile designer has twoe choices?l
He can provide geood visibility by raising the tep of théfcar and the driver'g
seat, but by doing so he likewise raises the car's center of gravity and in-
creages its chances of overturning on curves. As an albernative, he can pre-
vide a safer center of gravi#y by lowering the car tep and the driveris geat,
This precedurs, however, rgstricts the driver's visibility and exposes him te
moré glars from onceming headlights, At present the trend is toward the lower
center of gravity,

Within recent years autemohile manufacturers have greatly increased the
window areas imn motor wehicles, and thus reducing or even eliminating a num-
ber of blind spots, caused by windshield center pests, frqnt corner posts,
framing, and other supperting elements of the body, which are potential sources
of accidents. Illustrating this trend toward the more extensive use of glass,
one manufacturer used mere than 4850 sq, inchass of glass in his postwar aute
as comparsd te 3200 inches in the prewar moedsl. The biggest change was in
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the area of the rear windows which was inareased by ever 700 sg. inches.
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Hunt has expressed the opinion that tee much emphagis is semetimes placad

upon such improvement in visibility. He conbends that the alert moterist
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driving at ordinary speed will saé a potential driving hazard long bdefore he
gots cleoas enough for it fo be cut off from view by solid parts of his car,

In cemmenting on Hunt's view, De Silva?& poeints out that he has failed Lo con-
sider the situation in which a vehicle is approeaching from the side and ab
Jjust the wrong speed. Such a vehicle, DeSilva says, may be hidden by blind
spots unbil it is teo late teo avb;d a collision, OSimilarly, blind spots in
the rear of an automobile consiitube a safety hazard, since they prevent its
driver from observing the vehicles foellowing him,

The driver's ability to see what lies ahead is greatly influenced by his
height.75 The short driver who must peer between the, ﬁg:heel ;and heod has a
very restricted view of the rogdway, while the tall driver hss his view of
signs, signals, and the like cut off by the tep of the car, Since antome-
biles are not custem built te fit each driver, varigtiens in height must be
compensated for by means of adjustablexéeats, Although at present all autome=
biles are equipped with front seats that slide backward and forward, the vis-
ibility problems arising fremydiffergnc@s in height are not yet completely
solved, The tall persen must still hunch over to see, while the short ons
must use & cushion, This_situation could be remedisd by providing driver
seabs having vertical as wdii as herizental adjusiments, By adjusting the
geat height to fit his particular stature the driver weuld improve his vis-
ikility ; eliminate the fatizuae cagsad by sitting in an uncomfortabls positien,

and hence lessen his chances of having an accident,

Hoige and Vibration

It is extremely difficult to estimate what proportion of the fatigue
resulting from a long automobile trip is due te noise and vibration as dis-
tinet from nermal vehicle motion., There is neo doubt, hewever, that neise
and vibration are prime causes of fatigue and should be reduced as much as

possible. Unfortunately, such is the rselationship betwsen the aural loud-
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ness of a noiss and the strength ef the geund preducing it thaﬁ in order te
reduce a noise Lo one-fourth its original velume, ths sound power preducing
it must be radﬁced %o ona on&«hnndredth of its 6riginal value,76

Tha chief sources of the vihratien encoeuntered in vehicles are (1)

irregularities in road surfaces, (2) the wheel, tirs, and tube assembly, (3)

rotating engine parts, “@uf (4) the transmissien,

The vibration caused by uneven road surfaces occupies & special position
since it, unlike wvibrabtion from the other soﬁrcas, can bs controlled by high-
way ag well as vehicle design, There are seve;al categories of road-surface
vibrations., Amoung thess are "ride" moetiens, which have frequencies of frem
60 te 100 cycles per minute, and hence correspend to Janeway's Inw;frequency

vibration gr@up,?7 These are almost exclusively motions of the sprung masses

en suspension springs, plus redicsl defleciions of the tires, The discomfert

caused by "ride" motions depends wupon rate of change of acceleration, acceler-
~ation, and displacement in pitch or roll, Discemfort is not propertional to
the magnitude of these three factors ner doeg it depend on any one of them
alone. In fact, the enly general ceﬁment which c¢an be mede is that discem-

fort is lesg with lowsr frequencies of motion. Investigations show that on

the best-riding cars, free-ride frequencies lie between 60 and 75 per minute:
on poorer-riding cars betwsen 70 and 100 per minute., SHill lower freguancies
are desifable, but impractical for two reasens, (1) With lower spring rates,

the standing spring height varies too much under different passenger loeads,

(2) lower frequencies cause too freguent striking through of the suspension

unless ride clesarances are increased cmnsiaerably,
Motions of the next higher order are called "éhakes". Thess are vertical é

oscillations of the unspring masses between tires and suspension (“wheelhep")

and are pre&ucad by read waves or by unbalance and runout of the wheels,

"Shalkes" have a frequency of betwsen 456 and 1000 per minute, hence they cer-

regpond to Janeway's middle frequency £roup., Altheugh wheelhep;cannot be
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suppressed, it is thought that an automobile chassis cen be built such that
this type of discomfert will hardly be notiésable to the vehicleis eccupants,

When a vehicle runs on an ifregular read surface, noises arise from its
b@dy,?a These neises occur dus te the fact that the bedy is not a.rigid
structure, but flexes as the wheels énceunter road irregularities, There are
twe such sounds ~ rumbles and growls, Rumbles havq a major frequancy of 301”
te 43 cycles per second with a few higher harmenics,lwhils growls have a
ﬁajer frequency of 140 cycles per secend, with a range of harmonics,

Bumble can be reduced by stiffening ths front end of tﬁa bay around the
dasgh as well as by adepting certain metheds of mounting the battery and spare
tire, Growl presents a semewhat special predblem. It is transmitted through
thé springs in the form of wave transmiésien instead of mass wvibratien, hence
is net adequately handled by the springs, which theoretically should be cap-
able of taking care ef such high frequencies, Growl is reduced by inserting
rubber hetween the rear axle and the springs; the rubber changes the resonant
combinations of the various réactiens af‘chassis.and thus breaks up resenant
paths of transmissien, |

Bristew79 thinks it probable that road sexcited body‘néise is dus bhasi-
cally te the excitation of the air mass inside the bedy at its meny air
nedes, and that the energy causing it is largely structure borne, Hs, tes,
believes that such sound can be controlled by breaking its rescnent paths ef
transmissien,

The vibrations which are generated in the tire-wheel assembly of the
antemobile, as distinguished from those which the assembly merely transmits
to other parts of the vehicle, are of twe types,so Shimmy and tramp result
frem po@rly-balancad assemblies and from wheels having teo much radial run-
out, and may be corrected by redesigning the faulty elements, Cartain design

factors other than imbalance ﬁa@% alse result in vidbration. Tread vibration

=l




pecurs bscause of the tread désign around the circumference relling in and
eut of centact with the read surfaces. Although it is impossible to elimin-
ate such vibration, the problem mey be handled by designing a tread which -
gives pleasing seund characteristics,

