PROCEEDINGS OF THIRD ANNUAL MEETING 105

The observations so far made 1ndicate that at least one other item
may have an extremely 1mpoitant bearing upon the behavior of a
clay subgiade so1l when subjected to 1epeated loads This relates to
the effect produced by freezing and thawing of the sol  During the
summer and fall months, when the moisture content was about 28
per cent, ten repetitions of a load amounting to 6 pounds per square
inch might result 1n a total permanent depression of perhaps not
more than 1-100 mnch  TLater, when the moisture content had 1n-
creased under the same slab to about 33 per cent, 1n the meantime
the ground having frozen and thawed a few times, ten applications
of a load of the same magnitude produced a permanent depression
of 16-100 inch Still later, after another period of freezing and
thawing, during which the moisture content had again decrcased
to about 28 per cent, ten applications of the same load produced a
permanent depression of about 6-1000 inch It would seem that north
of the latitude where freezing and thawing of the subgrade may be
expected this phenomenon would have an important bearing upon
the subgrade problem

Dr Westergaard It 1s possible that 1uts can form under the pave-
ment, provided the traffic follows definite tracks I believe, then,
that one of the particular problems that should be dealt with theoreti-
cally 15 the matter of the flexure of the slab having less support along
two different lines I believe that problem can be handled Now,
as to the matter of permanent sets 1n general, a conimittee on stresses
1n ralroad tracks has been confronted with that same thing

Second Session

The meeting was called to order at 7 30 P M The Chairman 1n-
troduced Thomas H MacDonald, chief of the U S Bureau of Pub-
Iic Roads, who made an address on

THE OBJECTIVES IN HIGHWAY RESEARCH

The United States 1s now carrying on a highway improvement
program which, measured 1n terms of expenditures, approximates
a billion dollars annually As 1n nearly everything else of concern
to the general public, we have gone 1n for quantity production A
large yearly mileage of new roadways has been demanded, that a
place might be found upon which to operate the quantity production
of the motor vehicle So large are the annual programs of new con-
struction 1n many states that even minor modifications 1n specifica-
tions or designs have a very large financial aspect

In the face of large annual 1ncreases 1n the mileage of 1mproved
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10ads, handicaps exist and have existed continually to the satisfac-
tory and economtcal use of the motor vehicle hecause of insutheient
nuleage of highways 1mproved to even 1casonably acceptable stand-
ards Very 1ecently a well-known manufacturer stated that four mil-
lion new 1ehicles would be placed on the highways 1n 1924  Iven
allowing for the retirement of a large number of those now m seivice
the net acciement 1s such theie 15 the cortainty that much greater
setvice will be required from highways alrcady seriously overloaded
structurally and congested to the point of discouraging the 1cason-
able and desired use of the moto1 vehicle

All this has occurted without wainimg and without precedent
The whole development of highway tianspoit 1s in the making,
bringing with 1t hundreds of problems—social, cconomic and en-
gieermng This condition must be 1ccognized, accepted with just
weight, and solved  Much greater reason ewists for doubting whether
the condition now existing will be corteetly measured than for doubt-
g the ability to apply proper remedies, once the individual prob-
lems are corrcetly analyzed In no other development, ancient o
modern, affecting 1n so major a degree the whole structure of out
social and cconomie life has the engineer been given so command-
g an opportunity for leadership and for carrving mto efteet pohaes
formulated by his profession

The opportunity 15 real  Will the engimeer <uceeed o tail” 1t
he 1s making progress 1f he 15 sueceedimg, 1t he finally proves le-
vond all doubt the ability of the engineer to master and thus to lead
1 a new and major translation i our national hfe, 1tan1ll be through
research—rescairch that 1s as big and bioad, as svmpathetic and n-
telligent, as the present existing conditions and oppottunities fo.
advancement and progiess justify

A satisfied confidence in present practices and a lack of teiest
m engaging 1 and supporting broad highway 1eseaich 1s not only
a failure of a pubhic duty, but 1t 15 the worst possible betiaval of the
engineering profession 1itself But past history 1s not entiely re-
assurtng Onec question for years has been to me a most perplexing
one, and T may add 1t has not been an entirely happy one This
same question has been active 1n the nunds of a gicat many, it nol
most, of the enginecrmg profession, and common refetence 1~ made
to 1t 1 engineering literature

Tt 1s this Considering the study piepatation and experience 1e-
quued to fit one adequately to practice the professton of engimeer-
mg, the haid woik, hoth mental and physical usually mnvolved in the
practice of the several branches of engineering, the sincerity and
persistency of puipose 1equited for any successful accomplishment,
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and the 1esponsibilities of all kinds imposed, why has not the en-
gmeer been accorded moie 1cadily and more consistently leadership
and the rewards of leadeiship, not necessarily material, which gen-
erally acerue to recognized authority?

