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GENERAL REPORT ON THE ACTIVITIES OF THE CONFERENCE ON SOIL MECHANICS AND FOUNDATION ENGINEERING

For the information of those interested in the origin of this Conference, its preparatory organi-
zation, and the activities during the Conference week, the following report is written. At the same
time it will serve as & permanent record of the most important events and of the ohronological order
of the meetings, whioh order could not be followed in the presentation of the papers and disoussions
in this volumes However, this report should not be considered as a ocomplete record of all events that
would be worthwhile recountinge It is only the setting, or frame, for a great meny interesting happen-
ings and personal oontacts whioh will remain plessant memories for those who have partioipated.

Purpose of the Conference and its Organization

The need for such e Conference originated in the diffioulty for engineers, as well as speoialists
in the field of soil meohanics, to keep abreast of the inoreasingly rapid developments of soientifio
methods for the analysis of problems in Earth and Foundation Engineering. The oelebration of the three
hundredth anniversary of the founding of Herwverd University provided a welcome opportunity to suggest
to the authorities of Harvard University that such a Conference be inoluded in the program of the
Tercentenary Celebration. The response was most gratifying. The University agreed not only to finanoe
this underteking but also to provide free living quarters and other oonveniences for the Members of the
Conferences .

Considerable thought was given to the organization of the Conference in order that the following

rimary purposes might be acoomplished in the most effeocient way:

?1) To make & survey of investigations in progress in the various Soil Mechanics Laboratories of the
world. -

(2) To oollect as mich information as possible on the reocent developments in Earth and Foundation
Engineering and to make them available to all interested engineers.

(3% To ocompare and coordinnte experiences and the results of researche

(4) To initiste oloser cooperation for the purpose of advancing the scientifio study of problems in
Earth and Foundation Engineeringe

No restrlotions were plaoed on the number of contributions, provided they were within the soope of
the Conference. However, to meke it finanoially possible that all papers could be inoluded in the
Proceodings and that, in order to stimulate discussions, these papers would be available in printed
form prior to the Conference, ocertain restriotions in regard to the length of the papers which could
be included in the printed Proceedings had to be adoptede Of the entire number of 160 ocontributions
which were acoepted prior to the Conference, only 20 were submitted in such ocomplete form that the
entire paper could not be printed. A list of these papers, and the addresses from where they ocan be
borrowed, are contained in the Foreword to Volume II of the Proceedings.

In additlon to the disoussions which were presented at the Conference, end the written discussions,
numerous oral and written comments were recelved on the oontents of the Proceedings. Among these
there were meny of sufficlent general interest to suggest that they be inoluded among the disoussions.
Requests that suoh comments be oontributed in the form of & written disoussion were not alwanys fulfilled.
Therefore, the Editorial Board took the liberty of inoluding some of them in the form of brief state-
ments emong the disoussioms, without naming the authors.

The langunge requirement wes admittedly e hardship to meny Memberse On the other hand the use of
e single language made it possible for two volumes of the Prooeedings to be printed prior to the
Conferences and the faot that only one language was used in the meetings and discussions has apparently
been one of the important faotors which contributed to the sucocess of the Conferences

All oontributions were olassified according to subject matter into the following 15 groups:

A, Reports from Soil Mechanics Laboratories on Testing Apparatus, Teshnique of Testing and

Investigation in Progress.

Be Exploration of Soil Conditions and Sempling Operations.
Co Reglonal Soil Studies for Engineering Purposes.

De Soil Properties (with particular attention to shearing resistance and comsolidation charaoter-
istios).

E. Stress Distribution in Soils.
F. Settlement of Struotures.

G. Stability of Earth and Foundation Works and of Natural Slopes (inoluding stability of dams
end weirs).

H, Bearing Capacity of Piles.
I. Pile Loading Tests.

Jo Earth Pressure against Retaining Walls, Exoavation Sheeting, Tumnel Linings, eto.



K. Ground Water MMovement end Seepage.
L. Soil Problems in Highwvay Engineering including Frost Action in Soilse

M, Methods for Improving the Fhysical Properties of Soils for Engineering Purposes, lncluding
Reocent Developments in Construoting end Compaoting Earth Fillse

No MNodern Methods of Design end Construction of Foundations.

Zo Miscellenecuse (Contributions which could not readily be clessified into one of the aebove
divieions; or which for teohnicel reasons oould not be included in the respective division.)