Within the last few years a new low=pressure tire for passenger cérs
has been put on the markat.a1 This new tire is 8 to 12 psrcent larger in
cr@ssmsection; contains 12 te 25 perceant greater air volume, and operates at
an air pressure 14 percent legs than in older types, The m@ét notigaabls
difference between the new‘tira and oldsr ones is the sefter ride characterm
igtics of the former, The new tire“sfahility te surromnd or %o deflect
lecally areund readway irregularities.perﬁgték‘it te negotiate many bumps
with liftle or ne vertical deflection eof the ﬁhael, Further, bedy shake is
reduced 16 to 19 percent, Certain disadvahtages result from the use of the
new tire. Steering and parking requirse mors effert, whesl weight is greater,
and.brake Planketing is increased. These disadvantages, howsver, are more
than offset by the gain in riding cemfort,

When an engins is fastened to a vehicle chassis it forces vibrations
into that structure, and may create unpleasant shaking and neise, if shock-
gbsorbing devicésg such as‘springs or rubbsr meunts are net employed, vibra-
tion is directly proportional te the engine's running speed, With suitably
gﬁounted assemblles9 however, the relationship is such that if the resgnant
frequency of the meunted agsembly is ljB of %the engine running spaad vibraw=
tien force is reduced %e 1/8 that of 2 selidly mounted assembly., By using
springs of such a stiffness that the resonant frsquency of the mounted auto-
mebile engine is 600 cpm, vibration is reduced te the peint where it is net
objectienadble,

A preblem arises, when the enginé must be operated at 600 cpm fof BX—

tended perieds, The engine is now operating at the resonant frequency of the

A2




system, and the assembly beh;ves as if it ware rigidly belted te ths ch@ssis;
At suéh time, the amplitude of vibration can increase to the point where -
spring mounts bresk. This type of vibfatimn can be reduced by employing
damping in the form of dash pots; rubbing friction, or matefials having =a

high internal friehionasz

Riding Comfort, Seats

The function of the automobile seat is to provide a comfortable rids
over leong or short distances with a minimum of fatigus, The jdeal seat
c}zshionﬂ therefore, should support the passenger in a comfortable position
and absorb vibration energy with as little disturbance as possible to tha
passenger,

The pioneer investigation of riding comfort as related to automobile
cushions was begun in 1935 by the Department of Bngineering Research of the
University of Michigan, and was scon followed by others,

These inwestigations revealed that in order for the amtomobile passanéar
to enjoy the maximum in comfort with the least amount of fatigue, the aubome-
bile cushion should support the passenger over a 1&rg€.areaﬁ thué keeping
unit pressure on the skin at é minimun, The cushion should also be designed
8o that variatione in pressure, exceﬁt thoge E@;&taﬁed by body conbours, ars
aroided,84 Unit pressures shouid depend prin;ipaily upen the character of
the spring coils rather than the character and fightness of the cloth covers,
This may be accomplished by designing spring coils which are freely compress-—
ivle without umdue restrictions from adjacent ceils, rigid coil rims, or
bracing, and by the use of padding which is not exmessively‘caarse or stiffaes
The free contours of a seat proved to he of little importance compared to its
actual contours with & passenger in i%, and quite often seats having satis-
factory showroom "goftness" proved extresmely uncomfortable under actualhdrivm
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ing conditions. The mean unit pressure in a comfortable seat cushion was
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found to be 0,55 1bs per sq., in., and the corresponding back pressure 0,15 1bs
per sq. in, PFor maximum comfbrtD the angular position of the seat with ref-
erence to the floor should be 10-18° from the horizontal for a cushion approg-

imately 15 inches above the floor, and the included angle mpproximately 100°,°7

Air Conditioning

s

Within the past few years, anxamobi%é:manufacturers have devoted a great
deal of attention to the development of practical air conditioning systems,
Such systems are now being offered as standard equipment on many makes and
models of auntomobiles, and it seems only a question of time until all new
vehicles are so equipped,

The systems developed by all thres major sufomobile companiss are basic-
ally mechanical refrigeration systems consisting of a refrigerant, a com-
pressor and & series of cooling coils, Air is drawn into the vehicle through
special air intakes, cooled by*@ﬁing passed over the ceoling coils, and dis-
charged into the interior of thehvehicle, One system now in uss is capable
.of reducing car temperature from 130° ¥ {after parking in the sun) to 85e F
within two minutes. Another‘ﬁill maintain an inside air temperature of 72° F
even with the outside temperature at 104° F, and will hold a relabtive humidity
of 45-55 percent for cutside tempsraturss of 80-100° P and relative humid—
ities of 20=85 per@ent,gs

'Whan.éir conditioning systems ars part of the equipment of every new
automobile, fatigue resulting from improper temperature - humidity cenditions

will no longer be a driving ha%arﬁe

Desien Recommendations

Al though sutomebile manufacturers have striven to make automobiles as

safe ag possible, there ig gtill room for a great deal of improvement.




Halseyag has suggested that design engineers improve vision by minimizing
the front pillars and the no-draft vertical strips, He states that the wind-
"shield wiper now employed on éafs is essentially the same as that used in 1926,

and advocates the development of a mOTe efficient model which would clear a
larger area of windshield. Brakes should be redesigned so that they reguire E

less maintenance and maintenance is easier, Halsey believes that the autoe-

mebilefmanufacturer places btooc much emphasis upon high speeds, As a counter-
~ measure, he suggests that the two speed figures, 25 mph {the legal spsed

limit in almost all American eities) and 50 mph {(the ceiling legal speed

limit on highways in many states)u_be given special prominence on the speed-
ometer by means of size, design, or illumination of the figures, In this way,

the driver would be made speed-limit, rather than just speed, conscious,

Woodwardgo has made similar recemmendations for impréving automobile

safety. He advocates a two-door model sar with windews large snough to be

used for escape hafches but high enough to discourage passengers from ilett-

ing their arms protrude, The door latches should bs operable from beth frent
and rear seabts, with the safety lock on the front latch, All pretruding

handles, knobs, or buttons, both on the inside and cutside of the vehicle,

ghould be aliminated, Windshields and headlight lenszeg should be meds of
plastic and both polarized, to eliminate glare., COrash pads of sponge tubber
on the back of the sea£ and on the dashboard, steering columns with "give®,
and safety belté\mulds ia Dr, Woedwérd“s epinicn, materiaslly reduce the num-
ber of traffic injuries and deaths occurring each year in this couniry.

