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Foreword

The Highway Research Board at its Annual Meeting in
January 1961 celebrated the 40th anniversary of its organi-
zation in its opening General Session on January 10 and at
a Dinner Meeting on the evening of January 11. The Execu-
tive Committee of the Board authorized the publication in
this present Anniversary Volume of addresses from these
two sessions.

In addition to the addresses published herein, Dr. Detlev
W. Bronk, President of the National Academy of Sciences,
spoke informally to the General Session of January 10 of the
ever-expanding frontiers of science; of the understanding of
Nature that man has thereby acquired; of the contributions to
the welfare of mankind made possible by science and its ap-
plications by engineersand industrialists. The control man
has over his environment in choosing desirable humidity,
temperature, and light, and man's lengthened span of life
resulting from progress in the biological sciences, were also
noted in President Bronk's remarks. Bearing more closely
on the interests of the Highway Research Board, man's
progress in his speed of travel has advanced from the speed
at which he could run to speeds greater than the velocity of
sound. Dr. Bronk closed his remarks with the prayer that
man be given wisdom to deal with knowledge; the wisdom
and will to aid those who are not as blessed with an under-
standing of the value of knowledge and who do not enjoy the
more desirable way of life that is provided by such under-
standing.

The Highway Research Board as it passes its 40th birth-
day hopes it mayin the future have in still greater measure
than in the pastthe will and the ability to contribute to a de-
sirable way of life through better understanding of highways
and highway transportation.

W.A. Bugge, Chairman
Highway Research Board



We must make of the Board a forum where voluntarily
the men and women in research can come together to
compare notes on progress with others in the same
profession.

— Thomas H. MacDonald

Research as an end in itself may be desirable, but
without correlation and widespread dissemination, it
may also be of little account. Even the lessons taught
by experience will not spread without assistance. It is
the need for correlation, stimulation, authoritative
group study, and dissemination of knowledge that
makes necessary some such agency as the Highway
Research Board.

—Roy W. Crum
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Academy-Council Greeting to the

Highway Research Board

DR. AUGUSTUS B. KINZEL, Chairman, Division of Engineering and Industrial
Research, National Academy of Sciences—National Research Council

It isboth apleasure and an honor to rep-
resent the Academy-Council inbringing you
official words of welcome and greeting.

A 40th anniversary is really a momen-
tous occasion, as it marks the arrivalata
vantage point from which one can look both
forward and backward.

Looking backward for 2 moment to the
Euclidean geometry and Al-Jebr algebra of
our early school days, we recall the axiom
and algebraic summation that the whole is
equal to the sum of its parts. Today, we
realize thatthis is no longer the complete
truth. Onalmost every hand we hear it said
that the whole is greater than the sum of its
parts, andthis iscertainly true in many of
the complex organizations of the general
society inwhich we live. Unfortunately, in
this complexity, we too seldom hear the
statement that the parts are sometimes
greater than the whole. Yet, right herein
the Academy-Council we have situations of
which this might be said with some justifi-
cation. The Highway Research Board is
certainly one of those parts that can and
does stand on its own feet. It is large and
powerful by virtue of its past contributions.

-Looking ahead, then, to the future; do

you stand still or go forward? If thepast is
any indication, you will, of course, con-
tinue down the highway of progress!'

As you go, you will be called upon to
serve inthe solving of many new and varied
problems. Some of them can be stated to-
day. Many of themare notevenon the hor-
izon. Nearly all of them will be complex.
For example, you may even be asked to
build a highwaybetween what maybecome a
new Department for Urban Affairsand a new
division in the Department of the Interior.
Special transportation will certainly be
needed if thisnew urban department comes
into being.

You are going to have all types of prob-
lems that cannot be solved by pouring con-
crete on the streets. However, you have
all sorts of people with capacity, and, as
you have realized, they are the important
parts of your whole. Judging by the past,
therefore, I am sure that you will handle
future problems effectively and expedi-
tiously. Your future is great. -

Welcome!

Greetings!

And congratulations!



A Look Ahead in Highway Transportation

LAWRENCE R. HAFSTAD, Vice President in Charge, General Motors

Research Laboratories

Compared to my colleagues in Detroit,
I am arelative newcomer to the automotive
industry. For this reason I cannot in any
sense be regarded as speaking for the in-
dustry in these remarks. I am still less of
an authority inthe field of traffic and high-
way engineering. Recognizing the experi-
ence represented in this audience, it would
be presumptuous of me to try to tell you
things about your business which you don't
already know. My function must be to tell
you things about my business of research
which in my opinion might possibly be of
interestor value toyou. In short, in order
thatI may speak frankly and freely it should
be understood that in your field I speak not
as an authority, but as what I would like to
be considered—a reasonably competent and
sophisticated amateur.

We are all concerned about the future.
Here my crystal ball is no better than that
of anyone else. However, research scien-
tists do work closer to the frontiers of
knowledge than most people, and in recent
years have shown a pretty good record of
assessing what is and what is not achiev-
able. In this area perhaps I might be able
to give some comments on possible devel-
opments in the fields of propulsion, guid-
ance, safety and handling, and payload de-
liveryof the particular vehicle in which you
gentlemen are interested—namely, the au-
tomobile. Let ustake a look, therefore, at
some of what appear to be current trends
and see what kind of extrapolation can be
made.

AUTOMOTIVE POWER PLANT
POSSIBILITIES

The propulsion field continues to be in-
teresting, as requirements and economic
conditions change and variouspower plants
are proposed or re-evaluated for possible
applications in the automotive field. With
all the competition, I am continually a-
mazed at the versatility and adaptability of
the conventional Otto cycle gasengine. The

exciting thing is that there seems to be no
dearth of challengers, but the champion is
never quite displaced. Figure 1 shows the
ranking of current competition, and a few
remarks on each may be in order.

The gas turbine (Fig. 2) has had much
publicity in recent years, and there has
been an almost tacit assumption that its use
in the conventional car wasonly a matter of
time. This comes from the unjustifiable
assumption that because the turbine dis-
placed the conventional Otto cycle gas en-
gine in airplanes, itwould inevitablydo the
same in automobiles. One needonlybe re-
minded that an airplane engine is almost al-
ways operated at designed speed, whereas
a car engine is almost never operated at
designed speed, to show how different the
duty cycles in the two cases really are.
Note also the high fuel consumption for the
non-regenerative turbine, and think, too,
of the hot Bunsenflame emerging from the
exhaust. Low specific weight alone cannot
possibly compensate for these handicaps.

The regenerative gas turbine (Fig. 3)
improves fuel economy and eliminates the
hot exhaust blast. In doing so it has lost
its specific weight advantage, and it has al-
so lost its claim to simplicity and concom-
itant low cost. Even if it is assumed that
these negatives canbe ultimately overcome
by ingeniousdesignand volume production,
there is an important hurdle that remains.
Turbine wheels operate in the region of
25, 000 to 30,000 rpm. The spin-up times
from idle to full power runin the neighbor-
hood of 5 to 6 seconds. That is, when one
steps on the accelerator nothing happens,
then 5 or 6 seconds later the power comes
onwitha rush. Obviously, thiswould make
crossing at a busy intersection a really
sporting proposition! Such problems can
also be overcome, but any valid claim for
simplicity and low costwill long since have
evaporated.

The diesel engine (Fig. 4) is so well
known that no comment is necessary other



than the reminder that its good fuel economy
is offset by high weight, cost and size.

The free-piston engine (Fig. 5)has been
highly developed in recent years and can
now be considered a successful, efficient
and dependable power plant. It is really a
competitor to the diesel engine, however,
with the advantage of burning lower grade
fuels. Its high specific weight and high
noise (compression ratios of 30 to 40 to 1)
eliminate it as a serious competitor to the
conventional automobile gasoline engine.

In spite of occasional references to the
contraryby non-technical writers, the old-
fashioned piston steam engine has long since
been eliminatedas a contender. Its inher-
ent low efficiency and the requirement ei-
ther for an enormous water tankor an enor-
mous condenser keep it out of the running. A
modern steam turbine mightbe considered
because it is so much better thanitspiston
counterpart. Its weight would appear to be
only slightly higher than the diesel or free-
piston engines, but again itslow efficiency
drops it into the class of the non-regenera-
tive gas turbine on fuel economy.