Throughout the entire Proceedings the conmtributions were arrenged in accordeance with the above
groupinge Within each grcup the oontributions ere numbered consecutivelye This system of olassifica-
tion, together with the general index end the author index, has proven so satisfactory that all papers,
and the discussions presented in the meetings of the Conference, were reerrenged to follow the same
system for this volume. However, sinoe it appears desirable to keep on record the actual progress of
the meetings and other events of the Conference, & ocorrected and supplemented program is ineluded in
this report.

General Notes on the lembership of the Conference

Prior to the Conferenoe numerous inquiries were reoceived from engineers interested in the aims of
the Conference who desired to obtein the Proceedings but found themselves uncble to attend in person.
In order to embrace as lerge an interested group as possible, the Committee on Organization created
the grade of Absentee liember. Orgenizations were perritted to join as Absentee Members.

Originelly the membership fee was set at $5,00 which included the Proceedings end free living
accomodations and other priveleges during the Conference. However, when the Committee on Orgenizetion
realized that the mumber of papers submitted would be more thean twice the estimated number and hence
the printing costs more than doubled, it was deoided that the membership foe should be ten dollars for
those epplying after liay 15, 1936. The special rate of four dollars for libraries was also discontimed
after that datee.

A complete membership list arranged acoording to coumtries, is oonteined in the Appendix of this
volume. The totel membership consists of 206 Participeting Members and of 181 Absentee Members.

Reoord of Meetings and other Events of the Conference

Fricdey Afternoon, June 19.

Members erriving at the Hotel Shelton in New York City were met and welcomed by the members of the
New York Reception Cammittee, composed of distinguished Americen engineers. Members of the Conference
were supplied with maps and printed information comcerning outstanding engineering projects and other
points of interest in New York end with the progrem for the official reception, to be held that evening,
and for the excursions on the following dayse.

At 7:00 P.M, the compeny assembled in e private dining-room on the &ith floor of the Re Ce Ae
Building, Rookefeller Center, where Members and their families were cordially welcomed by the members
of the Reception Committee, other invited engineers from New York, end their wives. Cockteils end
other refreshments were served end brief remerks of welcome were spoken by Mr. Robert Ridgway, President
Karl von Terzaghi, end the Secretary. The oompany then moved up to the Rainbow Grill, on the 65th
floor, where e section had been reserved for the dimmer. The hearty welcome of the New York engineers
and the excellent dinner creeted an atmosphere of mutuael interest and goodfellowship whioh prevailed
throughout the evening and extended to the meetings of the Conference.

Seturday, June 20, Excursion to West Point.

Busses carrying sixty-eight persons, including Members end their hosts and members of families,
left the Shelton Hotel at 9:00 A, M. The route followed the famous Westchester County Perkways,
pessing the Kensico Dam and Croton leke, orossing the Hudson River over the Bear Mountein Bridge to
Yest Foint, The United Stetes Military Academy. After luncheon at the Thayer=lest FPoint Inn, the
grounds and various buildings of the Acedemy were visitede The return trip was made elong the west
side of the Budson River to the George Washington Bridge; the bridge structure was inspeoted, and thence
along Riverside Drive to the hotel.

Sundey, June 21s Excursion to New Jersey.

In the foremoon ome group chertered & bus for a trip through the Holland Twmnel and over the
New Jersey Elevated Highway to the Newark Airporte On the return trip e visit was paid to the top of
the Rockefeller Tower fram whioh & clear sky permitted a wonderful view of Manhattan and 1ts surround-
ingse Other groups visited Museums, usually ending in & visit to the top of the Empire State Building
or the Rockefeller Towers,

In the efternoon, at 3:00 P.M, the Members and some of their hosts who were planning to attend the
Conference, left from Grend Centrel Station for Boston in & reserved, modern, eir-conditioned care
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This ride to Boston was a pleasant interlude from the rather stremeous preceding days and it was only
regretted that no arrangements had been made to serve teas For here was a very friendly group of
peoprle, who though strengers two days before, were now attaohed to each other by many mutual interestse

Monday, June 22.

First Meeting,.

