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THOUGHTS ON HIGHWAY DESIGN RESEARCH AS RELATED TO

DESIGN

SAFETY OF VEHICLE OPERATION

By CuarLes M NosLe
Assistant Engineer, The Port of New York Authonty

SYNOPSIS

Possibilities of research are outlined for the purpose of establishing definttely
the basic causes of motor accidents and the relation of highway design to acc-
dents The point 1s stressed that if those basic underlying causes can be known
which originate 1n some subtle defect in the design of the highway and in the
psychology of the driver, engineers can surely devise effective means to reduce
such accidents as are chargeable to the lughway 1tself, and at the same time cor-
rect and prevent many errors of the motorist Before highway designers can
design for basic safety, enough of driver psychology must become known to
enable the designer to arrange conditions in such a manner that the driver
will mstinctively choose the safe act The striking results of research, education
and enforcement 1n the reduction of industral accidents 1s cited and the analogy
existing between that effort and the present motor accident situation 18 noted

In the field of technical design of those highway elements effecting safety of
operation, the uncertainty of design features 1s treated and suggestions made
relative to the desirability of research for the purpose of defimitely estabhshing
design practice The features mentioned include the width and detailed treat-
ment of the center safety dividing space of dual lughways, the lack of knowledge
on permissible safe speeds for particular designs, lack of knowledge with respect
to shoulder widths, spiral curves and distance between reverse curves, and the
effect of vertical curves on headlamp visibility and entrance and exit facilities

The effect of the time element on design of modern highways because of the
advancing speed of motor cars 13 outlned, elementary examples are given
illustrating the thought that design features should be located at distances from
the driver expressed 1n seconds of time, and necessary research 1s suggested to

establish the data needed for designing with confidence

With some notable exceptions the bulk
of past highway research has been in the
field of the physical properties of the ma-
terials of construction, and lhittle atten-
tion has been directed toward ascertain-
ing the basic requirements of highway
design as related to the safe and efficient
operation of motor vehicles, with the re-
sult that great progress has been made 1n
physical design and construction while
msufficient knowledge 1s available 1n the
realm of design affecting safe operation
Thus, a challenge 1s offered the research
worker, and fertile ground 1s available
to organizations with sufficient financial
and technical means to cultivate this
form of mvestigation

The appalling accident and death 1ates
indicate that many problems in highway
design are unsolved The proper solution
of these problems 1s vital, for the ease

and comfort with which a modern motor
car can be operated at high speed has
revolutionized the requirements of design
to such an extent that a national emer-
gency exists One need only mention that
more persons are killed in motor acei-
dents 1n one month than have perished in
all the floods 1n the United States within
the past ten years, to indicate the magni-
tude and seriousness of the situation
Before 1t will be possible to establish
confidently the fundamental principles
of safe highway design, 1t will be neces-
sary to ascertain the basic causes of ac-
cidents, to establish the relation and
cffect of highway design on accidents
and to uncover the mysteries of driver
psychology The conventional method of
studying police accident reports, reveals
only the most obvious accident causes,
and frequently a wholly misleading pic-
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ture may be obtained, for often the real
and fundamental causes are so obscure
and subtle that they will require the
talents of a particularly traned and en-
dowed mvestigator to uncover * All too
fiequently blame 1s attached to one m
both drivers with no attempt being made
to ascertain whether highway conditions
created the circumstances which caused
the accident This attitude on the part of
the police 1s understandable when 1t 1s
remembered that 1t 1s more natural to
blame an individual than an nanimate
facility, particularly since the partici-
pants may appear 1n a court of law to
recover damages, and, since 1t 1s not pos-
sible to recover damages from an inani-
mate highway, the emphasis has been to
search out the human error mvolved
rather than to look back of the human
error and find out what caused that er-
ror, for many times a particular set of
mmanmimate components of the highway
combine to cause the motorist to com-
mit an error It 1s the search for such
fundamental causes that concerns the 1n-
vestigator and from which will emerge a
clearer conception of the relation of high-
way design to accidents

It may be of assistance in grasping
the writer’s meaning, to realize that al-
most never 1s an accident deliberate Sel-
dom does a driver deliberately set out to
cause an accident In other words a mo-
tor accident 1s truly an accident This
suggests that 1t 1s very possible for high-
way or street conditions to be the funda-
mental originating cause of many acci-
dents, conditions which at present are not
1ecognized as hazards, things so subtle
that they are not even suspected TUn-
raveling this mystery will require a high