SPECIFIC  FUEL
WEIGHT CONS
#/HP  #/HPHR

NON-REGENERATIVE GAS

TURBINE 1 1.00
GASOLINE ENGINE ' 2 .45
REGENERATIVE GAS TURBINE 2 .55
DIESEL 6 .40
FREE PISTON 7 .60
STEAM TURBINE 8 1.00
STIRLING ENGINE 8 45
DIESEL-ELECTRIC+ ELECTRIC MOTORS 18 45
FUEL CELL-ELECTRIC MOTORS 60 .10

Figure 1. Comparison of vehicle propul-

sion systems.

In the same class, weightwise, would be
the old-fashioned hot air or hotgas Stirling
engine. Thisis anexternal combustion en-

Figure 2.

Non-regenerative gas turbine.



Figure 3.

gine with an inherent theoretically high ef-
ficiency—even though early versions of this
engine had very low efficiencies indeed.
This engine (Fig. 6) has recently been
brought to a high state of development by
work of the Philips Company at Eindhoven,
Holland, and the General Motors Research
Laboratories (1). Because the Stirling en-
gine, like the steam engine, is essentially
a low-temperature device, alow-tempera-
ture heat sink is a major advantage. For
this reason stationary or marine applica-
tion would seem to be the natural fields for
this engine.

Electric cars are being continually pro-
posed or even announced. In their current
versions they are too limited in range and
performance by inadequate batteries to be
serious competitors to the gasoline auto-

Regenerative gas turbine.

mobile. Various combinationpower plants,
such as the diesel-electric can be devised,
but these tend tobecome more complex and
still heavier, as the specific weight chart
(Fig. 1) shows.

The only reallypromising "dark horse"
in the picture at the present time seems to
be the fuel cellas a sourceof power for an
all-electric car. A typical application is
shown in Figure 7. This device is essen-
tially a large-capacity primary battery.
Being entirely chemical in operation, it a-
voids completely the Carnot cycle limita-
tions on efficiency (2). Thus, efficiencies
of 80 or 90 percent are entirely conceiv-
able. Thisaccounts for the low value given
for specific fuel consumption. However, as
the weight figure shows, the present ver-
sions are much too bulky and heavy, and at




Figure L. Engine size comparison of diesel (left) and regenerative turbine (right).

SCAVENGING AIR INTAKE VALVES SCAVENGING
AIR AIR
COMPRESSOR INTAKE  EXHAUST COMPRESSOR
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Figure 5. Schematic of free-piston engine.



Stirling engine.

Figure 6.

the moment also too expensive, for auto-
mobile use. The fuel cell has another po-
tential advantage, however, which may
prove decisive in certain situations. In
some of its many versionsthe only gaseous
end products of the chemical reactions are
water or carbon dioxide. The significance
lies in the fact that neither of these would
be considered to be an atmospheric pollu-
tant.

In summary, then, no significant change
is foreseen in power plants in conventional
carsin the next decade or two. The one big

unknown is the smog situation. If and when
a compacthigh-efficiency fuel cell isdevel-
oped, its potentially smog-free character-
istic may enable it to overcome whatwould
otherwise be an insurmountable costdisad-
vantage.

THE GUIDANCE PROBLEM

Letus turn now to the guidance problem.
Here again the field is exciting, for there
are even more variationsthan in the power
plant area. With the rapid advances in the
servo-mechanism field, there is nolimit to
the sophistication which can be introduced
into the ride and control field. It would be
entirely possible, for example, toput a gy-
ro-controlled stable platform in the car
body and thus make its motions independent
of the motion of the wheels to any degree
that might be desired. On the practical
level, however, it must be concluded that
manual car controldevices have evolved to
the point of diminishing returns so far as
improvements are concerned. I am re-
minded of the story of the highly skilled
aerodynamicistwho thought surely he could
make a greatimprovementinthe lumbering
Dutch windmills. After much calculation
he was forced to conclude that by ""cut and
try" over the centuries the Dutch had really
arrived at a theoretically correct aerody-
namic design. The same might be said of
manual car controls. Automatic controls
will be discussed later.

It might be permitted to interject here
some comments on the ground effect vehicle
or "air car" (Fig. 8), which has had con-
siderable publicity lately. With modern
road materials and modern tires it is the
very high "cornering' force available in
the conventional car which makes it such
a precision transportation instrument.
Think of the innumerable times each of us,
in complete confidence, passes within 3 or
4 feet of suddendeath going in the opposite
direction. Thisispossible only because of
the high control forces available. In the
air car such control forces are essentially
zero. Withoutadequate controlforces such
air carscannotbecome an essential part of
a complex transportation system and must
be lookedupon as special purpose devices.

Another facet of the guidance problem is
the area of driver aids, in which modern
technology has much to contribute. Prog-
ress seems unduly slow, however, mainly
because thisis a development area which



Figure 7.

fallsbetween opposing viewpoints. The car
manufacturer sees little point in develop-
ing gadgets that have no value to the driver
unless complementary road and roadside
gear is provided. In contrast, the highway

Allis-Chalmers fuel cell tractor.

engineer sees nopoint inproviding his part
of the gear until a significant number of
carsis suitably equipped with the necessary
special components. Communication be-
tween the roadside and the driver is still

Figure 8.

A ground effect vehicle, or "air car," under test operation.



Figure 9.

inadequate. This area should be empha-
sized for urgent attention, butis beyond the
scope of the present discussion.

PROBLEMS OF SAFETY
AND PAYLOAD

The areas of safety and payload are
where the real problems lie and where
much research and development needs to be
done. Onme can safely predict a significant
upward trend for research in the highway
field for the good and sufficient reason that
only now isthis field beginning to learn how
large payoffs in research really can be.
Research has paid spectacular dividends in
many other fields. Why should it not pay off
in this one? As I read it, HRB Special Re-
port 55, on'"Highway Research in the United
States (3), claims $17.8 million for re-
searchin 1958. The text, however, clearly
disclaims much of this as really being re-
search at all. Iam inclined to agree, for
most of the projects seem tobe what would
be called product improvement. And al-
though productimprovement is valuable, it

Separation of pedestrian and vehicular traffic
display of 1939.

in General Motors Futurama

is really not research, which has been de-
fined as follows:

"Research is not constructing and ma-
nipulation; it is not observing and ac-
cumulating data; it is not investigating
and experimenting; it is not getting the
facts—although each of these activities
may play an indispensable part in it.
Research is the effort of the mind to
comprehend relationships which no one
has previously known."

Under this definition, few, if any, of the
line items inthe tables given in Special Re-
port 55 qualifyas realresearch. Somehow
inthis $ 10 billion industry a means must be
found to divert a small percentage of the
funds to researchof the kind which will give
an accepted scientific base from which
these problems can be attacked.

Nonetheless, we all know that many
earnest efforts are being made to find solu-
tions and much excellent work has been
done. Iam impressedby reports of the work
of Miller McClintock and his associates (4)



in the 1920's and early 1930's. Many of
his analyses and conclusions are valid
even to this day. The nature of our
current troubles has been clearly brought
out in the recent Woods Hole Conference
on Transportation Research. One sentence
from the report (Q) onthis conference sum-
marizes the situation, as follows: "...the
study of transportation is conducted hap-
hazardly, on a relatively small scale, and
rarely in terms of over-all problems of
mobility. "

It is this over-all approach which has
been lacking in the work to date. Work on
components, workon bits and pieces of the
over-all problem, however diligent and
dedicated, will be largely wasted if the bits
and pieces fail to fit into a logical whole.
To formulate this logical whole it is neces-
sary to develop what I would like to call a
philosophy for transportation, with an a-
greed theoretical basis. Thishasbeen de-
veloped in recent decades for the commu-
nications industry; why should not some-
thing similar be done for the transportation
industry ?

9

From my own reading I had independent-
ly concluded thata greater use of the over-
all or systems approach to traffic and
transportation problems is urgently needed.
It is gratifying, therefore, to find that in
the much more carefully considered and
authoritative report previously cited the
same conclusion is reached. There just
must be pay dirt here, and it would appear
that an effective way to go after it would be
to establish operations research activities
in Federal and all State highway offices for
the express purpose of interacting with in-
dependent university investigators doing
similar work in the academic traffic study
centers now becoming popular.