10.00

10.15
10 .J.!,S

11.25

2,00-2.50

24503410

3410=1,,00

5400

6430

8430

Forenoon

Opening of the Conference, Main Lecture Room in Pierce Hall, Greduste School of
Engineering. Opening Remerks by A. Casagrande, presiding. (p. 11)

Address of Welcome by Jemes Bryent Conant, President of Harverd University. (po11)
Address by President Karl von Terzaghis (pe 13)

Address of Welcome by the Chairmen of the American Committee, Vice~President Deniel E.
Moran. (p. 18)

Second Meeting.

Afternoon - Ole Singsted, presiding

Lecture by Carlton Se Prootor (New York) on the Foundations of the San-Francisco-Oakland
Bay Bridge. (N-10)

Opening Discussion by Lezerus White (New York) on Section Ni Modern Methods of Design
and Construotion of Foundations, (N-ll)

General Discussion: Jose A. Cuevas, lazarus White, Kerl v. Terzeghi. (N-15)

Reception by the President of Harvard University, at the President's liouse, for lembers
and their families. A delightiful garden party which all members thoroughly enjoyed.

Weloome Dimner at the Harverd Union. Professor He R, Mimno, Acting Dean, presiding.
Members and their families were guests of the Faculty of Engineerings Address by
Jerome D, Green, Director of the Harverd Tercentenary Celebration.

Visit to the Harverd University Museum (the famous Gless Flowers, the Harverd Forestry
Exhibit, and other items of speciel intercst).

Tuesday, June 23 Third Meeting.

9400=9.L0

941,0-10,00

10,00=1C.20

10.20-12,00

2,00-2,L0

2.).1-0-3 20

3420-3450

Forenoon - Glennon Gilboy, presiding

Lecture by A. E, Bretting (Denmark) on the Foundetions of Modern Bridges in Demmark.
(N-11)

Motion Pictures on Soil Testing Procedures at the U. S. Army Engineers Soil Mechenics
Leboratory, at Zanesville, Ohio, Comments by Te Te Knappen and R. Re Philippe. (UsSekis)

Opening Discussions by D. W. Taylor (Cambridge, Mass.) on Section C: Regional Soil
Studies for Engineering Purposes, and Seection D: Soil Properties. (D-15)

General Discussion: H. F. Winterkorn, (D-16), D. M. Burmister (D-17), W. P. Kimbell

(D-18), G. Tschebotareff (D~19), P. Raes (N-16), C. A. Hogentogler (D=-20), L. White
(D-32), G. E. Ekblaw (D-21), L. F. Cooling (D=22),

Fourth Meeting
Afternoon - A, E, Cumnings, presiding
Leoture by Jose A. Cuevas (Mexico) on Foundation Conditions in Mexico Citye (¥=17)

Leoture by W, S. Fanna and G. Tschebotareff (Egypt) on Settlement Observetions in
Cairo, Egypt. (F-1, Vol. I)

Opening Disoussion by Karl von Terzeghi (Austria) on Section F: Settlement of
Structures. (F-16)



2,50=5.,00 General Disoussion: D. M. Burmister (F-17), R. Tillman (F-18), W. Loos (F-20),
K. veo Terzeghi (2-22).

8415 Pop Symphony Concert, Boston Symphony Hall. Members and their families were guests
of Hearvaerd University.

VWednesday, June 2. Fifth Meeting.

Forenoon - Re E. Bakenhus, presiding

9.00=3,50 Leoture by Profe. A. Agatz (Germany) on Experiemces in the Construotion of Harbor Works
in Bremen and Bremerhaven. (N-12¥ :

9450=10.20 Opening Disoussioms by F. Kogler (Germany) on Section Ei . Stress Distribution in Soils
(E=-12); and by J. S. Crandall (Cambridge, Mass.) on Seotions H and I: Bearing Capeoity
of Piles and Pile Loading Tests (H-7).

10.30-12,00 General Discussion: J. G, Mason (H-8), R. Pietkowski (B-9), R. D. Mindlin (E-13),
D. M. Burmister (E-1,), D. P. Erynine (E-15), L. White (H-1C), P, Raes, (H-11),
G. Tsohebotareff (H~125, C. S. Proctor (H-l};, K. Haugeto (H-1,), B. K, Hough (E-16),
A. E. Cummings (H-11).