1 Tentative qualifications of the proper type
of investigator (1) Practical experience 1n
highway design and construction, (2) Thorough
education 1 the physical sciences, (3) Exten-
sive traming in advanced mathematics, (4)
Education 1in psychology, (5) The mental per-
ception to realize that the above are only tools
and are a means to an end, not the end itself,
and, (6) Practical common sense
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type of detective work The situation 1s
somewhat analogous to the condition ex-
1sting 1n industry a number of years ago
when the industral accident 1atc was
quite high At that time accidents were
assumed to be an unavoidable cvil and
part of the risks of manufactuiing, little
effort bemg made to 1mprove the situa-
tion Then, as today in the motor field,
the operator of the machine was assumed
to be at fault in case of njury, the as-
sumption being that he was nept or care-
less Fortunately, men of vision believed
that many accidents could be avoided by
a study of causes, by education and by
regulations forcing operators to conform
to safe practices, and these methods have
been so successful that all industral ac-
cidents have declined materially, in spite
of mncreased production, while 1n certain
industries the accident, rate has fallen to
miraculously low levels Thousands of
men and women are alive and well today
who would be dead or permanently dis-
abled had 1t not been for that effort This
1s a remarkable tribute to the men and or-
ganizations responsible for these results,
particularly when 1t 1s remembered that
i the beginning the very persons bene-
fited most vitally, the workers, were al-
most entirely indifferent, and mm many
cases 1efused to cooperate

A similar opportunity exists m the
highway field, particularly as related to
causation and to the psychology of the
driver If 1t 18 possible to ascertain the
basic originating cause of an accident
and establish the fundamental concepts
of driver psychology, then, and only then
will 1t be possible to design the highway
for basic operating safety insofar as phy-
sical and psychological conditions in-
fluence accidents Many-of you are no
doubt familiar with the psychological 1n-
vestigations conducted a number of years
ago at Ohio State University 2 Those
studies were made m an effort to dis-

2 Weiss and Laurer, “Psychological Principles
of Automotive Driving,” Ohio State University
1927-29
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cover the smitability of the driver for the
car and the highway Furthermore the
manufacturers of motor cars also regu-
larly subject the vehicle to exhaustive
tests to determine 1ts switability for the
driver and the highway

Tests are as urgently needed to deter-
nine the suitability of the road for the
driver and the vehicle, for engineers will
not be able to perfect the techmque of
safe highway design until all the basic
facts of driver psychology and the physi-
cal effects of road conditions on aceidents
are known Before highway designers
can design for basic safety, enough of
driver psychology must become known to
enable the designer to arrange sets of con-
ditions 1n such a manner that the ve-
hicle operator will unconsciously choose
the safe act rather than react in a way
to lead up to an accident

There are many who will contend that
such results are impossible, but, since
that particular state of mind has been
proven incorrect 1 connection with al-
most every major accomplishment i the
scientific and engineering fields during
the past 100 years, the public has come to
expect the impossible from science as a
matter of course To illustrate, not long
ago foundation engineering was 1m a
condition somewhat similar to the high-
way problem of today Foundations were
designed by rule of thumb, based on per-
sonal experience, and a scientific ap-
proach was considered unattainable until
Dr Terzaghi appeared and laid the
foundations of so1l mechaniecs The com-
plexities of the problem were so great,
conditions so varied and intricate that
the 1dea defied the imagmation, and
many practical engineers thought a solu-
tion impractical or impossible But Ter-
zaghi persisted, with the result that his
principles have been enlarged and ex-
tended by other able investigators, prac-
tical design 1s utihzing soill mechanics
and today he 1s acclaimed throughout the
word as the father of a new science
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The accident problem 1s 1n w1 gent need
of a similar type of fundamental analysis
and 1esearch, for if engineers can but
know what 1s causing accidents there can
be little doubt that engineering ingenuity
can surely devise means to combat them,
with the result that thousands of lives
will be saved and the tremendous eco-
nomic loss occasioned by motor accidents
will be materially reduced The motor
accident problem 1s more difficult and
serious than any that engineers have ever
been called upon to solve Research mto
physical materials 1s simple 1n compari-
son, because engineering materials fol-
low definite and constant laws, however
obstruse, intricate and difficult of per-
ception, but the accident problem in-
volves human behavior and reaction n
almost infinite variety and complexity
Yet there must be certain patterns, cer-
tain similanties and certain “laws” which
will govern 1n many instances and of
which use can be made 1n the design of
highway facihities It 1s, therefore, ear-
nestly hoped that the opportumity will
be seized and that searching and basic
research will be undertaken and vigor-
ously pursued until the fundamental
principles of accident causation are defi-
nitely established