An agreed theoretical foundationfor
transportation and mobility problems
should go a long way to reducing the emo-
tional content of muchof the current writing
on this subject. This in itself would be no
small pay-off for those of us waging a losing
war with the piles of paper on our desks.
Let me try togive some examples from my
own experience.

We in Detroit are continually being ap-

Figure 10.

Leonardo da Vinci sketch of ideal city with two-level highways.
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proached by mventors and promoters of
transportationdevices and systems. Rare-
ly are these accompaniedby studies or ap-
praisals of the traffic conditions they are
intended to serve. Monorailsare the current
fad, with highvehicular speeds as the prin-
cipal advantage claimed. The monorail
seems tobe a bona-fide example of a solu-
tion in search of a problem!

Monorails no doubt will find their proper
place in our complex and enormous trans-
portation system. How isthis proper place
determined ? Firstit should be possible to
analyze the basic nature of the over-all
problems for which solutions are sought.
The various kinds of boundary conditions
which may be involved must be determined
and specified carefully. It is here that the
operations research approach should pay
dividends. We must be prepared to deal
with the over-all mobility and transporta-
tion problem in urban, suburban, and in-
terurban cases. It 1s axiomatic and ele-
mentary that it will be necessary to deal
with high-population-density and low-popu-
lation-density areas, and transportation
betweenthem. Itshould be possible to set
up the quite different technical and econom-
ic criteriafor practical transportation sys-
tems for each of the three transitions be-
tween population density areas--high-high,
high-low, and low-low. This should be
simple and elementary, but is ignored in
much contemporary writing. In one pre-
sumably serious book I read recently for
background for this talk, the embarrassing
economics and complexities of the foregoing
problem were neatly solved by arguments to
the effect that people really ought not to want
to live in low-population-density areas'

Figure 11. 'Typical layouts of a suburban development module.

With a systemsapproach in mind, let us
look successively at the areas with which
highway-oriented people are normally con-
cerned—namely, urban, suburban, and in-
terurban traffic and transportation.

Take cities first. An operations re-
search man (or a transportation philoso-
pher) would no doubt sit back and ask him-
self why they are the way they are. Most
things about cities "'just grew' and most of
their new construction or reconstruction
proceeds on the basis of pure inertia.
There are zoning commissions with the
thankless job of adjudicating arguments
between various pressure groups. There
are innumerable study commissions for in-
dividual projects. There are even city
planners. In spite of them all, however,
bigger buildings get built with inadequate
space for transport or parking. Most of
these problems are frankly political, so
the technical man can only stand aside and
assume that when the problems really be-
come bad enough someone in authority will

do something about them.
In the meantime, however, there are

interesting questions to be raised. In a
modern society what are the functions which
are uniquely served by the ""core' of alarge
city? Whatkindsof people are essential to
these functions and where are they likely to

live ? What kinds of facilities are essential
and what degrees and kinds of mobility for

personnel will be required? What deter-
mined the length of the conventional city
block in the firstplace, and why does__this
particular module continue to be used ? What
degree of congestion mustbe tolerated in
our two-dimensional pattern before the
freely available third dimension will actu-
ally begin to be used?



Figure 12.

In urban areas congestion and safety,
especially for pedestrians, seem to be the
paramount problems. Why cannot the ob-
vious solution of separating pedestrian and
vehicular traffic be adopted, thus solving
the pedestrian problem and helping to al-
leviate congestion? This possible solution
was dramatized aslong ago as the General
Motors Futurama of 1939 (Fig. 9). The
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Figure 13.
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passenger conveyors.

suggestion is really much older, having
been made by no less an authority than
Leonardo da Vinci in the 15th century.
Figure 10 shows his concept, which is ex-
plained in his notebooks as follows:

"And know that if anyone wishes to go
through the whole place by the high-level
roads, he will be able to use them for

SECONDARY OBSTACLE DETECTOR COILS
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Block wiring schematic of one electronic vehicle control system.



Figure 1l. Artist's concept of the "Levacar," proposed by Ford Motor Co.

this purpose, and so also if anyone wish-
es to go by the low-level roads.

"The high-level roads are not to be used
by waggonsor vehicles suchas these but
are solely for the convenience of the gen-
tlefolk. All carts and loads for the
service and convenience of the common
people should be confined to the low-
level roads." (5).

AIR FLOW AIR FLOW AIR FLOW
- - -

|

Figure 15. Possible assembly of "Levapads"
around a rail.

In urban areas the problems are more
political and less technical than in either
the suburban or interurban areas. How-
ever, an operations research approach
would indicate the kinds of activities which
would yield the greatest dividends. First,
it would be prudent (as in all complex situ-
ations) to have the ultimate objective pre-
cisely defined and clearly in mind. From
my general reading I find this to be far
from true, and my impressions are con-
firmed by this quotation from the Woods
Hole Conference report:

"Transportation efficiency in one or an-
other aspect is saidtobe "poor' only be-
cause of a belief, too often intuitive, that
it can be improved--not because either
its performance or efficiency can be
measured by any accepted rational
standard." (6).

A technical man finds it most difficult
to attacka problem so vaguely formulated.
What is it that is really sought? What is
par for the course? Whatis the theoretical
upper limit of achievementsunder the par-
ticular set of boundary conditions, and how
close is currentachievement to that limit?
These are the kinds of questions an opera-
tions research or systems approach could



attack and beginto answer. Oversimplify-
ing, there seems to be concern with two
problems—safety and payload. Each of
these isa functionof manyvariables, some
technical, some political. I these two
functions are imagined as plotted against
speed, the engineering compromise which
must be made becomes clear, for payload
increases with speed but safety decreases
with speed.

Because each of the functions contains
many variables, including cost, itbecomes
necessary to explore families of these

13

a price, still more drunk-proof and idiot-
proof and crash-proof. Howwould the price
of doing this compare with the cost of not
licensingdrunksand idiots? This would be
the operations research approach to the
problem.

Of course, I am aware of the arguments
that, with personal cars a necessity for
transportation to and from work, even the
habitual traffic violator cannot be deprived
of his license to drive. Butone cannot help
but wonder why it has not occurred to
someone in authority to license the arrogant

Figure 16. Artist's concept of Westinghouse high-speed transportation proposal.

curves by allocating fixed increments of
cost to eachof the variables and noting the
gain that is made. This approach might
help to bring to an end the present stale-
mate in which lay writers continually call
attention to residual technical problems to
avoid facing major political issues. For
example, cars obviously can be made, at

habitual traffic violator to drive only, say,
a 5- or 10-horsepower Go-Kart. Airplane
pilots have graded licenses; why shouldn't
auto drivers?

With respect to the residual technical
variables previously mentioned, in urban
areas one can foresee much work that will
be done in improving electronic traffic con-
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trol, and an increased use of sensors and
computers todirect traffic and to detect and
bypass bottlenecks. The Dusseldorftraffic
pacer technique, which controls traffic flow
so as to reduce or eliminate stops at red
lights, or some equivalent, should come in-
to much increased use as traffic densities
increase. By andlarge, however, in urban
areas the important parameters in the e-
quation are the political ones, and dramatic
advances—that is, gainsbeyond percentage
improvements due to technical contribu-
tions—seem somewhat unlikely.

Turning to the case of suburban areas,
the problem of safety is still paramount.
As in the case for urban areas, the obvious
maximum payoff would come from the sep-
aration of pedestrianand vehicular traffic.
In contrast to urbanareas with their crys-
tallized vested interests, the opportunities
for moving in thisdirection in new suburban

suburbs to be developed progressively by
the addition of successive self-contained
and essentially self-sufficient ""'modules",
each with its own shopping, recreational
and educational facilities accessible by
foot-paths as well as by car. This would
seem to be an entirely natural modern ex-
tension of the da Vinci suggestion for sep-
aration of vehicular and pedestrian traffic.

The optimum size for such a module has
yet to be determined, and would represent
another opportunity for the systems ap-
proach. Current estimates, however, in-
dicate that a module of the order of a half-
section should be adequate. Figure 11
shows typical layouts of such suburban de-
velopment modules (7). Atrend in thisdi-
rection would have a revolutionary impact
on both the safetyand transportation prob-
lems and the future development of city
planning.