Halsey believes that the safety esngineer should assume dumbness, lazi-

negs, forgetfulness, and unskillfulness on the part of the motorist, and re-
solve to think up safety features that will work no matter how bad the driver

may he in these raspects,gl

Such an attitude would help the esngineer to
recognize possibilities for improvement that might otherwise esceps his at=
h%ntiong and weuld pay dividends in the form of safer automobiles and fewer

accidents,
L} Ges



VEHICLE OPERATION

Traffic Signs

Motorists rely to a great sxbent upen signs for information as te
their location, permissible speeds, and the existence of various driving

hazards, When, hecause of inadequate posting of sigﬁsg such information

is not supplied, the motorist develops feelings of nervousness, anxiety,

and irritation, énd his susceptibility bo driver Fatigue and accidents is
thus increased,

Becausa of the great impoertance of traffic signs, both théir design
and location have been thg suhjeﬁb éf much study, In 1932 the American
Association qf State Highﬁay Officials, in cooperation with the Burean of
Public Boads and the Bureau of Standafdsu undertook an exteﬁsi§e inves£14
gation of the comparétivé-ﬁisibility of diffey@ntryypes of highway signsq92
As part of this investigation an abtempt was madé to evaluate the relative
visibility of standard signs having different background-legend color com-
binationSP The investigators concluded that signs with the standard yellow
background and black letters or design were much superior to either black
on white or white on black signs for all conditions that can reasonably fe'
expected in either urben or rural driving. 3Besides being more_redda.‘ble9 the
signs were more eye-arresting and conspicious, because of the g:eater signal
value of the yellow background as compared to ordinary natural or arﬁificial
backérbundso

Receﬁtlyg a Jjoint committee of the American Association of State Highway
Officials, the Institute of Tréffic Engineers, and the National Conference of
Street and Highway Safety has approved the use of either black letters qﬁ a
white background or white lettars on a black background for.all signé of an
informational nature, such as directional and distance signs, ‘Studiés showed

bhat signs with whibe lettsrs on a black background have considerably greatsr

.
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legibility than signs with the reverse combinafion. Signs with a black back-
ground ai.;do not have quite the attention getting value of those with light
backgré;nd and generally they are more difficult te locate, Once spobted,
however, they are very 1egible.93.

One of the most important recent developments in sign design is the sube
gtitution of rounded letters for the former standard block letfarsq Stﬁdies
established the fact that signs with words made up of rounded letters have
generally a greater legibility than the same words made up of the samd-gized
block letters., The studies showed also that with both bBlock and rounded
letters wide gspacing increased legibility, the improvement being greater'with
block than with rounded letters.gu

The state of California95 has recently made a comparison of the effect-

dvenegs of lower case and capital letters for highway signa, It was found

that when-irecognitien distance was expressed in terms of letter height,
lower~case letters appeared at a disadvantage, probably because they were
narrewer, On the basis of width_9 tﬁe lower-case words could be seen fugther
than the capital words, presumably because they were higher, This means that
where length of sign is the controlling factor, lower-case letterswuld have
the edvantage.

A great deal of attention hag also been given to the size of signs and

{sign lettering., It has been calcuiated that a driver should have at least

ten seconds in which te react to the'informgtion on a sign and to prepare to

execute the necessary maneuver, At a speed of 50 mph, ten seconds ﬁeana

733 feet. OSign makers estimate that each inch of letter height has a legi-=

bility distance of 50 feet, For night visibility, this distance is reduced
by 15 percent., Based on & distance of 750 feet which is required for a 10~
second warning at 50 mph, & sign would require 18-inch letters te adequately

gerve night drivers,
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The Institute of Traffic Engineers has ligted the following bééic‘minm
9 | ' |

imum dimensioens for signs as follows:

Stop signg -~ 30 by 30 inches, except that in locations wheres speads
and traffic volumes are low, & 24 inch sign is permissibdle,

Other regulatery sigmg ~ 18 by 24 inches, or on important highways,
24 by 30 inchas,

Warning gisms - 24 by 24 inches, except where the Iengtﬁwéf the
message requires a plate 30 by 30 inches for equivalent legibility.

Investigations have been undertaken97 to determin@ the relative sffec-
tiveneas of symbols, words, and sign shape for warning the motorist, The
time required far-the motorist Yo read the sign was used as the critérion
for effeciiveness, Resulté indicated that a large symbol on'any shapgnsign
is more effective than any combination of words and symbels. The shape of
the sign itself waé of no value, becuass most moeborists were not familiar
with special meanings of shapes,

The State of Alabama has designed anm interesting map sign wtilizing
both words and symboels which convey a great deal of infermation to drivers
of motor vehicles, It gives location, towns near by, time %o next towx;s
apeed limit, and the number of miles to the next sign, It has besn foﬁnd
that these map signs slow down the faster drivers and speed up‘tha slower,
thus facilitating the flow of traffic, T:affic Vi@lations are reduced and
safety enhanced, | |

Wumerous investigations of the various {ypes of reflschorized signs
have also been carried out, In 1932, as part of its study of highway'signsD
the American Association of State Highway Officials conducted night ob§e¥m
vations on signs made with thrgg sizés of reflector buttons - 0,95 in.,
0,76 in,, and 0.58 in. - under conditions simulating both rural and ciﬁy
driving. It wag found that colorless buttens having a diameter of 0,76 in,
and & minimum gpacing of 1 in,, center to éenterv were generally the most

efficient.98 Recently, 1% has been shown99 that rounded letters containing
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reflector buttons are over 5 percent more effective by day and over 10 per-
cent more effective at night than correspondingly reflectoriééd block letters,
Comparisons were also made of the relative effectiveness of giack 1a£térs on
a white reflecterized background and white reflectorized coating 1atte£s on

a hlack background; It was found that 4-inch white reflecterized-coating
rounded letters were 20 percent more 1egibla by night than similar black
letters on a white reflectorized background,

It is well known that the jmpreper placement of traffic signs is almost
as had as having‘no signg at all. Teo @ften, uwnfortunately, location of
signs has been based upen the results of'haphﬁZard experimentation by ﬁérsens
without proper training or experience, or even upon sheer guesswork, One
resulﬁ of this loose confrel has bgen a tendency to over-sign. 3o many wern-
ing gigns havg been plaéed that the average motorist tends te lose reapech
for all of thamoloo

These commeénts on the tendency of motorists %o ignore signs'take on

sdded significance in the light of a Rhode Island study™ ™

of driver reaction
to signs and signals; It was found that 42 percent of the moterists ebserved
failed fo slew down to 15 miles per hour when a flashing amber light was en-

countered and that from 22 teo 66 percent of the motorists failed to make a

complete halt at & standard sbop. Illinois studies™O%

alse show that drivers
censbtantly ignors posted spesd limits and travel at speeds which they con-
sider reasonable and safe for prevailing highway conditions,