Unfortunately the other tools effec-
tively used by industry to reduce acci-
dents, namely education and regulation,
have not been as effective i the motor
field as might be hoped (except in fleets
of trucks and busses), for whereas indus-
try has a certain amount of control over
its employees and can force them to
adopt safe practices, and may n addition
weed out the accident prone, such a course
has not yet proved practicable in the mo-
tor accident field This may be attrib-
uted to the temperament of the American
people, which 1s known to be impatient of
regulation 1n any form, and since the
public 1s not an employee the present
means of education and enforcement have
not been conspicuously successful
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Therefore, since this form of accident
prevention 1s equally as important as
prevention by safe highway design, 1t 1s
as fundamental that research be 1insti-
tuted for the purpose of discovering
means whereby the pubhe can be per-
suaded or forced to adopt safe dniving
practices This thought 1s not new to
business, for sales and advertising groups
have become expert in persuading the
public to purchase their products and
they have developed a reasonably effi-
cient techniec which 1s based on research
as well as experience The 1dentical
methods used by business to persuade the
public to buy theiwr products may not
be effective 1n the motor accident field
but undoubtedly research will develop
far more efficient methods than now em-
ployed for this purpose In addition, re-
search for developing positive means of
enforcement 1s urgently needed, for there
1s always a small group of individuals
on whom the most efficient and scientifie
methods of persuasion and education
would be wasted

Fortunately an attack has already
been started at Harvard University on
this phase of accident prevention, which
shows great promise of success, and 1t 1s
hoped that this work will be further en-
couraged and stimulated

If, then, research can uncover the
fundamental causes of accidents and n-
dicate the relation between highway de-
sign and accidents, while at the same
time effective means of education, per-
suasion and enforcement of safe driv-
ing practices are developed, a great stride
will have been made toward making mo-
toring on American streets and high-
ways safe

In addition to the subtle and psycho-
logical a number of unsolved problems re-
lating to design are awaiting much needed
research 1n the physical field For ex-
ample, can anyone state with certamnty
the correct wiadth and treatment of the
safety dividing space for a dual highway

245

to satisfy particular sets of conditions,
and can anyone specify with certainty
the maximum safe speed that vehicles
can operate on any given type of design?

From a practical standpoint it must
be admitted that financial and physical
circumstances will limit the width of the
space dividing dual highways On the
other hand the average motorist, 1f ques-
tioned, would undoubtedly indicate a
preference for a design without curbs,
flanked with wide smooth stabilized
shoulders Such a design 1s practical and
safe, when a wide separating space 1s
used, but as the width decreases 1t be-
comes evident to thinking engineers, that,
at a certaimn himit, some type of design
18 required which will prevent impatient
drivers from using the safety space as a
means for passing (possibly simultane-
ously 1n opposite directions, resulting in
head-on collisions) , and as a means of a
certain amount of protection to opposite
direction traffic from cars out of control
Studies are urgently needed to determine
the limiting width when protective de-
vices are required in the center, and to
mdicate the type of detailed design most
suitable for certain widths For ex-
ample, on an elevated structure where
every mcrease i the width of the struc-
ture represents an appreciable increment
to the capital outlay, the designer 1s
faced with the choice of making the
width as small as possible, which may
take the form of a low wall one (1) foot
wide, or the provision of a greater space
of some arbitrary width If a greater
width 1s used, the problem resolves itself
mto a choice of normal height vertical
curbs, high vertical curbs and low slop-
ing curbs, all types with or without a low
wall 1n the middle At present there are
no data on which to base a detailed de-
sign or to determme the minimum safe
width

The type of curb 1s also a problem
where conditions are such that the width
need not be an absolute mmmum It 1s
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1ecognized that a veitical curb over 3
oo 4 1n ligh wil prevent motorists,
pinched by traffic, from mounting the
curb and thus 1t may bc expected that
sideswipe accidents will mciease where
lugh vertical curbs are used The motor-
1st senses such hazards and instinctively
drives clear of high vertical curbs,
usually a distance of from 4 to 6 ft,
thus causing an economic waste 1n the
effective width of the highway If the
designer wishes to use low or sloping
curbs he has no certain knowledge of
exactly what type to use for 1t 18 quite
possible that he may use a type which
might throw a vehicle completely out of
control 1f mounted at even a moderate
speed, or that vehicles may be unable
to mount them when covered with 1ce
Again, the type used may offer so httle
obstruction that drivers will at the least
provocation mount the curb and use the
space for passing, thus greatly increasing
the hazards of operation