Figure 17.

developments should be numerous. This
problem is neither technically difficult nor
prohibitively expensive, as preliminary
studies by many architectural groups both
in the United States and abroad have al-
ready shown. The approach might be for

Method of loading and unloading vehicles at terminus.

The final case for consideration is that
of interurban traffic. Here, because of the
great distances involved, high speed is a
paramount requirement and with high speed
comes an increased hazard. This hazard
problem will be returned to later. Com-



pared to the urban problem the interurban
problem is relatively more technical and
less political. As mightbe expected under
these conditions, there isa really interest-
ing assortment of new developments.

It is characteristic of traffic composed
of independently controlled units that
as volume increasesthe average speed de-
creases. One might say that present traf-
fic systems have a large negative volume
coefficient. For any significant increase
in speed, therefore, it becomes essential
that some form of controlling a multiplicity
of units be established. In principle this
can be done in a variety of ways—placing
the independent units on a moving belt,
hitching the independent units to a moving
cable, or combining the independent units
into convoys or trains.
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Ideally, one would like to be able to start
from either an urban or a suburban home,
drive unhurriedly to the nearest express-
way entrance and there be placed (car and
all) into positionon a moving belt going at
some really high speed, such as 200 mph.
Onarrival at the proper expressway termi-
nal the processwouldbe reversed, the car
removed from the belt, and the driver left
free to proceed to his destination with his
own car and as much personal baggage as
he chooses to carry. This old idea is ob-
viously impractical; but it is theoretically
correct—and this 1s important-—in that it
meets all the desires of the driver. One
can now proceed to evaluate other pro-
posals by comparing them with this i1deal-
ized solution.

Of course belt systems are actually in
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use for material hauling, but so far only
for short-haul pedestrian traffic. A re-
cent Goodyear proposal is shown in Figure
12 (8). In their present form such belt
systems do not meet the requirement for
interurban traffic where high speed is es-
sential,

The various systems for automatic e-
lectronic control of carsare in effect ver-
s1ons of this moving belt or moving cable
approach. The car to be controlled is
"trapped" in a controlled radiation field,
which is then moved along the road at the
chosen rate of speed. These systems are
definitely technically feasible, as has been
demonstrated by recent work of the Radio
Corporation of America, as well as Gen-
eral Motors. Interest in these systems
stems from the fact that they could con-
ceivably meet the requirements of all the
transitions~—high-high, high-low, and low-
low—as previously discussed. A sche-
matic diagram of one such electronic sys-
tem, controlled by wires buried in the
pavement, is shown in Figure 13. Con-
siderably more experimentation along these
lines can be expected in the next several
decades, and facets of the techniques will
no doubt be adopted sooner as driver aids.
Full-scale adoption of automatic car con-
trol in the immediate future, however,
seems unlikely because of both high cost
and reliability problems.

A radically new approach to the inter-
urban problems which clearly emphasizes
speed is that of the Levacar announced by
Ford. Thisapproachavoidsthe speed lim-
itations of conventional wheels and tires by
dispensing with them entirely, and allow-
ing the car to ride effectively on an air
bearing. An artist's conception is shown
in Figure 14, and a sectionof the air bear-
ing which makes the whole thing possible
is shown 1n Figure 15 (9). This system 1n
1ts present form is clearlydesigned for the
case of the high-high transitiononly. How-
ever, it meets the essential requirement of
really high speed and is realistic in that it
avoids the limitation of wheels and tires,
but does provide positive guidance by means
of rails. An analysis of requirements and
possible contributions for such a system
(named the Autoline) hasbeen reported (10).

A still more recent concept is one by
Westinghouse. Thisoneis particularly in-
teresting in that it is specifically designed
to meet the basic requirement of transport
between areas of dispersed population. It

provides the equivalent of the high-speed
moving belt, but eliminates the belt by put-
ting motors inthe road and moving cars on
sleds. Because it provides for moving the
car as well as the passenger, it meets the
transportation requirements for low- as
well as high-population-density areas.
Artist's conceptions are shown in Figures
16 and 17 (11).

Particular attention is called to Figure
17, which shows the special attention given
to the problem of loading and unloading
cars. This operationhas been taken out of
the control of the driver once he gets his
car parked on the pad.

Even running out of gas or having a flat
tire can'tinterfere with the loading opera-
tion. Similarly, because the motive power
for the entire system rests in conventional
highly perfected ordinary induction motors,
reliability should be maximized.

As in the case of the Levacar, this con-
cept seems to be realistic in that it meets
essential requirements and seems also to
be technically feasible. The big unknown
lies in the economics, and this in turn de-
pends on the traffic load. .

A number of proposals which seem to
meet the speed requirement of the inter-
urban transportation problem have been
discussed. A few comments on the hazard
problem are in order.

First, anagreed "hazard scale" isneed-
ed inthisfieldas muchas thedecibel scale
wasneeded in the communications industry
a few decades ago. It would seem that it
has been adequately demonstrated that in
the safety field more "talk" will continue
to be unproductive unless it can be placed
on a quantitative basis. It is really sur-
prising that at this late date the transpor-
tation industry has not really tried to come
to grips with this problem.

Since coming to Detroit I have had re-
peated occasions to cogitate about this situ-
ation. Why is there public apathy with re-
spect to the seat-belt argument? Why,
where there is strict enforcement, will
drivers slow down to save their licenses,
but not to save their own lives? Whatis
the purpose of and the effectiveness of the
holiday week-end safety campaigns? Do I
dare take my family to northern Michigan
resortson holiday week-ends? ¥ not, why
spend tax money on resorts and roads?

The situationis most confusing. Surely
the average driver also findsit so, but like
a persistent but untutored poker player, a



driver soon develops a sound intuition in
matters of probability. Let's look more
closely from this probability point of view
at one of the questions previously raised—
namely, why will drivers slow down their
driving speed to save their licenses, but
not to save their lives? The explanation
now becomes quite simple. In gambling,
the expectation is equal to the product of
the probability of the occurrence and the
payoff. The driver in the present example
correctly assesses the probability of oc-
currence of a major accident as small, but
with strict enforcement, the probability of
loss of license as high. Thus he acts in
strictaccord withhisassessment of the ex-
pectation—which, of course, may or may
not be correct. If it is incorrect, 1t is we
who owe him more and better and more
usable information.

In the absence of quantitative hazard in-
formation that the average driver, of whom
I consider myself one, probably sizes up
the situation somewhat as follows: Motor
accidents are only one of the kinds of ac-
cidents to which a mortal is exposed, and
accidents are only partof the total hazard.
This 1s clearly shown by the kind of infor-
mation in Figure 18, and 1sknown intuitive-
ly by the average driver. When motor ve-
hicle accidents are reduced to the point
where they are comparable to or smaller
than other competing hazards—buried in the
general noise level, so to speak—one might
expect that they would no longer be of major
concern. Weknow thatthis 1s not the case.

A possible, and evenprobable, explana~
tion is as follows: We are all inclined to
accept some irreducible, low, truly una-
voidable residual accident rate with reason-
ably good grace. Our driving experience,
however (particularly the ''near misses,"
whichwe all experience), convinces us that
in addition to thisunavoidable hazard there
is an additional hazard due to the "crazy"
or "aggressive" driver. Itis thisaddition-
al hazard which is resented.

I this two-term hazard point of view is
accepted, a number of psychological reac~
tionsbecome understandable. First, it ac-
counts for the fact thateachdriver assumes
that traffic officersare hired to protect him
against''the other guy.' Second, in regard
to the public attitude toward optional safety
devices such as seat belts, it 1s found that
they, too, are primarily for protection
against the ''crazy driver,'" who should
not be on the road anyway. Thus, in the
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opinion of the average driver, such
safety devices appear as an added ex-
pense and added inconvenience in lieu of
protection he feels he is already paying
for—and he reacts accordingly.

Qualitatively, a theory of this kind
seems to fit most of the available facts and
it might be worth exploring farther.

In conclusion, I have enjoyed immensely
this frank and free discussion. As men-

tioned in the beginning, Iamnot an authori-
ty on highway transportation. Thus I re-
alize I may have overemphasized the ques-
tions without giving all the answers.