Sixth Meetinge

Afternoon - F. A. Marston, presiding

2,00-2,L0 Lecture by Ge Rodio (Italy) on the Foundaticn of the Building "le Basilese Vita" in
Lugano, & Description of Modern Methods of Deep Foundation Construotion. (N-13)

2410=3410 Leoture by W. Loos (Germany) on Comperetive Studies of the Effeotiveness of Different
Methods for Compecting Cohesionless Soilse (M=5)

3,1C=3,:0 Motion Pictures on Modern Methods of Earth Dam Construction, with explanetory comments
by Te Te Enmappen and R. R..Philippe (Zanesville, Ohio).

3,1,0=3,50 Opening Disoussions by H. A. Mohr (Cembridge, Mass.), on Seotion B: Exploration of
Soil Conditions end Sampling Operations (B-9); end by Karl von Terzaghi (Austria) on

Seotion M: Methods for Improving the Physicael Properties of Soils for Engineering
Purposes (M-6).

11.00~5.00 General Discussion: Deniel E. Moran (reed by W. P. Kimbell) (B-10), E. W. Veughan
(B-15), W. S. Housel (F-2l), E. F. Bemmett (B-11), H. E. Russell (B-12), D. M,
Burmister (B-12), S. J. Buchenan (B-14), C. S. Proctor (Proposal for continuetion of
the work of the Conference see pe 5 )e

6430 Committee on Bearing Velue of Pile Foundations of the American Society of Civil
Engineers. Dinner Meeting. (BH-18)

8400=10.20 For Members and their femilies: Group visits to the Soil Mechanics laboratories of the
Messachusetts Institute of Technology and of Harvard University, with demonstrations.

Thursdey, June 25. Seventh Meeting.

Forenoon - L. F. Harza, presiding

9400-Goli0  Lecture by K. R. Kennison end Se M. Dore (Boston, Mass.) on the Quabbin Project of
the Metropoliten Distrioct Water Supply Commission, with speoial emphasis on thoee
features which were to be inspected by the members on the following day.

10,00=1C.20 Motion Pictures on the Construction of the Largest Hydraulio Fill Dem in the World,
at Fort Peok, Montena, with explanatory comments by G. A. Hathaway and T. A. Middle-
brooks.

10.20-11,00 Opening Discussions by J. D. Justin (Philadelphie) on Seotion Ki Ground Water Move-
ment end seepage (K-5); and by Fe A, Merston and Glemnon Gilboy (Cembridge, Mass.)
on Section Gt Stebility of Earth and Foundation Works and of Natural Slopes. (G-10 & 11)

11,00-12.00 General Disoussionm: De We Taylor (G-16), O. Stevens (K-9), J. Ehrenberg (G-1),
Te T. Kneppen (G=12), We P. Craeger (K-és, Te A, Middlebrooks (G-15), D. M. Burmister
(K-T).



Eighth Meeting

Afternoon -« John Rs Nichols, presiding

2400~2.1:0 Leoture by G. Beskow (Sweden) on Frost Action in Soils and Its Reletion to Highway
Engineeringe. (I-13)

2./;0=3.20 Motion Pictures on Irrigation in Mexico, with explanatory comments by F. Gomez-Pereze.

3420-%.50 Opening Discussions by A. Casegrende on Section J: Earth Pressure, (J=7); and by
C. A. Hogentogler on Section L: Problems in Highway Engineering, (L=9).

2450=5,00 General Discussion: K. v. Terzaghi (J-8), H, F. Winterkorn (L-10), R. D. Mindlin (J-9),

E. F. Bennett (L-11), J. E. Bs Jennings (J-10), D. M. Burmister (G-13), R. Tillmammn (F-19),
W. P, Kimball (F=22),

5.00-6400 ?pecial Meeting and Report of the Resolution Committee - Ce Re Young, presiding.
see pp. 6-7

8400=1Ce30 For Members and their families: Group visits to the Soil Mechanics Laboratories of
the Massachusetts Institute of Technology and of Harvard University, with demonstrations.

Friday, June 26, Excursion to the Quabbin Project of the Metropoliten District Water Supply Commission.