Some years ago, Wiley103 carried out an investigation concerning the

placement of non-reflectorized signs for maximum value at night, He feund

that for signs having vertical dimensions of 2k to 26 incghes, the distance
from the crown of the road to the middle of the sign should be §bout 3 feet,
When signs are 15 to 20 feet from the road centerline, they should be Surned

toward the read at an angle of from 50 te 60 degrees with 1ts centerlins,
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Adequats safety from glare can be obbtained by $ilting the sign forward about

3 degrees,

louraquireD with few exceptions,

Michigan highway sigr specificatiocns
that warning, regulatory, and guide signs erected in rural areass be lecated
10 feet to the right of and 5 feet above the édga of thelpavemenﬁ or road-
way. With oversized signs, the height may be somewhat less., In urban areas,
nost signs are o be placed 1 foet te the right of the facerand 7 feet above
the top of & standard curb. Heres again, oubtsized signs may be sgmewhat lowear,
Jundtion gigng are to he 300 feet ahead of intersections in rural areas and
1000 feet ahead in urban areas, The correspoending distances for signs de-
noting curves are 250 and 750 feet,

The City of Basten is experimenting with a new overhead sign location
for all signs on its new James J, Storpow Meﬁorial Parkway. These signs,
mounted on supporiing structures of tubmlar steel, can be ssen from a greater
distance than cenventional roadside sigmns of the same size, can not be
blocked f;om the view of one vehicla by a.notherkvehic“._leD and may be placed
directly over the lane %o which they refer, Signs are @quiﬁped with 10-
inch reflectarizéd letters and numerals and are visible from at least 600
feet under normal night driving.conditions, Ne accident rate statistics
have as yet been compiled for $he new signs, bub polize report a minimum of
driver hesitation and confusion, and many motoerists have commented faverably

on their attraciivenmsss and 1egibility0105

Delinsators and Surface Markines

Road delineators consist of reflective heads appreximately 2 incmswide
and 6 inchies high, mounted on suitable supperts, The féflecbing slement may
be either reflector Tubtons or a reflective ceating, Such markers are very
effsctive aids fér night driving. They are used on long continuons siretches
of highway or’through short stretches where there are changes in vertical or
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h@rizental alignment which might be confusing, Propsrly pla.ceci9 delinsators
will remain visible in any type of terrain under all adverse weéther COn=
ditions, Under normal atmospheric conditions;‘they should be clearly vism
ible for 1000 feet when illuminatad by standard automobilg headiampsulﬂéh
Judging by the lack of publjghed results, mo studies have as yet besn

made of the effect of delineators upon autemobile accident ratésn Since,
however; delineators enable the driver to detect both horizontal and ver-
tical curves more quickly than he otherwise would, there can be little doubh
that they are effective in decresasing the number of accidents occurring on
such streiches,

| Pavemenh surface markings are used to facilitate the flow. of traffic
énd reduce the posgsiblity of accidents, They are of two types: {1} 1133#
which divide the pavemenﬁ into laneg and indicate such specisl areas as
parking spaces and pedestrisn drosswalks, and (2) words or symbols whigh
supply information.to the motorist or warn him of hazards which lie ahegdn
The prime requirement for traffic markings is visibility. During daylight,
mers cﬁntrast in coler with the pavement surface gensrally results in suf-
ficient visibility. Color contrast by itsslf is, however, not adequabte %o
insure good vislbility at night, The slab must have the abilisy éf reflect-
ing part of the rays of the vehicle's hsadlights back %o the eyes of the
driver, It has bsen feundlo? that glags beads increase the night visibility
of painted traffic stfipes to a greager degree than other available mater-
ials, with smaller beads cffering a number of advantages in economy and
servicelife over the larger sizes, DBeads wers originally applied by gravity
to the fresh surface of the paint stripe. 7This so~callsd overlay method
has been largely superssded by the premix method, in which the beads are
mixed with the‘paint before it is applied to ths pavement, Sométimag a

combination of the above two methods is smployed. Beads are retained in the
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stripe more wniformly when the premix method is used, and the stripes re-

tain & wniform and adeguate degree ¢f brightnsss throughout their 1ife,

Traffic Signals

Highway traffic signals are power operated devices, cther than signs,

by which traffic is warned or permitted to itake specific actions. Properly
installed, these signals facilitate the flow of traffic, help te eliminaﬁe
driver confusion, and reduce the rate of certain types of accidents,

In any adequate d iscussion of traffic lights, the probvlems raiged by

colorblindness must he taken into consideration. The retina of the eye may

be divided into three zones: the central zone, in which so-called normal

vision cccurs; the medial zone, in which enly blue and yellow are discernible;
and the marginal zone,in which all celor stimuli tend %o appear as colorless,
In the typical color=blind person, the sentral zone of the eye is analogous

to the medial zone of the normal eye. It is apparent, therefors, that the

ideal colors for tfaffic lights would be blue and yellew since even color-
blind persons, with rare exceptions, could distinguish between them, How-
ever, tradition prevents their use, With present "red - gréen" traffic lights,
it is desirable that the green be made as bluish as possible. A more sabis—
factory traffic signal than that currently in use could be obtained by replac-—
ing the standard redwith an orange-red. Unfortunately, the necessity of

providing for the yellow "caution®" light makes such a change impossidle, IF

yellow could be generally excluded as a signal color, the adoption of a more

adequate "red would then be in ordernlga

In the past, traffic signal salesmen, capitalizing on their customer's
desire for safety, labeled the stopmgq signal as a safety device, and the
public generally still accepts it as such, Actually, such signals ars nethe
ing more than regulater valves which, properly applied and opsrated, can

produce orderly. traffic flow, wibth btraffic safety an imporbtant Wwy-preduct,
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Some years age, the Michigan State Highway Department hegan to suspsct
that signal installatipns do not end traffic accidents; rather, they ﬁefalj
alter traffic behaviof and produce a different accident pattern, In order
to obtain more accurate information on this point, the department decided
to conduct a. study of accidents as related to traffic signaisoi09h‘gl;
though fhis study has only just begun, certain facts have already hecome

known with regard to rural intersections, For example, in several instances

it was found that the aceident rate actuslly increased after installation of

signals. Many of these accidents can be attributed to ths isclated location
of the signals, The motorist unexpectedly encounters the signal and is for-
ced tg applﬁ his brakes guddenly, with the resul% that aut@mqbiles fqliowing
behind his own are often unable t@jst@p in time to aveid rear-end cellisions,
Observations made by the Maryland State Highway Commission om the,
Pulaski Highway indiéate that even when a signal is expected, accidgntg can