This is myway of protecting status as a
reasonably competent and sophisticated
amateur, and I don't want to lose my ama-
teur standing.

REFERENCES

1. Flynn, G., Jr., Percival, W.H,,and
Heffner, F. E., "GMR Stirling
Thermal Engine~Part of the Stir-
ling Engine Story 1960 Chapter."
SAE Preprint No. 118A (1960).

2. Eisenberg, M., "Electrochemical Fuel
Cell for Transportation." SAE
Preprint No. 212B (1960).

3. "HighwayResearchin the United States,
1959."" HRB Spec. Rep. 55 (1960).

4. McClintock, M., "Report and Recom-
mendations of the Metropolitan
Street Traffic Survey." Chicago
(1926).

5. "The Notebooksof Leonardoda Vinei."
Vol. I, Edward MacCurdy, Reynal
and Hitchcock, New York (1938).

6. "Conference on Transportation Re-
search, August 1960," NAS-NRC
Publ. 840 (1960).

7. Architectural Record (Sept. 1959);
Progressive Architecture (Sept.
1959); Architectural Forum (Nov.
1959),

8. '"Transportation for the Modern City."
Goodyear Tire and Rubber Co. and
Stephens-Adamson Manufacturing
Co.

9. Haynes, A.L., andJay, D.J., "Leva-
cars—Why and How." ASME Pre-
print No, 60-AV-5 (1960).

10. McLean, R.F., and Atwell, A.A.,
"The Autoline—A Missing Link
i City-to-City Transportation.™
Meeting SAE, Jan. 9, 1961,

11. Westinghouse Electric Corp.
release Jan. 10, 1961,

Press



As We Go Forward

PYKE JOHNSON, Chairman, Highway Research Board

You have heard of some of the fascinat-
ing changes which lie ahead as the trained
minds of our country grapple with tomor-
row'sproblems. Itis mypartto talk about
some of the thingswhich arebeing achieved
today in the laboratories, the classrooms
and the field; findings whichare having and
will continue to have a profound effect upon
our ways of living and upon our ways of
making a living.

Forty yearsago, when Thomas H. Mac-
Donald conceived the idea of a Highway Re-
gearch Board, road research was largely a
matter of testing materials. The building
of hichwayswas then a matter of getting our
rural folk outof the mud. Today, as Mac-
Donald foresaw it would, the problem has
become one of getting ourselves "out of the
muddle. "

As we go forward, we can no longer be
concerned solely with physical questions,
important as they are. The safety and e-
conomy of those using the present fleet of
74 million motor vehicles in the United
States obviously depends on the constant
improvement of the driver, the vehicle,
and the road. But, the s1ze of today's trans-
portation problem enforces a need for an
analysis of the human motives which lie
behind the use of the vehicle, as well as the
study of the man or woman at the wheel.

In addition, large issues affecting our
social, cultural, economic and financial
structure are at stake., Enormous invest-
ments in highway transportation resulting
from the popular acceptance of the vehicle,
rest upon its growing use. New markets
lie ahead for industry as continued research
develops new and better products. Our na-
tional defense is deeply involved.

As our population increases, theuseof
land for transportationin the rural and in
the rapidly growing metropolitanareasbe-
comes of greater moment. All of us 1mn
America want comfortable homes, good
schools for our children, a decent place
to worship, good hospitals and recreation-
al areas; in a word, a good society wherein
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we can pursue our several ways with free-
dom as long as we do not transgress upon
the public interest. In this view, trans-
portation is a vital tool to an end.

The expanding pattern of movement
which the gasoline engine has brought with
1t challenges the present form of our cities,
our transportation services, and even the
structure of our local divisions of govern-
ment. A transportation service built upon
the 10-mile daily travel of horse and buggy
days cannot conceivably meet today's needs
when time rather than distance has become
the chief criterionof movement. We must
build and rebuild, shape and reshape our
plans to encompass today's demands.
More, we need to plan as far ahead as we
can see to keep the home and the market-
place of tomorrow up to the standards we
want for our children as well as for our-
selves.

To reach this''new frontier' will require
the kind of pioneering spirit which made
America great in the olden days when we
were still in the process of making our
country what it 1s today, the best place in
all the world in which to live. It will take
all the imagination which sound engineering
planning can give: it will take the energy
of youth, the wisdom of age, the skill of the
scientist, the practical hard-headed know-
ledge of the doer, and the understanding of
the body politic, you and me. At all times,
there will be needed the work of those ded1-
cated men and women who in the public
service, inthe universitiesor in industry,
are devoting themselves to research.

Although it is but a part of the whole,
highway research has already made great
contributions to the present well being of
our citizenry. Aswe goforward, it will do
more—~much more.

A few years ago, the Executive Com-
mittee of the Highway Research Board, rec-
ognizing the need for a systematic approach
to the great issues underlying modern
transportation, named a group of top men
in the field to make a cold appraisal of the



field for broadened research. Indoing so,
they had the full support of their parent
body, the National Academy of Sciences-
National Research Council.

At once this group began a year-long
study. They contacted the men of all of the
disciplines and skills represented in the
National Academy of Sciences.

They interviewed the specialists in the
U.S. Bureauof Public Roads, They talked
with the men of the state, city and county
highway departments. They dug deeply into
the files of the several departments of the
Highway Research Board with its well-bal-~
anced representation frompublic, academ-
ic and industrial disciplines. They called
upon related organizations in the fields of
planning, safety, traffic, the law, and fi-
nance. They looked atindustry, where they
found amazing results were being secured
in electronics; in photogrammetry; in new
data processing and computing systems; in
the development of new vehicles, materi-
als, and techniques; and a thousand other
products and methods.

Out of this national survey came Special
Report 55, popularly called the Holmes Re-
port after the chairman of the committee,
E.H. Holmes, head of the Research Divi-
sion of the Bureau of Public Roads and a
man both of knowledge and imagination.
Out of it came, too, a critical and compre-
hensive forecast of things that need to be
done in the decades ahead.

Nineteen areas were assigned top prior-
ity for highway research at an estimated
added costof $34 millionfor a 5-year pro-
gram. This isonly the beginning of a broad-
ened program, going far beyond physical
research, which will give all of us better
roads at lower costs and at savings many
times its cost inblood and tears as well as
in hard dollars and cents.

Already, although the report has only
just been issued, it has generated a vast
new interest in what highway research can
do for Mr. and Mrs. Average Citizen. It
has stirred those men inbusiness who draw
their sustenance from catering to the public
as manufacturers, distributors, or sup-
pliers of services of one kind or another.
It has attracted the interest and support of
leading men and women in the field of public
opinion, whether they are in the media, 1n
the law-making bodies of the:land, or in
trade or civic bodies.

Over the years, the American Associa-
tion of State Highway Officials has been a
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solid supporter of the work of the Board.
When the great "Operation Road Test" at
Ottawa, Ilinois, was decided upon by the
highway engineers some six yearsago, they
called on the Board to conduct the work in
order to assure complete, detached, scien-
tific objectivity in getting at the facts for
their later use in formulating policy.

Further, AASHOand the Bureauof Pub-
lic Roads have financed the Research Cor-
relation Service of the Board. Inthis oper-
ation trained men constantly circulate a-
mong the highway departments, keeping
them apprised of research developments
everywhere and in return learning from
them what new problems are arising.

At its annual meeting in Detroit in No-
vember 1960, AASHO went further. There
the highway administrators recorded their
support for a continuing revolving fund
amounting to some $2%; million annually
from which new highway research projects
aretobefinanced. Final actionawaits ref-
erendumby the states. But high in the list
of priority will be continuance of the tests
initiated at Ottawa in the form of satellite
studies by each of the states based on the
varying soil, weather and economic condi-
tions which face them. These extensions
will be needed to translate the Test Road
results into usable facts for the individual
states.