In determining the answers to all the
above detailed problems, opinion 1s not of
much value A canvass of one hundred
engineers would, in all probability, re-
sult 1n one hundred different solutions
Therefore, the only sure basis of deter-
mumng the true facts 1s from a thorough-
going 1nvestigation i which the acel-
dents occurring on each type of design are
analyzed and exhaustive practical tests
are conducted simulating actual acci-
dents and noting the resulting damage
created by each type of design In this
way, the 1deal design which subjects pas-
sengers and cars to the least injury would
soon be indicated

The question of the safe permissible
speed which may be used with a par-
ticular design and width of separation 18
an entirely unexplored field and thus 1t
will not be possible for engineers to de-
sign for over all economy or to post safe
speeds until research provides the answer
to this question Therefore, 1t 15 most
urgent that such investigations be insti-
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tuted before any considerable program of
dual highway construction 1s undertaken

The safe speed that a vehicle may
travel 1s mnfluenced to a considerable ex-
tent by the width and condition of the
shoulder adjacent to the pavement, but
as yet there 1s no definite method of
evaluating 1n concrete terms its effect on
motor safety In other words, because
of lack of knowledge, the value of the
shoulder 1s an unknown intangible, and
1t 18 generally conceded that engineers
dislike dealing with intangibles It 1s
therefore evident that more knowledge 18
required to establish the facts relative
to the effect of the shoulder on safety
and on safe speeds To 1illustrate, if the
highway had no shoulder, with an abrupt
drop at the pavement edge, the average
motorist would feel quite unsafe and 1t
would be readily admitted that the safe
speed should be quite low, cars stopping
for any purpose, such as changing a tire,
must of necessity remain on the pave-
ment, thus completely blocking the lane,
and all drivers must observe extreme
care not to run off the edge of the pave-
ment, for such a course would 1mmedi-
ately result 1mn a serious accident Sup-
pose an increment of one foot 1s added,
making a shoulder one foot wide, the
guestion awaiting an answer 1s, how
much has this increment added to vehicle
safety and what may be the safe speed?
It 1s probable that as increment after
mcrement 18 added to the shoulder width,
the locus of a curve on a diagram repre-
senting benefits would continue to ascend
until a certain width has been reached
after which the curve will droop over and
start to descend, indicating that after
reaching a certamn width any further m-
crease of the shoulder follows the law of
dimmishing returns

To the writer’s knowledge no start has
been made on this problem, and yet 1t 1s
quite as vital as many other highway
problems which have been exhaustively
mvestigated It must be admitted that
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the problem 1s not simple but highly
complex, yet, mntelligent, careful and pa-
tient research 1s certain 1n the end to pro-
vide the engineer with tangible facts on
which to base a design for the various
types and classifications of highways he
18 called upon to construct

Considerable discussion has been di-
rected to the problem of setting up a
proper criterion of the length of spiral
curves A recent method of approach has
been on the basis of the rate of change
of centrifugal acceleration, but there 1s
some question as to whether this method
will really lead to a proper solution for
1t 18 quite possible that the rate of super-
elevation and the friction value assumed
i the formula for superelevation may
have as important an influence on the
spiral length as the rate of change of
centrifugal acceleration A statement of
the case may make the 1ssues clearer

In order for the motorist to feel the
effect of centrifugal force and the rate of
change of centrifugal acceleration, the
curve must not be superelevated, or the
vehicle must be travellng at a higher
rate than the speed for which the curve
1s banked In other words, if a vehicle
18 travelling around a curve at the ex-
act speed for which 1t 1s banked, the op-
erator will not be affected by centrifugal
force since the force of gravity introduced
by the tit 1n the roadway cancels cen-
trifugal force, and 1f a spiral 1s utilized
which at every point 1s banked for the
given speed and radius at that point
there will still be a balancing of forces
even 1f the spiral 1s only one foot long
However, a rotational force 1s introduced
by the transition from the ordnary
crown to the superelevated section and
if the spiral were only one foot long this
rotation would be too rapid for comfort
o1 safety In the case where the vehicle
1s travelling at a faster 1ate than the
speed for which the curve is superele-
vated, then the forces introduced wll
amount only to the difference 1n speed
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between the superelevated speed and the
actual speed, and since the speed 1s
cubed 1n arriving at the rate of change
of centrifugal acceleration, the difference
in the forces 15 appreciable A numerical
case will 1llustrate