sbill occ;ur;llO

For example, the driver who approaches an intersection when
the light changes from green to yellow is faced with the problem of whether

to stop or to go on and try to heat the red light, While he is frying to

decide, the driver ahead may elsct to stop, thus causing a collision,

In discussing metheds of improving accideht control on rural highways,

McMonagle points out that the present stop-and-go signal hes not been changed

‘in:any important way for at leasht twenty-five years. He suggests that the

same form of the device may not-be.applicable to traffic conditions in both
urban and rural areas, and that a spaciallymdeéigned signal may be'whaﬁ is
naeded.,ll1
For a number of years an argument has raged regarding the relative
merits of ave}hsad and corner post traffic signals, with firétrone and then
the other beiﬁg'prmferred, At present, the trend appsars to:b@ towgrd over—

head signals, especially those suspendsd dirsctly over the traveled wayollz
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The mast arm type of signal appears to be gaining favor in Detroit and Cal-
ifornia, Two methods of increasing the visibility of signals are now being

employed, The first of these consists of mounbing the signal face in the

center of a rectangular steel or aluminum plate which is from 10 %o 16 inches
greater overall dimensions thsn@ﬁhe face, The resvlt is a target which is

much more 653 13 seen than the conventional wnmounted signal. Increased vis-
ibility may be attained by using double red indicatiors on traffic signals,
. Not only is the signal more sasily seen, but an additional safety factor is

provided, since the burning out of ons red lamp no longer leaves the inter-

section without any signal,

Elaahing Beacons and Signals

K flashing beacon is a section of a standard highway traffic signal
having a single red or yellow lens in ;ach face, which is illuminated by
‘rapid, intermittent flashes, Flashing signals are similar except that a
étandard tréffie signal is used, one lens being flashad, |

Flashing beacons and signels perform uwseful functions ap locations
where traffic or physical conditions do not justily a cogventional type of
stop-go installation, At other points of hazard - for example, a sharp
curve hiding an intersection or a physical obstrustion in the roadway -
flashing beacons may bhe justified as advancs'wa:ning devices, This type of
installation is especially effective at intersections where approach speeds
are in excess of that warranted by conditions and signs do nat'adequately

impress the driver with the need for stevpping.

-Slreet Lighting

The amount of light available for seeing is consbtantly chapging. -As
daylight wanes, driving continues but the driver’s ability to see decresases

markedly., Accident records clearly jindicate that with lessened vigibility
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the driver's chances of becoming invelved in an accident ars much greater
than they otherwise would bs. It is highly desirable, therefore, that night
driving conditions be improved thrpugh the design and utilization of adeguabe
1ighting equipment for both vehicles and roadways;

The salutory effects of adequate, glare-fres street lighting are numer-
ous, First, and most important, the number of deaths and injuries caused by
. accidents decreases sharply. Safe vehicle-c¢peration speeds become hig?lerg
resulting in great savings of time, The daily traffic load anrtha highway
teénds te be more evenly digﬁributedb thus partially relieving highway con-

“

gestion and overloading, Finally, as a result of safer driving conditions,
insurance rabtes droﬁulIB
'A-good gtreet lighting system must meet several requirements, ‘Tegbagin
with, the system should as nearly as possible be uniform. When the motorist
is forced to Pasé‘in quick succession through several zones having lights of
Tarying color, intensityD and height, driving strain increaseslgreatly, The
levels of illumination should bé guch that the moterist, driving without head-
lights and at normal speeds, can preceed with as much confidence as he dis-
Plays in the daytime, Backgrounds as well as road surfaces should be illum-
inated, while adver{ising énd display lights which might interfere with
driver vigibility shoud be eliminaled. Tastly, traffic signs should be il-
luminated and all road obsiructions adeguately lighted°114
In the past, sireet lighting problems have ncet received all the atten-
tion they deserve, 117 In 1932, for example, the public spent $1.30 per
capita on street lighting as ¢ ompared to $0.99 per capita spent in 1944,
Furthermore, in upite of the.increased number of vehicleé;on-the road and
their greater speeds, as well as greater mileage of highways in‘useﬁ the act-

uval number of kilowabt hours used annunally %o light the streets declined from

2.3 in 1932 %o 2,1 in 1942,




In racent yéafs” however,.highway engineers have devoted an increasing
amount of atﬂbntiop'to the adeguate lighting of streets, with results that
in some cases have béen litﬁ;e less than astonishing, Detrdiﬁn Michigan,
proﬁides a dramatic exXample of the greét éffect which street lighting has
on highway-accident rates, A survey of auﬁ@p@bile accidents in that city
Jjust prior %o qula»Waf IT indicated that-?S percent of all night acci&ents

occurred on s,@égloo miles of streets which carried about 15 percent of the

o

night traffic load. Affer a systematic study of the illumination of these

e

réads, lights wqre'added_which tripled the illumination., Over the fellowing

- bwo=year period, the number of nighl-time accidents on those same streets

116

'dropped sharply %o about 26 percent of the total number in the city, As
a result of an extensive modernization program, Debroit is now one of gpur
best-lighted cities, with more than 350 miles of modern, safe lightingall?

As of 1952, about 60,000 mercury vapor lampé wers in lighting service, |

Most of these were 15,000'1umen installations, but the number of 20,000 lumen

1a¢pé was increasing., Abéﬁt_l5;000 godium vapor lamps were also in uss,
ﬁcstly at short danger zones, such as bridges and raliway crossings, Fluor-
escent lighting, despite such advantages as high efficiency of generation of
;1ight, low brightness, felatively long life of installation, and ability to
fﬁrovide glare-free 1ig§pipg of wet pavement, was relatively uneommonolla

. Nﬁmercus steps may be taken to alleviate the very poor seeing conditions

which prevail on most riral highways at night,'!? First, and most obviously,
safety lighting can be provided on as many miles of highways as is physieally

possible. Known danger points can be illuminated by the use of lights ef

distinctive color, The visibility of rdadsids obstacles can be increased by
the use of white concrete and white paint, and highway surfaces can bef@Q@é
structed with as high & reflection facter as possivle, The adeption of all

or even most of these recommendations would no doubt lead to a great decrease
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in the amount of driver fatigue caused by night driving and hence to a de-

creége in the number of accidents ocecurrring.