As another event of more thanpassing
importance, the National Academy of Scien-
ces last summer held a month-long con-
ference at Woods Hole, Mass., on the sub-
ject of Research in Transportation. This
event, sparkedby Dr. Bronk but under the
immediate chairmanship of Harmer E.
Davis, 1959 Chairman of the Highway Re-
search Board, brought together a selected
group of men from the universities and the
Academy. They listened to representatives
of the various forms of transportation de-
lineate the day'sproblems inrail, highway,
air, water and pipeline movements, as well
as the effect of the pattern of movement up-
on people. In their final report, the group
found thatresearch could be of great value
in all these fields. Of most interest, per-
haps, to the Highway Research Board was
the emphasisplaced on the problem of living
and moving in urban areas.

The whole question of urban transporta-
tion has been under detailed consideration
by the Board and the highway engineers for
some years.

AASHO has just recently established a
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new standing Committee on Urban Trans-
portation Planning and undoubtedly some
cooperative research involving the state
highway departments and the Highway Re-
search Board will be in this important area
where currently too little is known.

The interestof the National Academy of
Sciences in the broader social, political,
financial and economic aspects of the total
problem of urban development should have
a real bearing on the job of getting at the
underlying problems which face us.

It is well tokeep in mind that in the re-
alization and development of the huge pro-
gram outlined in the Holmes Report, the
Board will continue to perform its tradi-
tional task of coordinating and giving broad
direction to the major phasesof the highway
research program.

Among the new research projects just
favorably reported on by an ad hoc com-
mittee of the Board is one for a full inves-
tigation into the problem of de-icing bridge
structures. Littleunderstood as yet by the
driving public, but of deep concern to the
highwaybuilders, is the rapid accumulation
of ice onbridges inall parts of the country.
Divorced from the warm earth, these struc-
tures quickly become pointsof hazard to the
motorist intimesof cold weather. Topro-
tect him, various materialsare used which
melt the ice but which tend to corrode the
bridge.

It will take concentrated effort to correct
this fault, butonce done millions of dollars
will be saved in construction and mainte-
nance costs. Skid resistance on normal
pavements is a related subject.

In a totallydifferentarea, scientistsare
developing electronic machines which will
simulate driving conditions, so that the be-
havior of motorists under unusual traffic
or highway conditions maybe tested. Next
month in Santa Monica, Calif. , a conference
will be held to determine potential research
uses of such a simulator. Traffic simula-
tion goes hand in hand with thiswork. Traf-
fic flow is alreadybeing studied in coopera-
tion with the mathematicians of the National
Academy of Sciences and university and
other research organizations.

The simulation area is a new one; not
enough is known yet about it to justify de-
finite forecasts. Butthe best brains in the
country will be assembled to analyze the
possibilitiesand to see how they can be de-
veloped. The potential is indeed great.

The effect of traffic on the driver's nerv-

ous tension—highly important to his safety—
is under review. Here machines measure
his galvanic skin response.

In the field of economics, broad studies
are needed and are under way. What, for
example, does an expanding highway sys-
tem mean as opportunity for expansion,
relocation or initiation of business, resi-
dential or industrial activity?

What canbedone to provide all-weather
surfaces for the millions of miles of lesser
roads in the United States? Every one of
these lanes carries people to market, to
school, to church. The men who can make
travel safer and easier over these by-ways
will make a great contribution.

The mineral aggregates necessary to
build roads, and the soils whose natural
properties suit the requirements of road
builders, are becoming scarcer. Some
day science will find the way to improve
the properties of native materials, the clays
and shales. Probablythe resultwill be re-
ported first at one of our meetings.

Researchisvitally needed on methods of
controlling land use at interchanges, and in
areas surrounding access points, to assure
development consistent with the most de-
sirable land and transportation needs.

Studies are revealing the interaction be-
tween transportation and land use, and hold
promise of establishing how transportation
facilities not only serve but also shape the
community.

The part played by the law takes us in-
to the social sciences, as do many other
phases of the problem.

Among the most important of our tasks is
that of bridging the gap between the scientist
and the layman. Necessarily, the work of
the scientist must be expressed intechni-
cal papers thatfrequently are incomprehen-
sible to the layman. Yet work done in the
public field in the United States can only be
financed and applied when the public—you
and I—appreciateswhat it means to us to
such an extent that we are ready topayfor it.

For thefirst time, during the past year
the Board has had the services of a group
of men skilled in the art of putting technical
documents into the language of the man on
the street, then seeingtopublic dissemina-
tion of the material,

So the story goes. The whole gamut of
human emotions, desires, needs, is run as
we look forward into the future.

Back of all this is a human story. Dr.
Frank Baxter has well said:



"Let us, OLord, never forget that what
we do, is done to human beings: to men,
women and children--and not to faceless
statistical puppets."

Then let me add to what Dr. Baxter has
said: that in the field of highway research
what is being done is notbeing done by face-
less puppetsbut by devoted men and women.

Over all the years, the success of the
Highway Research Board has been that it
has followed the precepts laid down by
Thomas H. MacDonald. Innumerous con-
versations, he used to underline the point,
strongly, that research mustbe done where
the research brains are: that normally in
timesof peace, at least, they cannot be ar-
bitrarily summoned to a central point and
told to do a specific job. Only an "Opera-
tion Road Test" permits concentration.
"Instead,” he was wont to say, "'we must
make of the Board aforum where voluntar-
ily the men and women inresearch can come
together to compare notes on progress with
others in the same profession."

As time has gone on, the wisdom of his
precepts has been more than justified by
the results. Today, the Board has six de-
partments and three special committees
covering many broad phases of research.
Eachhasa chairman of top reputation in his
field who serves without compensation.

Under those menwe have 82 committees
engaged in the constant study of the ever-
growing field of highway research. Each
committee has an average of 12 men, all
recognized specialists in various areas
who come together annually to give us the
benefit of their own findings and to exchange
ideas in the advanced areas of highway re-
search. Nationally recognized as authori-
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ties in their ownfield, because they are men
of science, theyare little known to the gen-
eral public, who are the beneficiaries of
their work.

Here again, they serve on a voluntary
basis. Many come from key positions in
the universities of the land. Others are
from the laboratories of industry. Still
others hail from all branches of govern-
ment. Each iscontributing in his own way
to the total sum of knowledge of all of us,
doing his or her bit in the job of making a
better America.

As the years have gone by, the number
of individuals involved has grown steadily.
Today, the Board meetings number many
men in highpositions in many foreign coun-
tries, eachintent ontaking back to his own
land something of the feeling of this great
voluntary, and typically American, cooper-

ative movement.
In the background, also unheralded and

unsung, isthe staff of the Highway Research
Board headed by a dedicated public servant,
worthy successor to his teacher Roy Crum
but, like him, known to but relatively few
outside the immediate circle of his work.
That man is the Director of the Highway
Research Board, Fred Burggraf.

The work load has tripled in the past
twelve years, yet the eight men of Burg-
graf's staff have carried on, growing grey
in the public interest, rewarded chiefly by
their own knowledge of a job well done.
Aheadof us is the needfor greater recogni-
tion of these men, for understudies who can
begin to pick up part of the load. With that
fact of life goes also the other fact that as
highway research grows in complexity new
skills and disciplines must be incorporated
into the work.



Historical Highlights of the

Highway Research Board

FRED BURGGRAF, Director, Highway Research Board

The National Research Council was es-
tablished in the Springof 1916 when Presi-
dent Wilson requested the National Academy
of Sciences to organize the scientific and
engineering forces of the United States for
the purpose of defense.

In May 1918, by executive order, Presi-
dent Wilson perpetuated the National Re-
search Council and attached it to the Na-
tional Academy of Sciences, which was in-
corporated by Congressional Charter and
approved by President Lincoln on March 3,
1863.

Also in 1918, President Wilson issued
another executive order directing all gov-
ernmental agencies to cooperate with the
National Research Council. That gave
every governmental department executive
authority to cooperate.

In October 1919, Professor A. N. Talbot
and Dean Anson Marston, representatives
of organizations in the Division of Engineer-
ing and Industrial Research of the National
Research Council, met in Chicagowith
Thomas H. MacDonald, Commissioner of
the Bureau of Public Roads, and Clifford
Older, Presidentof the Mississippi Valley
State Highway Department Association, to
discuss the importance and necessity for
the immediate inauguration of a national
program for highway researchand a listing
of the highway research agencies. They
also recommended that a subcommittee of
the Engineering Division be appointed to
cooperate inthe coordination of the various
highway research committees.