L,=158 1,
r

m which L, =length of spiral, v=velocity
i MPH, and r=radius 1n feet

(The formula 1s based on a rate of
change of centrifugal acceleration of 2
ft per sec per sec per sec, and as-
suming no superelevation) If 1t 1s
assumed that the rate of banking E
18 05 ft per foot of width, permissible
friction F 03 and speed 60 M P H then
7V, r=3000
ft (in round numbers) Substituting
these values of speed and radius in the
spiral formula, L,=113 ft If, however,
only the difference 1n the actual speed and
the superelevation speed, which amounts
to 13 M P H , 18 mtroduced into the spiral
formula, Ly=1 ft Thus, 1t 1s evident
that 1f the actual unbalanced force 1s
used, an entirely madequate spiral 1s
indicated, while,,on the other hand if the
full force 1s used (balanced plus unbal-
anced) there 1s sertous question if con-
sistent riding qualities will be produced
with different friction values and differ-
ent rates of superelevation

A method suggested by Elmer R
Haile, Jr ,* which utilizes the rate of ro-
tation as a measure of spiral length may
yield more consistent results This
method requires the substitution of two
values to be derived from tests

In view of the uncertainties outlined
1t appears desirable that experimental
spirals be constructed, embodying the
different conditions encountered in prac-
tice, and that they be subjected to scien-
tifically controlled tests to the end that

8 Proceedings, Ametican Society of Civil En-
gineers, December 1936, p 1650

from the formula E4+F=
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a real and satisfying criterion of spiral
length may be set up It 1s also impor-
tant that i1t be determined 1f very long
spirals are detrimental, or are desirable

To the mathematically inclined, there
18 opportunity for service in the mven-
tion of a mathematically simple spiral
for special use on elevated viaducts and
in tunnel construction, mn order that con-
centric curves and radial lines may be
accurately determined for the purpose
of shop fabrication of steel

In the past, the mmmum distance
between reversed curves has been estab-
lished more or less arbitrarily, but with
advancing speeds 1t becomes necessary
to replace past methods, based on judg-
ment alone, with definitely known facts
founded on scientifically conducted tests
The mimmimum distance between reversed
curves depends on the reaction time re-
quired for the operator to emerge prop-
erly from one curve and become pre-
pared to enter the following one The re-
action time 1n seconds multiphed by the
vehicle velocity 1n feet per second at the
design speed will give the mimmum dis-
tance 1 feet between the curves It 1s
quite possible that the friction assumed
as permussible 1n the superelevation of
particular curves will have an important
bearing on the reaction time and that
the use of spirals will still further affect
the time, due to the fact that steering
(or shppage) angles are released gradu-
ally on passing out of the first curve and
developed gradually on entering the
reversal

Since the basic facts concerning the
reaction time required between reversed
curves for the various design assump-
tions of friction and spiral length are
unknown, 1t would seem fundamental
that authoritative data be accumulated
based on tests in order that this detail
of design may pass from the field of un-
certamnty mto the realm of definite
knowledge

The lengths of vertical curves affect
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wvisibility and sight distance This has
generally been recognized and taken into
consideration 1 design 1 relation to
sight distance during daylight, but little
thought has been given to the problem as
related to sight distance with headlamps
during the hours of darkness Indeed, at
the present time, 1t 18 not possible to set
up the mmimum length of a vertical
curve for a given algebraic change in
grade which will assure full visibihity
with headlamps while at the same time
not result 1n a curve of a greater length
than actually required to fulfill practical
requirements A mathematical solution
may quite readily be developed, pro-
vided certain facts relating to lamp char-
acteristics are known, as for example,
the height of the lamp above the road,
the vertical angle of the upper rays of
the beam and the length of visibihity on
a level road, but the value of a mathe-
matical approach 1s questioned because
of the extreme length of curves that are
indicated

Until recently, the length of visibility
with a headlamp was unknown but for-
tunately certain facts have been made
avallable by W C Giessler * as a result
of a series of tests conducted by the Ilh-
nois Division of Highways The stnking
fact was disclosed that 1t 18 possible with
properly adjusted headlamps, m good
condition, to see a white object at a dis-
tance as great as 715 ft from the car

The vertical curve problem 1s divided
mto two parts (1) At sags, and, (2) at
summits If 1t 18 desired to utilize verti-
cal curves which will not restrict head-
lamp visibility for a distance of 715 ft,
assuming the height of the lamp to be 3
ft , the upper aiming to conform to legal
requirements (Pennsylvana, 2° 40') and

/

4+ “The Relationship of Headlamps to Road
Speeds’—by W C Giessler, Mechamcal En-
gneer, Illmois Division of Highways (Febru-
ary 1937)

“What 1s the Night Accident Problem Like”—
by W C Giessler (May 1937)
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the algebraic difference in the highway
profile to be 8 per cent, then a mathe-
matical solution mndicates that at a sag
a vertical curve 560 ft long 1s necessary,
while at a summit a vertical curve 6800
ft long 18 required The length of the
latter curve 1s so great that serious doubt
exists as to whether curves of such length
are really required to assure full head-
lamp visibility A further analysis of
both cases may indicate the general fea-
tures of the problem

