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The observations so far made indicate that at least one other item 
may ha^e an extremely impoitant bearing upon the behavior of a 
clay subgiade soil when subjected to lepeated loads This relates to 
the effect produced by freezing and thawing of the soil 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 in a total permanent depression of perhaps not 
more than 1-100 inch Latei, when the moisture content had in
creased under the same slab to about 33 per cent, in 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, dunng which the moisture content had again decreased 
to about 28 per cent, t«n applications of the same load produced a 
permanent depression of about 6-1000 inch I t 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 I t is possible that luts can form under the pave
ment, provided the traffic follows definite tracks I believe, then, 
that one of the pai'ticular problems that should be dealt with theoreti
cally is 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 in general, a committee on stresses 
in railroad tracks has been confronted with that same thing 

Second Session 

The meeting was called to oider at 7 30 P M The Cliairman in
troduced Thomas H MacDonald, chief of the U S Bureau of Pub
lic Roads, who made an address on 

T H E O B J E C T I V E S I N H I G H W A Y R E S E A R C H 

The United States is now carrying on a highway improvement 
program which, measured in terms of expenditures, approximates 
a billion dollars annually As in nearly everything else of concern 
to the general public, we have gone in 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 in many states that even minor modifications in specifica
tions or designs have a very large financial aspect 

I n the face of large annual increases in the mileage of improved 
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loads, handicaps exist and have existed continually to (he satisfac
tory and economical use of the motor vehicle because of insufhcient 
mileage of highways improved to even icasonably acceptable stand-
aids Very lecently a well-known manufacturer stated that foui mil
lion new vehicles would be placed on the highwaj-s in 1924 Even 
allowing for the rctueraent of a huge number of those now in seivice 
the net acciemcnt is such thcic is tiic ceitainty that much greatei 
seivice will be lequiied from higliwaya already senously overloaded 
structurally and congested to the point of discouraging the iea=on-
able and desired use of the motoi vehicle 

A l l this has occuried without warning and without piecedent 
The whole development of highway tiauspoit is in the making, 
bunging with it hundreds of problems—social, economic and en
gineering This condition must be lecognized, accepted with just 
weight, and solved Much greater reason exists /or doubting whetliei 
the condition now existing vvill be coucctlv lucasurcd than foi doubt
ing the ability to apply proper rcniedich, once the individual piob-
lems are corrcctlv analyzed I n no othei development, ancient oi 
modern, aft'ectiiig in so major a dcgice the whole stiuctuic of oui 
social and economic life has the engineoi been given so coniinand-
ing an opportunitv for leadei-ship and foi caiiving into effect J)()1ICK^ 
formulated by his profession 

The opportunity is real Will the (Migincci '•ucceed oi fail'' If 
he IS making piogicss if he is succeeding, if he finally pioves be
yond all doubt the aljility of the enginoci to master and thus to le.id 
in a new and majoi ti.iiislation in oui national life, itvvvill lie tlirough 
research—research that is as big and bioad, as svmi)athetic and in
telligent, as the present existing conditions and oppoitunitie-; fo. 
advancement and progiess justify 

A satisfied confidence in piesent ])iactices and a lack of inteie^t 
in engaging in and supporting bioad highway leseaich is not onlv 
a failuie of a public duty, but it is the vvoî st possible betiaval of the 
engineering piofession itself But j)ast histoiy is not entuely re
assuring One question for jeais has been to me a most perplexing 
one, and I ma,v add it has not been an entireh happy one Thi« 
same question has been active in the minds of a gicat nianv, it not 
most, of the engineering piofession, and common rcfeience i>- made 
to it 111 engineering literature 

It IS this Considering the study ])iepaiation and experience lo-
quiied to fit one adequately to practice the profession of cngmoci-
iiig, the haid woik, both nientiil and physical, usually involved in the 
piactice of thc.sevoi.il blanches of engineering, the sinceuty and 
persistency of puipose lequiicd foi any successful accomplisliment. 
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and the icsponsibilities of all kinds imposed, win lias not the cn-
gineci been accoided moie leadily and more consistently leadeisliip 
and the rewards of leadciship, not necessarily material, which gen
erally accrue to recognized authouty? 