Speed

The speed at which people drive is important for seversl reasons, Speed

makes autemobiles useful, and anything which reduces driving speed takes

away part of their usefulnesé; gpeeds are related tcfl&%%ﬁentso hence, safeby
éhgineersimust pay-attentionlﬁd speed trends; and a knowledge of driving

speeds is essential to the designers of new highways,

The earliest usable speed-trend infdrmation comes from Rhode Igland,

-‘where‘the average speed showed a steadj‘increase from 22 miles per hour in
1925\%0 BQ‘miles per hour in 193#. In 1952, twentyasii states reported the
‘rSSults of 681 speed studies on main rural highways,lzo These studies in-

cluded observations on 274,810 vehicles. The average spsed of all vehicles

was 49,5 'miles per hour, an increase of 0,6 miles per hour over the figure
~for 1951, The average speed for péssengér.carén trucks, and busses was 50.8,
.144L8, and 51,9 miles per hour rsspectively;‘ Fifty-two percent of the pass-
enger.cars9 22 pergeﬁt of the trucks, and 60 percent of the busses Qere
-$raveling over 50 miles.per hour, ﬁhile 15 percent of the passenger cars
-exceeded 60 miles per hour,

Thg Institute of Traffic EngineerSDIZIin 8 questionnaire‘sent_to the
motqr vehicle department or corresponding agency in each stabe, asked the
question: "Deo you.beiieve that high speeds (over 45 miles per hour) alone
are & frequent éause ¢f accidents'? Pifteen "yes® and 14 "no® replies were
received; To the Quéstion: "Do you believe that high speeds in combinaﬁ?on
“with other actions and conditions are the most frequenﬁ cause of accidents"?,
- 21 replied "yes® and-?~said "no", The censensus thus appearea to be that
speed is a basic faétar.i# accidentsy that if cars wers operatsd abt lower

1épaeds, the ensuing ﬁatter'cohtrol might result in less accidents,
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The probleﬁ'of determining accurately thqwrelatiqnship hetween ex-
cessive speed and automobile_abcidents is moréKd;fficult than it appears
aﬁ_first glance, In addition‘to vehicle speeds, such other factors as
traffic density and weather and visibility conditions must be taken into
account, since they determine to a large extent whether é particular speed
is safe or unsafe,

State motor vehicle accident reporting is: on ﬁhe whole, quite inade-
quate., For example, although fhércembined acc;denﬁ reports from 34 states
for 1940 listed speed violations as a contributing factor in one out of
every three accidents, the ffgu;eg for individual states ranged from a low
of 7 percent to a high of 34 percent, Such a wide vafiation is dus te dif-
fgrences in the completgnegs of reported information and to differences in
definitions of speeding, By adopting a national standard definition of
speeding and a standard system of reporting and swmmarizing vehicle geci-
dent infermation, thg usefulness of such reports in determining the impor-
tance of speed in relationship to accidents would be greatly enhanced,l?Z

" There is a great difference of oOpinien régarding the proper methb&s
for controlling speed. A%t one extreme is a group favo:i#g low speed limits
and rigid enforcement of traffic laws, On the'pther hand there ars those
who oppose any speed limit other than that dictated by driving condlitions,
A more practical and less extreme speed control program than either of thess
calls for séatemwi&e general speed limits, supélemented by speed zoning ai
locations where general limits do not fit rodd”con&itionsn This middle-of=
the=road apﬁroach is Eeing favored by an increasing number of highway officials.

Many conditions may operate to render general speed limits inapplicable,
For example, when numerous accidents have occurred on a particular stretch.
of highway because of hazards which cannot readily be coi‘re‘ctedﬂ gpeed zZone

ing should be consldered. Likewise, when physical and traffic conditions
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are such that speeds must be lower, or may be higher, than the general

limits, speed zoning is indicated. Changes in physical and traffic conditions
encountered in passing from a rural to an urban area may also warrant the
establishing of speed zones, Finally, it is often necessary to post special
limits at dangerous curﬁes or intersections,

Bince syéed limits should'as'nearly as possible be made to conform to
read conditions existing when traffic is normal and weather is good, they
should be selected only after an extensive investigation including field
checks of motor vehicle speeds; spot map studies of accidents; studies of
roadside development; and trial rung over the section being zoned, If more
thén 15 percent of the vehicles using a road exceed the.established spaéd
i;@it by 5 miles per hour or more, ﬁhe zone should be restudied to dester-
mine what is responsible for the situation, 0ften, the faumlt will be found
té_be in inadequatelposting of signé or laxty in enforecing speed regnlationso
rather than in incorrect speed liﬁits,

? Where spesd zening has been baged wupon the fesults of engineering and
traffic investigations and zones are adequately posted, marked decrsases in
the freduency of accidents result., Xor example, records for & 28 mile traf-
fic-control zone south of Detroit show that 44 fatalities occurfed in the
twowy?aplperiod preceeding establishment of the speed zone as compared to
43 for.ths three-year period following zoning, This represents a 35 per—
cent decrease in the number of fatal accidents.per year, Similar studiés
of zoned areas in New York and Arizona likewise showed zoning-to be an ef-
fective maané‘of reducing antomobile accident30123

Speed zones should be posted at regular intervals in order that the
mebtorist have no doubis concerning proper speed, Ths State of Michiganlza
provides that signs be placed appfoximately 1,000ft, in advance of the pointg

of beginning of a speed control zone, informing the motorist that the zone
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lies ahead, Approximafely 500 fect ahead of the zong.and at half-mile L
intervals throughout it, signs are iﬁstalledlindicating the sfaed-limit
which prevails, When spegd zones are thus adequately posted, the motofist
is able to proceed at a satisfactory speed, while remaining at sase both
mentally and physically,

A program of education can go far toward making the public aware of
the neéd for speed regulation. Such a program should include an eiplanation
of spepd lawsg, provide information on the interpreting of speed signs, and

tell what is being done with regard %o the enforcement of speed regulatiens,125

In order to impress upon the driver the neceésity for operating his

vehicle at reasonable speed, information concerning the relationship bebween

‘speed and such factors as vehicle, energy and braking disbance should he made
readily available., The motorist who realizes that the destructive power of

his vehicle increases as the sguare of the speed and that ths average vehicle

;

3
P
i

i
i
e
i
I

traveling at 50 mph requires 130 feet in which t@rstoplgé will very likely
be lass inclined to take chances than one ignorant of thaese fac%s.
Posted agpeed limits are meant to apply when traffic and weather con;
ditions are normal, and no special driving hagzards exist, Magy times, how-
ever, such conditions do not obtain; therefoers, a consideration of the effects
of rein, snow, sleet, fog, traffic density and many other faclbors mﬁst‘alao
be included in any educational program, BRducational material, in the form‘
of safe driving menuals, pamphlets, and leaflets cem be distributed in high- E

school driver-training courses and to individuals taking driverfs=license

exéminations. A digest and explanation of the more important state traffie
regulations might also be included on officisl road maps, ”

In March, 1954, the National Bafety Counecil, the Naticnal Committae;fcr
Highway Safety, and the intersIn&ustry Highway Safety Committee lammched a

program %o increase driver courtesy. At the core of the program is & seven
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point code: of the road, which asks the motorist to (1) keep in the proper

lane (2) allow ample clearance when passing (3) yield right of wsy to other
motorists and pedestrians (&) signal when turning and stepping (5) dim head-
lights when meeting or following other vehicles (6) respect traffic iams and
signéls, and (7) adjust driving speed to road, traffic, and weather conditions,.
Dash stickers,-withlths rales painted upoﬁ them, will he usedriggidg_vehicles,
a#d_other material will be distributed through business and igdus%rial Organ=
iztioﬁs, gchoeols, and churches. If is hoﬁed that the highway safety problem
can be;greatly alleviated by making‘the dfivér courtesyacanscioqs,lz?