L
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used mstead Mr Gaessler found that
maximum visibility was obtained with
the top of the “hot spot” located 2 1n
above the horizontal axis of the lamp
at a distance of 25 ft , which represents
a vertical angle of 0° 23’ The result 1s
that a longer vertical curve than indi-
cated above 1s required to maintain the
sight distance available with headlamps,
the calculated length being 2640 ft
Figure 2 shows the conditions at a
summit It 1s to be noted that the round-

[SURTAC( OF PAVEMENT
Yy VERTICAL ANGLE
—
@

CAOLAMP BLAM

Figure 1 Condition at Sags

L

HCADLAMP BEAM

AREA OF DARKNESS

| e \_SURFACE OF PAVEMENT

Figure 2 Condition at Summits

Figure 1 shows the conditions at a sag
The mathematical solution mentioned as-
sumes that the light 1s projected forward
with equal intensity and that the top
rays will reveal objects at as great a dis-
tance as the center or “hot spot” rays
This does not conform to common obser-
vation, as 1t 1s known that the edges of
the light rays become shadowy and that
objects are not defined so clearly in the
outer areas as those within the center
of the ntense rays at a corresponding
distance from the car Thus, 1t can
readily be seen that the vertical angle of
the extreme upper rays should not be
utihized, but that the vertical angle of
the intense or “hot spot” rays should be

9

Ing curve intercepts the light rays and
that the down curving pavement beyond
the tangent point 1s in darkness In other
words, there 15 a shiver of darkness below
the bottom of light rays and the top of
the pavement beyond the tangent point
In the example given above 1t was as-
sumed that the tangent point should be
at the distance of maximum headlamp
visibility from the car, namely 715 ft
With a curve of this length, the rate of
change or “rounding” of the curve 18 quite
slight and thus the shiver of darkness be-
yond the tangent pomt 18 very thin, n
fact at a distance of 100 ft beyond the
tangent pomnt the depth of the darkness
1s only three quarters of an in¢ch In view
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of the fact that the “hot spot” must be
ammed above the horizontal for maximum
visibility, and that the lower fringes of
the light are of lower efficiency, 1t 1s quite
possible that the lower fringes of the light
will be shadowy on level pavement at
the maximum distance and thus the
thin shiver of darkness for a curve of
such great length may cease to govern
visibility requirements after the vertical
curve 18 1ncreased beyond a certain mag-
nitude This suggests that shorter verti-
cal curves than indicated by a mathe-
matical solution may possibly be used at
summits without adversely affecting sight
distance with headlamps

In view of the almost complete lack
of definite knowledge on the subject, 1t
appears only reasonable to assume that
design standards must await the results
of tests and 1t 1s to be hoped that such an
mvestigation may be mstituted 1n the
near future

An mmportant detail which 1s yet 1n the
development stage 1s the design of en-
trance and exit ramps to and from high
speed highways, particularly in urban
regions where space 1s restricted It 1s
mmportant that these facilities function
efficiently, while at the same time, assur-
g the maximum safety not only to the
entermg or leaving vehicle but particu-
larly to the vehicles on the high speed
highway where an accident 1s of a more
serious nature because of the speed in-
volved The fundamental principle of
acceleration and deceleration lanes 1s
bemng adopted 1n modern designs, but
their length for particular situations and
design speeds and the details of design
are 1n the experimental stage It 1s to
be hoped that studies will be instituted
for the purpose of establishing basic
principles and to indicate defimtely bad
or undesirable design Such principles
cannot be established from opinion, but
must be founded on facts deduced from
accident analyses, congestion studies and
habits of drivers obtained by investigat-
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g the various types of design in actual
use today. In this connection, 1t would
be helpful in determining natural travel
paths 1f the natural radius which an
operator utilizes of his own volition when
making a turnout for passing on the open
highway 1s established; and the rate of
deceleration of passenger cars and trucks
n gear with the throttle closed utihzing
the compression 1n the engine as a brak-
mg force It must be realized that a
traffic stream 1s simlar to a flowing
liqmd, and abruptly introducing new
streams of flow causes turbulence. An
entrance or exit ramp causes such turbu-
lence unless 1t 1s designed correctly An
entrance ramp, for instance, suddenly re-
duces the number of main travel lanes
each time a vehicle enters unless the ve-
hicle 1s given an extra lane of 1ts own
for such a distance that 1t can accelerate
to the travel speed of the other cars
and mesh into traffic without turbulence
In other words, the efficiency of the main
highway 1s seriously impaired unless
proper exits and entrances are provided,
and thus i1t can be seen that improper
design of these facihities adversely affect
the functionmng of the entire highway,
and, therefore, they are of vital impor-
tance m maintaining balanced operation
of the complete system as well as affect-
ing the safety of the motorist