On October 26, 1920, Chairman C.A.
Adams of the Division of Engineering and
Industrial Research addressed a letter to
the governing boards of certain national or-
ganizations, federal and state departments,
and educational institutions, stating the
need for highway research, outlining the
projected committee organization, and in-
viting representatives to a conference for
the purpose of completing the organization.
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At that meeting, held November 11, 1920,
an Advisory Board on Highway Research
was organized and by-laws were adopted.

Thomas H. MacDonald was present at
that historic meeting and outlined the need
for highway research and supplied the fi-
nancial support which made possible the
launching of the Board's program.

C.D. Curtiss, one of the three here at
the head table who attended this organization
meeting, went to New York todraft the later
adopted by-laws. The other twowere A.T.
Goldbeck and Pyke Johnson.

The first Annual Meeting of the Board
was held in the Engineering Societies Build-
ing, New York City, on January 16, 1922.
Professor W.K, Hatt, onleavefrom Purdue
University, was Director. Professor An-
son Marston of Iowa State College was
Chairman of the Executive Committee,
which consisted of only five members, of
which Mr. MacDonald was one.

The attendance at this first Annual Meet-
ing was 30; only four committee reports
were presented and discussed. These
were: (1) Character and Use of Road Ma-
terials, Chairman H.S. Mattimore; (2) Eco-
nomic Theory of Highway Improvement, T.
R. Agg, Chairman; (3) Structural Design of
Roads, Chairman A.T. Goldbeck, who is
here with us tonight; and (4) Tractive Re-
sistance, Chairman, Major M, L, Ireland,
Quartermaster Corps of the Army.

The total annual budget for 1922 was
$13,500., The Bureau of Public Roads
gave $12,000, the Engineering Foundation
gave $1,000 and the National Research
Council the remaining $500.

The salary scale at that time was also
interesting. The Director recommended
the appointment of an Assistant Director at
a salary of $3,000 a year and a competent
stenographer at $1, 800 per year.

The early records show that as far back
as 1923 the Director was having budget dif-
ficulties. Following the statement of a



needed annual budget of $35,000 was this
comment: "$15,000 is in sight, leaving
$20, 000 to be raised by the Ways and Means
Committee. "

At this 40th Anniversary Meeting, let us
review very briefly some of the historical
highlights in 10-year intervals.

THE 1920'S

Professor Hatt, on leave from Purdue
University, was the Director in 1922 and
1923. C.M. Upham, who is present here
tonight, was Director from 1924 to 1928.
Upon Mr. Upham'sresignationin 1928, Roy
W. Crum became Director.

The average attendance at the Annual
Meetings during this first 10-year period
was 225, with an average of 20 papers or
reports presented during the two-day ses-
sion.

There were reports on wind resistance
tovehicles, tire wear, costof vehicle oper-
ation, the question of not being able to
freeze water whendesired in certain soils,
and the ability to freeze it in others, im-
pacttests on concrete, traffic analysis, and
grading of top soil mixturesfor local roads.
Also, reports of the tests at the Bureau of
Public Roads Arlington Experimental plant,
of the Bates Road Test in Illinois, and the
Pittsburgh tests in California. Two Special
Reports were published entitled, ""Econom-
ic Value of Reinforced Concrete'' and "'Low
Cost Improved Roads, "' both of which were
financed by industry.

During the latter part of this decade a
proposed program of highway research was
introduced by Messrs. MacDonald and
Crum, the two men we have honored by
placing their pictures in the program be-
fore you. A few of the problems considered
of most importance were:

1. Soilsandtheir characteristics, par-
ticularly as subgrades.

2. Low cost roads of adequate service
character.

3. Highwaytransportutilizationand at-
tendant problems.

4, The planning of highway systems.

5. The financing of highways.

6. The effects of heavy vehicles, and
relative taxation or other charges for high-~
way purposes,

Some of these earlier papers had inter-
esting titles 1n light of later developments,
such as: "The Services of Psychology to
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Problems of Traffic Control, " "' Application
of Aerial Mapping to Highway Construc-
tion, " and " The Demonstration and Drama-
tization of Research." The last was a real
public relations contribution.

The ""News Letter, " asa medium to ac-
quaint public, academic and industrial rep-
resentatives of developing research mat-
ters, was inaugurated during the late
1920's.

Active representation was established
through contact men with the state highway
departments and more than 100universities
and colleges. Thatarrangement, in an ex-
panded way, is still in existence today.

"Without the sympathetic and active sup-
portof the Bureau of Public Roads, through
Mr. Thomas H. MacDonald, the Board
could not have functioned." This statement
was taken from the minutes of the Executive
Committee in the late 1920's.

The name was changed from the Advisory
Board on Highway Researchto the Highway
Research Board. The Executive Commit-
tee membership was increased from six to
eleven,

One last item, which probably does not
rate as a general highlight but which had a
pleasantimpactona future career, was my
own initial affiliation with the Board as a
Special Investigator in 1929.

THE 1930'S

The average attendance at the Annual
Meetings during this 10-year period was
405, comparedwith 225 in the 1920's. The
average number of papers and reports pre-
sented was 59, against the 20 of the previ-
ous decade.

Considering the economic depression
during the earlier part of that decade, these
figures reflect an interesting growth.

Some of the noteworthy innovations dur-
ing this 10-year period of Mr. Crum's
directorship were the following:

1. Creation of a Research Information
Service (1930).

2, Initiation of the synopsis procedure
for all papersin Proceedings (1931). This
is still being used.

3. Initiation of the Highway Research
Abstracts publications series (May 1931).
There were about two issues yearly until
1934; since then they have been issued
monthly. The fine facilities of the Bureau
of Public Roads library have over these
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many years beena great reservoir of cur-
rent source material for these Abstracts.
The assistance received from the library
staff and the courtesies shown our own li-
brarian are greatly appreciated.

4, Acceptance of joint sponsorship of
the Bartlett Award with the American As-
sociation of State Highway Officials and
the American Road Builders Association.
Thomas H. MacDonald was the first re-
cipient (1931),

5. Establishmentof active representa-
tion through contact men with 53 different
cities in 27 states (1931).

6. Establishmentof thefirst jointproj-
ect with the American Association of State
Highway Officials, on a study of the laws,
funds, organizationand technicalpractices
relating to roadside development.

7. Initiation of a general policy of
charging for issues of Proceedings, which
were free up to this time (1934).

8. Reorganization into Departments and
Committees for the division of the work
(1935). Previously there had been no De-
partmental division.

9. Creationof a new Department of Soils
(1935).

10. Establishment of a joint arrange-
ment with the American Association of State
Highway Officials for the purpose of con-
ducting and maintaining a highway research
census (1936).

Interest in soil mechanics and soil sta-
bilization reached the degree that a two-day
session was devoted to this problem at the
1938 Annual Meeting. The most recent
knowledge of soil science in relation to its
application to the problems of highway engi-
neering was contained in the 40 papers and
reports presented.

In addition to the regular yearly Pro-
ceedings, the following special publica-
tions were issued during this decade:

1. Useof Rail Steel Reinforcement Bars
in Highway Construction.

2. The Use of Calcium Chloride as a
Dust Palliative.

3. A Symposiumon Research Features
of Flexible-Type Bituminous Roads.

THE 1940'S

The average attendance at the Annual
Meetings during this 10-year period was
640, compared with 405 in the 1930's and
225 in the 1920's. The average number of

papers and reports presented was 82, a-
gainst 59 and 18 in the 1930's and 1920's,
respectively.

To avoid the national emergency conges-
tion in Washington caused by World War II,
the Board abandoned a long-established
custom by leaving Washington and holding
its next four assembled Annual Meetings
in the following cities:

1941 - Baltimore, Maryland
1942 - St. Louis, Missouri

1943 - Chicago, Illinois

1945 - Oklahoma City, Oklahoma

The 1944 meeting was scheduled to be
held at Cincinnati, Ohio, but was canceled
at the request of the Office of Defense
Transportation. The papers and reports
prepared for this meeting were published in
a Proceedings but there was no ''assem-
bled" Annual Meeting that year.

Briefly, the following are some of the
highlights of the decade:

1. Establishment of the Highway Re-
search Board Award (1940) and the Highway
Research Board Distinguished Service A-
ward (1948).