While most mobtorists will veluntérihfobey traffic regulatiengo the?e are
always a few who must be held in linse thrduéh ferce or the thgeat'of i_‘o,x:ceo
Such persons not only endanger other motorists bub also sef a bad exampierfor
mormally safe drivers, some of whpﬁ may be tempted to emuwlate them and §19=
late traffic regulations. It is, therefore, necessary te back up dny dfiver=
education program with epfofcgmeﬁt of speed regulations,

Information on enfcrcemeﬁt' practices in cities and states was first
oﬁﬁained in 1937 by:tﬁe Gommittee on Spééd Regulation of the National Safety
Gouncil. Tt was fownd that] because of the deficienciss in existing spesd
laws, very few police organizatfons‘made any attempts to enforce them figidly,
Instead, drivers Qere permitted to exceed legalxspeed limits @y gmpuntgrranga
ing frém 5 to 10 miles per hour, In a few places, police made arrests pnly
ﬁhcn apeed limits wers exceeded by 20 miles per hoar or more, In practice,
the speed enforced in any particular locality was probably one_Which thg
majority regarded as reasonabie for the prevailing conditiqns,lza

The expérience of several states indicates thét accident;rates_can'oftsn
be matérially reduced by establishing and rigidly enfercing speed limits, In
Pennsylvania, for example, the Governor, as a result of the large number of

accidents oceurring in 1937, decreed a state-wide absolube spsed limit of 50
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miles per hour, effective Jan. 1, 1938. In the first ysar following the
establishment of this limit, the numher of accidents in rurai areas declined
2h.5 percent, and the number of injuries 29.4 percent, The numbé¥ of fatal-
ities for all highways both urban and rural, decraasea by approiimateiy 25
percent.129

The state of Galifornia has attempted to determine the typg‘qf_paﬁral
set~up most effective in reducing spsed ﬁiolations and accideﬁt ratss,ljo
One group of experiments ﬁas conducted on twd high~fatality sections of high-
vay, 'At sach end qf the_zone being investigatad, a8 large sign bearing the

words "Control Zone" was erected, Evéry half-mile throughout the zone 2 sign

was placed indicating a maximum spesd limit .of b5 mph, Parked squad cars and

offieers stapding beside parksé mbtorcycleé were stationed at several points,
in full view of motorists, Speed counts showed thai during the 10 day period
in which these tests were conducted, 20 percent of all vehicles exceedsd thé
legal speed limit, as compared to 46‘3‘Percent with normal patroling, Eheré
wers no accidents of any kind, Patrolmen eruising through the g;éa.on motor-
éjcles proved much less effective, ‘Indeed, when this systeﬁ was employed,
EG;& percent of all vehicles sxceeded the legal speed limit, an increase of

L .1 percent over the norméiiy pfevailing rata:of violation,

Care must be used in interpreting the above fimiingé0 For one thing,
the validity of conclusions bases on a 10-day period of observaition is open
to serious question, Furthermore, it is difficult to believe that molorists
increass their speed ;n the presence ofla patrelman on a moving motercycle,
To properly interpret the results of these investigations, information con-
cerniﬁg traffic volume, traffie conditions, weather, and numerous other

factors must be taken into account,
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Traffic Congestion in Urban Areas

Although great advaﬁées have been made im the tran;portaion of both
people and goods in the last 30 years, and much money spent on wider streetfs,
overpagses and underpasses, bridges, tunnels, and other highway improvements,
urban traffic congestion is becoming wofse, rather than better, Traffic jams
are undesirable on several counts, The driver caught in a lane of slew-moving
vehicles guickly becomes fatigued and irritable, hence more susceptible to
accidents, Fnrthermore, thg sxtraltime consumed in traveling from place to
place results iﬁ financial lasseé both to the operators of cpmmércial vehicles

and those they serve. It is estimated that New York merchants lose one mil-

131

lion dollars a day because of street'congestion, and the losses to trucking

‘companies are probably of a comparable order,

There are threse ways of relieving urban traffic congestion: (1) by ime
proving and augmenting parking facilitiss,'kz) by promoting the use.of public
carriers rather than private vehiclesg, aﬁ& (3) by widening exigting streets
and constructing new ones, |

Investigations have shown parking meters to be an effective means of
reducing traffic congestion, Ons early study showed that instﬁllation ?f
parking meters was followed by a decrease in thse amountzqf parking, hence in
the number of vehicles cruising about looking for parkiﬁg spaées. As a result
of th§ time limit on parking, there was an increased turnover of cars at the
curb, In Portland, Oregon, the incrsase amounted to 54 percent on_blocks
observed by traffic engineers.132

A recent-surveynlBBConducted by the Highway Research Board, likewise
revealed that parking meters grea&ly angmented curd turnover, Of 806 mun-—
icipalities which participated, 24 percent reported a turnover increase of
100 percent or more; 21 percent a burnover increaée of 75 %o 99 percent; 18

percent an increase of 50 to 7?4 percent; and 26 percent "to a great extent',
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The pattern of turnover increase apparently was not affected by municipality
size.,

Street-t;affic may also be reduced by providing public parking areas,
Filled=in lake, waterfront, or canal areas,or space cgbtained b& razing old
ﬁuildings can be uwasd for this purposs, In Midland, Michigan, an area along
the river, formerly used as a dumping ground, has been converted into a mun-
icipal parking lot providing space for several hundred cars about two blocks
from the main business district., In the same town; areas formerly occupied
by a church and s tennis court have also besen utilized as parking lots.