The element of time 1s the new factor
which has become 1ncreasingly important
due to the advancing speed of the modern
motor car Therefore, designers must be-
gin to think 1n terms of highway elements
being arranged or placed so many sec-
onds away from the driver That 1s to
say, if the time required for the driver
to react to a given condition 1s known,
then the required distance 1n feet for lo-
cating a design feature 1s obtained by
multiplying the reaction time m see-
onds by the design speed in feet per
second The difficulty at the moment,
however, 18 that very little data are
available m print on the reaction time
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required for many motoring situations,
for although machines for measuring re-
action time for various situations have
been developed, 1t must be recognized
that the subject operating such a ma-
chine 1s keyed up and alert, thus being
able to perform a given function n a
shorter period of time than 1s usual under
actual operating conditions In other
words, the motorist under actual driving
conditions 18 seldom ready to go into n-
stantaneous action when an emergency
arises and therefore requires a longer
time to react than when being tested by
a time measuring machine This suggests
that vital information 1s still required
before engineers can confidently design
to conform to the operating characters-
tics of motorists The striking similarity
of many sertous accidents 1s the lightning
like rapidity with which they ocecur
Many participants are unable afterwards
to give a clear picture of the events which
led up to the accident and often have not
the faintest 1dea of what really happened
This 1s because the action took place 1n a
split second and was completed before
the driver’s mental machmery could
grasp what was happening This 1mposes
on the highway designer the task of
lengthening out the perspective ahead of
the driver and of arranging the highway
elements so that time and space are
provided mn such a manner that 1t 1s
possible for the motorist to correct an
error 1n judgment or to recover from a
minor mishap 1 time to avert catas-
trophe A statement of a few of the more
simple and obvious cases in which the
time element affects design may be il-
luminating

A not mmfrequent accident condition 18
the case where a passing vehicle cuts
m ahead too quickly and contacts the
front of the vehicle being passed suffi-
ciently to cause momentary loss of steer-
ing, and 1if the pavement 1s flanked by a
narrow 5 foot shoulder with ditches, trees,
poles, headwalls, etc, at the shoulder
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edge, the drivet must be able to recover
control within approximately 4 of a
second (Speed 40 M P. H) 1 order to
avert a major accident In this case the
shoulder may be said to be 4 of a second
wide At the present moment 1t 15 not
known what reaction time 1s required
for a driver to recover control of steering
under such circumstances or the time con-
sumed by a car out of control 1n taavers-
ing lateral space

The design, size of lettermg and posi-
tion of a direction sign depend on time

Frequently a motorist passes a direc-
tion sign before being able to read 1t, or
if the letters of the sign are of sufficient
size to be read 1t may be placed 1m-
properly 1n such a position that the mo-
torist has passed the turnout before he
has had time to react to make the turn
For example, 1f the speed 1s assumed as
60 M P H and the reading and under-
standing time 3 sec, the letters of the
sign must be of such a size that they can
be easily read at a distance of 264 ft In
this case the sign may be said to be 3
sec from the motorist The sign also
should be set sufficiently in advance of
the turnout for the motorist to make up
his mind 1f he wishes to make the turn,
for brake reaction time and for decelerat-
mng at a moderate rate to the speed re-
quired for the turn If those functions re-
quire 5 sec (440 ft at 60 M P H) the
turnout may be said to be 5 sec from
the sign The fact that many direction
signs have letters of improper design and
size to be read and understood at as mod-
erate a speed as 40 M P H, and that
they are placed an improper distance m
advance of the turnout 1s an indication
that the factors are either unknown or
that they have not been widely dis-
seminated