And the answci, which is reasonably suthciciit to me, but which 
T do not insist that any one else shall accept, \h this the lack of 
ciigineeiing reseaich As we ie\iew engineeiing histoiy, this lack 
.ind often entue absence of anything appioaching adequate reseaich 
has been until \ery recent ycais characteiistic of both indnidiial-
and institutions 

For example, agricultuial cxpeiiincnt stations ha\c been estab
lished through federal and state legislation and Inne been supported 
for many years to promote the development oi the science of agri-
cultuie These experiment stations are established in e\ery state 
but only a very few educational institutions ha\c established en-
ginecnng experiment stations, and most of those have had seiious 
tiouble to maintain a meager existence W i y research in engineei
ing has not been more fully developed is most difficult to undei'stand 
Undoubtedly oui great natural losouices ha\e lulled us into the be
lief that it was not necessaiv to use them with the economy which 
ought to follow propel icscaich, yet this certainly cannot be the 
only reason, when we considci the ticnicndous fertility of the lands 
which ha\e been oui-s for the faking, and yet we find a widespread 
and persistent extension of agiicultural reseaich in the states whoie 
there has been no engineeiing leseaich de\eloped 

I am fully convinced that enginecis have been so busy with the 
da>'& work that they have not insisted upon the development of an 
adequate engineering leseaich until the fact was accomplished, and 
(hat this reason is, to a gicatci degice than any other, lesponsihlc 
for the failure of engineeis uj) to this time to secure that dcgice of 
iccognition justified Very hopeful indications now c\ist that this 
iccognition is coming slowly but suicly, and without doubt the 
motnating reason behind this changing attitude of the public toward 
the engineei is the gieatcr interest, activity and msistence of the 
engmeeis in the establishment and conduct of engineering research 

You will find in this statement no stiiving for effect, no unfriendly 
cuticism, but lathei an expression of the deepest concern that the 
great needs and great opportunities for reseaich that aie presented 
shall recene full recognition from the engineei And what is true 
of the necessities and fruitful potentialities in the field of engineer
ing reseaich is equally true in that of other piofes.sions, foi ex
ample, the economist, who is concerned with the economic and sOi-ial 
development of tliis 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 in time, there are other professions that may Aery 
conceivably find worthy phases for research endeavor 

Highway research offers two major objectives Fii-st, the isola
tion and definition of each problem, and, second, the solution of 
the problem These objectives are supplemental and sequential 
Al l too frequently the first is neglected to the undoing of the second 
Perhaps I may even be justified in saying that engineers have fre
quently in the past made gxave erroi-s, and, judging the future by 
the past, will continue to make gra^e errors in big entei*prises or in 
the solution of big problems in one of the following ways 

a Insufficient and inaccurate fundamental data 
b Limitations in scope of data secured 
c Limitations imposed by legislation or other authority 
d The misapplication or maladjustment of data in itself correct 

Examples might be multiplied of failure or lack of obtainable 
success in engineermg piojects through an incorrect or inadequate 
analysis of the whole problem invohed More specifically, failures 
might be catalogued under one of these four reasons I t might l3c 
urged that engineers are not responsible for the limitations imposed 
by legislation or other authority, but are they not responsible when, 
as IS frequently true, they cut and trim estimates and designs telow 
safe practice to meet these limitations"i* More than this, it matters 
not what the reasons are or what handicaps exist, the engineer in 
charge will be held in 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, tliose having for their purpose the finding of the remedy 
or the solution when the problem shall have been correctly isolated 
and analyzed Just at this time, of the two, the first is the more 
important Real progress is always slow Consider the years of 
research required to isolate 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, tlie oppor
tunity IS offered in the highway field to do a big work now in 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 appli-
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cation of the solutions he finds in the field of highway transport 
The most perfect solution is only valuable when applied After all, 
the real obj'ective of highway research is the most economical, in 
every sense of the word, and the most efficient highway transport 
service possible for the use of the public as a whole The oppor
tunities are unlimited There is not a single phase in which there 
is not the necessity for major research I n 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 We need to develop better materials—cement, as
phalt, aggregates, and particularly sands 

Field control of processes to insure uniformity of product is still 
almost untouched Adequate provision for, and tlie 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 Engineciing Iowa State College, was 
unable to be piesent Dr Hatt read Dean Maiston's paper on 

H I G H W A Y R E S E A R C H W O R K O F A M E R I C A N A S S O C I A 
T I O N O F L A N D - G R A N T C O L L E G E S 

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

a The land-giant colleges are the onh- nationally endowed and 
supported educational institutions of higher learning in 
the country Hence, each of these land-grant colleges 
should cooperate with the National Government in it 
highway research (conducted by the Bureau of Public 
Roads) and with the Advisory Board on Highway Re
search, itself (through the National Research Council) a 
creation of the National Government 

b Each of these land-grant colleges also is officially established 
and suppoited by the government of the state in which it 
is situated Hence, it is especuillj fitting that the land-
grant college in each state should cooperate officially and 
systematically with the State Highway Commission in the 
same state, since they constitute two branches of the state 
government 

s 