2. Inaugurationof the procedure where-
by individuals or companies may affiliate
with the Board on a non-voting basis (1940).

3. Establishmentof a series of lecture
courses on highway economics jointly with
universities and colleges (Towa State, Texas
A and M, and Utah University). The pur-
pose of these courses was to acquaint the
highway administratorsand engineers with
the fundamentals of economics which apply
in )the operation of highway systems (1940-
41),

4, Initiationofa seriesof Wartime Bul-
letins on timely subjects. The object of
these pamphlets was to disseminate in use-
able form the bestavailable information on
those phases of highway technology in which
common practice had not become estab-
lished or in whichpractice had to be modi-
fied during the war. Therewere several of
these issued (1942).

5. Establishment of a joint committee
with the American Association of State
Highway Officials ona study of maintenance
personnel (1946).

6. Initiationof a joint research project
with the Bureau of Public Roadsand the As-
phalt Institute on a flexible pavement track.

7. Inaugurationof the Research Corre-
lation Service (1945).

a




8. A studyof vehicle size and weight vs
gasoline consumption and travel .time in
Pennsylvania by the Committee on Econom-
1cs of Motor Vehicle Size and Weight.

9. Studies of actual traffic situations
with special instruments by the Committee
on Vehicle Characteristics.

Research Correlation Service

Establishment of the Research Correla-
tion Service was the greatest single event in
the life of the Boardas far as carrying out
more effectively the purposes laid down by
the founders and accounts, in a large mea-
sure, for the accelerated progress during
the last 15 years.

This service isfinanced ona yearly sub-
scriptionbasisby the state highwaydepart-
ments and the Bureau of Public Roads. The
Board agreesin these contracts to "collect
the available information concerning past,
current and proposed research work re-
lating to highwaysand highway transporta-
tion, of the Federal Government, State
highway departments, colleges and univer-
sities and research agencies; study and
correlate the information by means of in-
dividual and group conferences and commait-
tee activities; prepare reports and make
recommendations based thereon; and dis-
seminate such information, reports and
recommendations to the subscribers to the
Service and to other highway research a-
gencies."

The Board has five professional engi-
neers, each of whom is specializing 1n one
or more of the branches of highway tech~
nology represented by the six departments
under which the technical committees oper-
ate. A considerable part of the time of
these engineers is spentin making periodic
visits to state highway departments, col-
leges, universities and other agencies en-
gaged in highway research.

These engineers also serve their re-
spective departments and committees with
technical assistance.

THE 1950'S

During this decade there was a phenome-
nal growth in the Board's activities.

The average attendance at the Annual
Meetings during this 10-year period soared
to 1,610, compared with 640 in the 1940's.
The average number of papers and reports
presented was 186, against 821n the 1940's.

Some of the major special projects which

27

were financed from special donated funds
during this period were:

1. Road Test One-MD.

2. The WASHO Road Test.

3. The AASHO Road Test.

The total cost of these three projects was
about $28. 5 million, with the last account-
ing for about $27 million.

4. Non-Rigid Pavement Design.

5. Effect of Wind Stresses on Bridges.

6. Intergovernmental Relations in
Highway Affairs.

7. Calcium Chloride Stabilization.

8. Relationship of Parking to Business.

9. Laws Study.

10. Urban Research.

11. Study of Friction Piles for Highway
Structures.

12, Research Problems of Mutual In-
terest and Concernto Users and Producers
of Asphaltic Materials.

13. Special Study for Department of De-
fense on "Effects of Military Aircraft on
Airfield Pavements."

14. Arrangementof an exchange of soil
scientists between Russia and the United
States.

15. Although not financed by special
funds, Special Report 55, "Highway Re-
search in the United States, Needs Ex-
penditures and Application," must be in-
cluded.

During this decade publications produc-
tion increased from 2,000 pages to more
than 5, 000 pages per year.

To keep pace with this increased activity
the Executive Committee membership was
increasedfrom 11 to 21, with the new mem-
bers representing disciplines which were
deemed necessary.

During the latter part of this decade the
Department of Economics, Finance and Ad-
ministration sponsored three Special Work-
shop Conferences on (a) Economic Impact
of Highway Improvement; (b) Economic An-
alysis Relating to Planning Location and
Design; and (c) Highway Construction Pro-
graming.

Earlier in thisdecade (May 15, 1951) we
were saddened by the death of our beloved
Director, Roy W. Crum. A unanimously
adopted motion by the Executive Committee
on June 12, 1951, contains these words:

""In the words of Ralph Waldo Emer-
son, 'An institution 1s the lengthened
shadow of one man.' For nearly a
quarter of a century this has been true
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of the Highway Research Board of the
National Research Council. Its out-
standing progress since 1928, when he
became its Director, has been due,
more than to any other factor, to the
quiet, modest, effective leadership and
practical vision of Roy Crum.,

"His integrity, friendliness, mod-
esty, open-mindedness, industry,
fairness, determination and resource-
fulness have won universal respect and
have endeared him to all—young and
old—who have in one way or another
been associated with him."

Also to perpetuate his memory the Ex-
ecutive Committee changed the name of the
Highway Research Board Distinguished
Service Award to the Roy W. Crum Dis-
tinguished Service Award. It was my ex-
ceedingly good fortune to have been close-
ly associated with him for 15 of the 23 years
he was directing the growing work of the
Board. His fine human qualities and his
deep understanding of the significance of
highway research which I came to know so
well will always be an inspiration to me.

Also, in April 1957, at the death of
Thomas H. MacDonald, we lost a loyal and
devoted friend. It was largely through his
efforts in cooperation with the Division of
Engineering and Industrial Research of the

National Research Council and interested
highway transportgroups that the Advisory
Board on Highway Research was formally
organized on November 11, 1920. He sus-
tained it during those difficult pioneering
years when the vital role of research in
highway transport was not widely recog-
nized and continued to do so during the 34
yearshe was U. S. Commissioner of Public
Roads. .

FORTY YEARS OF PROGRESS

I hope itisrealized that in the short re-
view given here justice could not be done to
the over-all accomplishments of the Board.

Ithasbeen said that''research knowledge
in highway engineering grows by accre-
tion." In the unfolding 40 years of activity
of the Highway Research Board no single
discovery has claimed leading notice. Each
year has seen a thin layer added to the pearl
of assured knowledge placed at the service
of highway transportation through the ac-
tivities of the large company of technical
men who made possible the Annual Meet-
ings of the past.

There islittle doubt that these meetings
over the past 40 years have contributed
greatly to the development of the men who
have advanced the technology of highway
transport to its present high level.

. L



HE NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN-

CIL 1s a private, nonprofit organization of scientists, dedicated to the

furtherance of science and to its use for the general welfare. The
ACADEMY itself was established in 1863 under a congressional charter
signed by President Lincoln. Empowered to provide for all activities ap-
propriate to academies of science, 1t was also required by its charter to
act as an adviser to the federal government in scientific matters. This
provision accounts for the close ties that have always existed between the
ACADEMY and the government, although the ACADEMY is not a govern-
mental agency.

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY
in 1916, at the request of President Wilson, to enable scientists generally
to associate their efforts with those of the limited membership of the
ACADEMY 1n service to the nation, to society, and to science at home and
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their
appointments from the president of the AcaApEMY. They include representa-
tives nominated by the major scientific and technical societies, repre-
sentatives of the federal government, and a number of members at large.
In addition, several thousand scientists and engineers take part in the
activities of the research council through membership on its various boards
and committees.

Receiving funds from both public and private sources, by contribution,
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work
to stimulate research and its apphcations, to survey the broad possibilities
of science, to promote effective utilization of the scientific and technical
resources of the country, to serve the government, and to further the
general nterests of science.

The HicHwAY RESEARCH BOARD was organized November 11, 1920,
as an agency of the Division of Engineering and Industrial Research, one
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL.
The BOARD 1s a cooperative orgamzation of the highway technologists of
America operating under the auspices of the ACADEMY-COUNCIL and with
the support of the several highway departments, the Bureau of Public
Roads, and many other organmzations interested in the development of
highway transportation. The purposes of the BOARD are to encourage
research and to provide a national clearinghouse and correlation service
for research activities and information on highway administration and
technology.
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