While the installation of parking meters and the provision of off-
street parking facilities may help to alleviate traffic congestien, such
measures will never entirely eliminate.if, Wherever street parking -~— metsred
or otherwise =~ is permi’dte&s the effective width of the road is reduced. In
downtown areas, the traffic capacity of a @OEfoqt pavement on which pérking
is permitied is 45 percent less than the capacity of the same-width street on
vhich parking is banned., Seventy-foot streets are deprived of 43 percent of
their capacity. In each instance, the reduction in traffic capacity is greater
than the reduction is space available for dri#iﬁg, It is the boitleneck
caugsed by vehicles pulling into and out of parking spaces, as well as the act-
ual space occuplied by parked vehicles, which accounts fﬁr the reduced highway
capacityn134

The congestion problem is further complicated hy the limited carrying
capacity of streets, Whereas the maximum capacity of a:singﬂe lane of an
elevated highway is approximately 2,700 passengers per hour, a lans of busses
cen move 9,000 persons in the seome time, a surface strest car 13,000, and an
express subway 6090000135 In Wew York Oity, it would take 12 %o 15 six-lans
grade separated parkways to provide the same passenger-carrying capacity as a
four-track subway.ljé By persuading the public to make greater use of public
transportation, a major step toward the solubion of the urban traffic problém

would be accomplished,

Bl4en




Fopae il oL

Where traffic congestion is particularly bad, it is someﬁimes necessary
to-redeéign the street system., This may be done by widening éxisting streets,
by building new artérial routes, or a combination of these methods, A great
deal of care must be taken in planning the location of such routes, It is

necessary to have a thorough knowledge of the existing street system, includ-

ing the volume of traffic using esach street, the hours of maximum tréffic flow,
and the bottlenecks in the system., 1In addition, expected. population growth,
direction of growth of city, shifts in centers of industrial employment, and

possible future use of various sections of the city must also bewcgnsidared%37

A'pporly planned system can result in more, rather than less, traffic conges-

tion, especislly if a new roadway discharges a great veolume of iraffic inte

a systsm\anahle to. handle it, With proper attention to the above factors,
however, a noticeabls and lasting improvement in the urban traffic picture

may be oﬁtained. ' : -
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FEDERAL PROPOSALS AND RECOMMENDATIONS

In this section an abtempt will be made to summarize several federal
- proposals and recommendations which have as one of their aims the promotion
of highway safety on a nationwide basis: Inciuded in these propesals and
recommendations are (1) a nationwide interregional highway system (2) a
vehicle regulation code for states, and (3) a @odel‘tréffic ordinance for

citissg,

Interregional Highways

The federal proposal for a system of interregional highways was
transmitted to Congress by the President of the United States in January,
19449 and published as House Document No, 379, under the title A Report of

the National Interregional Higshway Commitiee Outlining and Recommending a

National System of Interregional Highways. The_commiﬁtee recommended the
establishment of a national system of rural and urban roéﬁs totaling
approximately jb,QOb miles and connecting the principal_éeographic regions
of the country, It was propesed that the roads connect as many as possible
of the large urban centers and as many as practiicable of the cities having
at ieast 10,000 population, even though inclusion of the latter might in-
velve deviation from ideally direct routes between the 1érger cities,

A1l rural sections of the highway having a daily traffic volume of

3,000 vehicles or over would be divided highways, while rural gections with

e daily traffic volume of 15,000 vehicles would be 6=1ane divided highways,

Pavement lanes would have width of 12 feet, All railway crossings and ail
urban crogsroads would be separated, as well as all ¢ressroads in rural

- gections having a daily traffic volume exceeding 5,000 véhiclaso In ad-
ditionglrural crossroads would be separated whenever feasibla, regardless

of traffic volume, All curves sharper than one degree would be super-
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elevated, the maximum super-elevation for rural arsas bging 0,12 and for
urban areas 0,10, .

For 2-lane highways the minimum non-passing sight.distance would be
400 feet at 50 :mphq whilé passing distance would bs 1,500 feet,

In detérmining the lecation of the roadway, an attempt would be made
to bring the highway inﬁo view of lakes, rivers, wooded hills, or other
vleasant vistas, Sufficient right@ofmway would be acquired so that ob-
Jectional and unpleasant features of the landscape could be screened from
view, In urban areasn‘planbing of trees and shrubs in formsl arrangement
along the roadway edge or in the median strip would be allowed, but in

rural areas an attempt would be mede to preserve or bto recreate a nabural

foreground in harmony with distance views,
The system is designed to mest to an optimum degrse the needs of inf

terregional and intercity transporbation, Of the now-existinmg rural high-

ways, city streets, and bridges which conform approximately in location to
the recommeénded system, iny a very small percentage closely appfoaches

the standards proposed, This being so, 1t is quite likely that safetymwise
they algo compare unfavorably with the propossd new system. Any improve.
ments, therefore, which 5re designed to hring such existing rqads up to the
standards proposed for the new system would almost inevitably make them

gsafer for moborists,

Uniform Vehicle Code, Modsl Traffic Qrdinance

It has leong been recognized that non-uniform itraffic laws are a source

both of inconvenience and hazard to motorisits and pedestrians. They contri=
. : 4

bute to accident and traffic congestion, increass administrative and enforce-
ment Turdens, and interfere seriously with interstate travel and commercs,
In 1926, in an effort to meet public demend for uniform traffic laws, a

Tniform Vehicle Code was formulated by the_National Conference on Strest and
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Highway Safety, in cooperation with The National Conference of Cemmissioners
on Uniform State lLaws anﬁ recommended as the basig for wniform state traffie
regﬁlations° At the présént timep the cede comprises five separate acts,
gach of which deals ingyéat detail with a particular phase of vehicle reg-
wlation, as followss Aéﬁ I is concerned with motor vehicle registration,
certification of title, and anti-theft legislation; Act IJ with licensing
of opsrators and chauffeurs; Act IIX with the clvil liabilisty of owners_an&
operators of motor wehiclesy Act IV with the safaty ragponsibility of driversg
and Act V witﬁ stats traffic regulations. “Aleng with the Uniform Vshicle
Code, a Model Praffic Ordinance was adoptedu which was &esigned for munici-
palifbieso Both standards are revised periqdiaally to keep ahsad of chanéing
traffic conditions, the last such revision ﬁeing in 1952, Revisions are
made by the National Committee of Uniform Laws and Ordinances, whish is part
of the President's Highway Safety Conference, The committes includes more
than 100 representatives of federal, state, and local law snfor@emént and
legisglative agencies; sducabional institubions; manufactﬁférs; insursnca
céﬁﬁaniésg and business, professional, and social orgaﬁizationso

While it is impodsible to summarize concisely the many individual pro-
visions contained in these recomnendations, the bri@f<description of their
content's,, given above, shows clearly that they cover every aspsct of vehicls
ownsfship and operation, HBxperience has shown that when all or part of these
regcommendations are adepted by a state or‘cammunityg the result is an in-
creass both in the safety and efficiency ef highway tramsportation, Con-
gidering their scops, plug the fact that they represent the considered
opinion of meny individusis and organizations directly concernad with high-

way transpoertation problems, such results are not ab all surprising,
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