And the answe1, which 1s reasonably sufficient to me, but which
T do not msist that any onec clse shall accept, 15 this the lack of
engineering rescarch  As we 1eview engineering history, this lack
and often entire absence of anything appiroaching adequate rescaich
has been until very recent yeais charactenistic of both indmiduals
and 1nstitutions

For example, agricultural experiment stations have been estab-
lished through federal and state legislation and have been supported
for many years to promote the development ot the science of agri-
culturze  These experiment stations are established 1n every state
but only a very few educational mstitutions have established en-
gineering experiment stations, and most of these have had setious
trouble to maintain a meager existence  Why research 1n engineci-
g has not been more fully developed 1s most difficult to understand
Undoubtedly ow great natural 1esources have lulled us into the be-
lief that 1t was not necessaiv to use them with the economy which
ought to follow propet 1escaich, yet this ceitanly cannot be the
only reason, when we consider the tremendous feitility of the lands
which have been ours for the taking, and yet we find a widespread
and persistent extension of agiicultural research m the states where
there has been no engimeering 1esearch de cloped

I am fully convinced that enginects have been so busy with the
day’s work that they have not msisted upon the development of an
adequate engineering 1escarch until the fact was accomplhished, and
that this reason 1s, to a greater degiee than any other, 1esponsible
for the tailure of engimeers up to this time to secure that degiee of
1ccogmition justihed  Very hopeful indications now exist that {lus
tecognition 1s coming slowly but smely, and without doubt the
motinating reason behind this changing attitude of the public toward
the engmeer 1s the greater interest, activity and sistence of the
engineers 1 the establishment and conduet of engineering research

You will find 1n this statement no strving for effect, no unfriendly
cuiticism, but 1ather an expression of the deepest concern that the
great needs and great opportunitics for research that aie presented
shall recene full recognition from the engincer And what 1s true
of the necessities and fruitful potentialities mn the field of engineer-
Ing research 1s equally true m that of other pirofessions, for ex-
ample, the econonnst, who 1s concerned with the cconomie and social
development of this nation
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Consider the highway transport field The civil, the mechanical,
the automotive, the transportation engineer, the economist, and the
chemist—all have presented to them broad opportunities for direct
research, while, although more indirectly and perhaps somewhat
more removed 1n time, there are other professions that may very
concervably find worthy phases for research endeavor

Highway research offers two major objectives First, the 1sola-
tion and defimtion of each problem, and, second, the solution of
the problem These objectives are supplemental and sequential
All too frequently the first 1s neglected to the undoing of the second
Perhaps I may even be justified 1n saying that engineers have fre-
quently 1n the past made grave errors, and, judging the future by
the past, will continue to make grave errors 1n big enterprises or 1n
the solution of big problems mn one of the following ways

a Insufficient and 1naccurate fundamental data

b Iamitations 1n scope of data secured

¢ Limtations imposed by legislation or other authorty

d The misapplication or maladjustment of data in 1itself correet

Examples might be multiplied of failure or lack of obtainable
success 1n engineering pirojects through an incorrect or 1nadequate
analysis of the whole problem 1nvolied More specifically, faalures
might be catalogued under one of these four reasons It maght be
urged that engineers are not responsible for the limitations 1imposed
by legislation or other authority, but are they not responsible when,
as 1 frequently true, they cut and trim estimates and designs below
safe practice to meet these limtations? More than this, 1t matters
not what the reasons are or what handicaps exist, the engineer 1n
charge will be held 1n the court of public opinion for any failures

There are these two groups of highway research objectives First,
those having for their purpose the correct analysis of each problem,
and, second, those having for their purpose the finding of the remedy
or the solution when the problem shall have been correctly 1solated
and analyzed Just at this time, of the two, the first 15 the more
mmportant Real progress 1s always slow Consider the years of
research required to 1solate the yellow-fever germ, and in the mean-
time the lives that were lost from this cause, unknown and unchecked
The cause once known, the remedy has followed swiftly—to the
everlasting credit of the medical profession So, too, the oppor-
tunity 1s offered in the highway field to do a birg work now 1n re-
search Much progress has been made, but we have only started
Nor can the research worker stop when he shall have reached both
of these objectives, for he must then insist upon the practical apph-
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cation of the solutions he finds i1n the field of hrghway transport
The most perfect solution 1s only valuable when apphed After all,
the real objective of highway research is the most economical, 1n
every sense of the word, and the most efficient highway transport
gervice possible for the use of the public as a whole The oppor-
tunities are unlimited There 1s not a single phase 1n which there
is not the necessity for major research In the field of finance, no
rational policies of providing the funds have been worked out We
have only fairly started upon the improvements in the design of
road surfaces e need to develop better materials—cement, as-
phalt, aggregates, and particularly sands

Field control of processes to 1nsure uniformity of product 1s stll
almost untouched Adequate provision for, and the control and
regulation of, traffic must be solved These unsolved problems, and
many more, present a wide, almost unexplored, field for highway
research,

Anson Marston, Dean of Enginecting Towa State College, was
unable to be present Dr Hatt read Dean Maiston’s paper on

HIGHWAY RESEARCH WORK OF AMERICAN ASSOCIA-
TION OF LAND-GRANT COLLEGES

In another repoit the wiiter of this paper 1s giving a summary ac-
count of engineering research at the land-grant colleges of the United
States In a word, they constitute the greatest single organized
agency for engineering 1esearch 1n the country The status of the
land-grant colleges 1s especially favorable for organized highway
research conforming to a national program, such as that of the
Advisory Board on Highway Research

@ The land-g1ant colleges are the only nationally endowed and
supported educational institutions of higher learning 1n
the country Hence, each of these land-grant colleges
should cooperate with the National Government in 1ts
highway research (conducted by the Bureau of Public
Roads) and with the Advisory Board on Highway Re-
search, 1tself (through the National Research Counail) a
creation of the National Government

b Each of these land-grant colleges also 15 officially established
and suppoited by the government of the state 1n which 1t
1s situated  Hence, 1t 1s especially fithing that the land-
grant college 1n each state should cooperate officially and
systematically with the State Highway Commission 1n the
same state, since they constitute two branches of the state
government