Hazards such as wells separating turn-
out ramps from the main roadway should
be properly located and the motorist pro-
tected from them by allowing adequate
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waining of then existence and then an
allowance of sufficient time after the
warning to enable the motorist time to
avold crashing into them This protec-
tion and waining may take the form of
an 1sland extending out 1 front of the
wall for some distance, the end of the wall
illumined with an indirect outdoor “bill-
board” type of light, the end of the 1s-
land to be low so that 1t 1n turn may not
be a hazard and with no form of fixed
obstruction located mn the 1sland such as
light standards, reflectors and signs The
length of the 1sland from the wall to the
tip should be such that a motorist who
straddles the island will have time either
to come to a stop or swerve off before
striking the wall If the island 18 low
enough to permit swerving, the time re-
quired will be the sum of two reaction
times, first a period to come to the reali-
zation that danger 1s ahead and that
there 1s necessity for action, and second,
a period sufficient to swerve out of dan-
ger If 3 sec are required (176 ft at
40 M P H) then the tip, or nose, of the
1sland may be said to be 3 sec from the
wall In the case where the sides of the
1sland are designed with curbs of such
height that 1t 1s not possible for a ve-
hicle straddling the 1sland to swerve off,
the time required will be the sum of the
reaction time for the motorist to come
to the realization of the danger and of the
necessity for action, the reaction time for
brake application and the time required
to bring the car to a stop before reaching
the well If 7 sec are required (approxi-
mately 275 ft at 40 M P H), the tip of
the island may be said to be 7 se¢c from
the wall

The reaction times required for these
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conditions arc unknown and 1n addition
they may be different fiom simlar re-
action times occurring under favorable
weather conditions, for the hazards 1m-
posed by walls and other obstructions
opetate during periods of darkness, fog,
ran, slect and snow when visibility 1s
poor

It may be thought that many questions
raised 1n this paper are only a matter of
detail and are consequently subordinate
to other features of highway design, but
1t must be realized that other elements
of the highway, particularly those fea-
tures 1involving strength of construction,
have been receiving considerable atten-
tion over a period of years, while knowl-
edge of the questions treated heremn 1s
quite vague and unsettled, yet such prob-
lems have a vital effect on motor safety
Consequently the motorist will be ap-
preciative of their solution since he 1s
quick to sense any advancement in high-
way design which improves vehicle op-
eration and safety

It 18 well to note that 1t has been stated
in structural cncles that close attention
to details 18 the secret of success 1n struc-
tural design This thought 1s even more
true m highway design, but the fact has
only recently been recognized, particu-
larly 1n relation to safety of operation
Perfected highway design awarts defi-
nite and precise data concerning these
details, and 1t 1s earnestly hoped that re-
search will be undertaken to clear away
the uncertanties 1n order that the engi-
neer may proceed with certamnty to de-
sign safe and efficient highways The re-
sults will be measured 1n hives saved and
1n a tremendous reduction of the eco-
nomic loss due to accidents
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Mz Burton MarsH American Auto-
mobile Association. Mr Noble’s papel
deals with a feature of highway design
which 1s bound to get a great deal of at-
tention—the matter of the divided high-
way It was pomnted out that much needs
to be done about the design of the center
strip, 1ts curb, planting, ete These de-
sign features do need careful study

I had occasion about five years ago, 1n
connection with a paper on traffic fea-
tures of highway design, to interrogate
highway engineers concerning their atti-
tude toward divided highways, which I
favored I found relatively little support
for this design Recently in preparation
for another paper on a somewhat simi-
lar subject, & sumilar mnquiry was sent
to the state highways departments Re-
sponses 1ndicated an almost unamimous
favor for this type of improvement In
fact, there was only one negative re-
sponse among the 42 replies received In
hight of this attitude of approval and
despite the fact that at present there aie
now but 1,200 miles of non-urban divided
highway 1n the country, 1t would seem
that here 1s a type of improvement for
highways four lanes in width or wider,
which will be increasingly utilized

It 1s, therefore, particularly appropri-
ate that such 1mportant questions which
relate to highway use should be given
attention by progressive engineers De-
mand for divided highways 1s certainly
mcreasing and efficient designs should
be developed Highway users will profit

greatly 1f active discussion and research
precede extensive construction involving
this feature.

Dr A R Lausr, Iowa State College
Mr Noble mentioned reaction time Per-
haps we are wrong n allowing for an
average of one-quarter, one-half or even
three-quarters of a second I believe we
should think of such matters in terms of
the maximum time that anyone 1s likely
to take, then add still more as a margin
of safety In designing a bridge we al-
low for the maximum load that will pass
over the bridge, and a wide margin of
safety 1n addition

I feel this 1s an important point 1n the
matter of sight distance We should con-
sider only the maximum time any indi-
vidual 18 likely to take in perhaps but 1
out of 20 instances It 1s the exceptional
individual at the inopportune time which
causes all the trouble.

To attempt to build shoulders wide
enough to protect the slow-reacting
driver, when he finds himself headed for
a ditch, would be utterly impossible
You would need shoulders wider than the
mam road as some drivers may even
“freeze” under conditions of fright and
take 1, 2 or even 3 or more sec to re-
gain control of themselves This 18 ex-
ceptional Perhaps one sec basic time
would be sufficient in most cases This
might be doubled to include an adequate
safety factor