This trip wes arranged as a joint excursion with the Boston Society of Civil Engineers. Over one
hundred Members of the Cont'erence enjoyed the exoursion which was favored by pleasant weather conditicns.
While all construction details and the finished parts of the project were very interesting, particular
ettention was paid by the Members to the modern methods of earth trensportation, the construction of
rolled embankments, and all the details of the hydraulic sluicing process which is used for the con-
struction of the mejor portion of the dams. (see Papers No., Z-1l; end 2Z-15)

6e30 PoMy Farewell Dixmer in the Banquet Hall of the historio Longfellow's Wayside Inn at Sudbury, Masse.
Other Members of the Conference and the Ladiss had arrived at the Imm during the afternoon and
visited the antiques whioh Henry Ford has oollected to preserve the character of early American culture.
In spite of the fact that Henry Ford does not permit aleoholis beverages in the Wayside Inn (which
was not learned until all arrangements for the farewell dinner were complete) theore prevailed a gay
spirit throughout the evenings Frank E. Winsor presided during the after dinner addresses by F. E.
Sehmitt (pe 19), A. Agatz (p. 21), and K, v. Terozaghi (p. 22), When the President of the Conference
ended his address wishing "many happy returns to the Conference", enthusiastio applause refleoted the
thoughts of all present.

Saturday, June 27.

Joint Meeting of the Committee on Foundetions and Soil Mechanics of the Society forr the Promotion
of Engineering Education, and of the Committee on Standardizetion of Symbols end Conventions. (see
report on p. 258),

Sundey, June 28 to Tuesday, June 30.

A group of twelve Members, mostly from European ocountries, visited projects of the New Hampshire
State Highway Depertmente The visitors were particularly impressed by the excellent ridirg quelities
and the durability of the tar-surfece treated gravel roads which represent a large percentage of the
state highways. The construotion of such roasds was inspeoted in all its deteilse During this
excursion the visitors had ample opportunity to admire the scenic beauty of the White Mounteins.

Suggestions for the Continuation of the York of the Conferenoe and
Report by the Committee on Resolutions

At numerous informsl ocoasions during the Conference one heard the desire expressed that the
vaeluable work of the Conferonce end the splendid spirit of cooperation of its Members should be con=
tinued in form of en Intermational Organization and that plans be made for & second Conference to meet
a few years henoee.

The following proposael regerding the continuation of the work of the Conference was presented by
¥r. Carlton S. Prootor (New York) et the end of the sixth meeting, on June 2l;:

"It seems to me that this is the time to give some thought to the continuence of this Internetional
Conference, This grows out of a good deal of discusslion which was had today at noon, by varlous members
of the Conferenoe, and rather than bring the idea up at the last moment when hasty aotion might be
necessary, it seemed to & number of us thet it would be wiser to start the ball rolling at this time
to permit the opportunity for mature consideration and judgment.

I personally feel that this Internationel Conference marks a milestone in the history of engineer-
ing, that the papers that have been presented here, the cooperative spirit, the attitude of engineer
and research expert in giving to the engineering world suoh date and statistios as they have available,
and in contributing toward the development of this new soience, is such that we certainly must continue
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this efforte A groet opportunity will be lost if the Conforence is not continued.

It seems to me that there are various suggestions that might be put into aotion. One is that the
President appoint a camnittee to oonsider the whole matter of the continuation of the Conference.
Another suggestion was that a permanent intermational soolety be formeds In any event, there seems
to be e unanimity of opinion that some suoh intermational oconference of this kind should be held egein
within a period not exceeding two years, and that a great deal of additional data will be aveilable
within that time. The thought is that we are accumulating date and acoumulating records more rapidly
and more accurately than ever before, and that with the acoumulation of such date a permenent orgeni-
zation might be set in motion which would make aveilable to the members of the Confersnoe such papers
and reports as are received, in the form, say, of one of these volumes of Proceedings, issued about
onoce & years

It has been thought that because of the very excellent work being done, and because of the central
location, a conference of this kind might be held within a period of not exceeding two years in Holland,
if Holland desires to invite the Conferences That is certeinly an ideal location and there is certeinly
a great deal of excellent work being done there, as evidenoed by the splendid papers presented here from
Holland.

In any event, Mre. President, I would like to move at this time that consideration be given to the
continuance of the Conference, and that you appoint a committee to consider this matter and report to
the Conference, between now and the olose of the Conference, and thaet thereafter by action of this
group, the Conferenoe be continued on a basis either as an intermational society or as an informal groupe.
I would suggest that representative Chairmen of the verious countries be appointed to the Comnittee and
to discues the matter with other members of the Conference and report before we adjourn. I so moves"

The enthusiastio response to these remarks by Mre. Proctor led to the orgenization of a Commlittee
on Resolutions under the ohairmanship of Admirel Re. E. Bakenhuse In this Committee were represented
the National Committees of most of the countries which participated in the Conference. At the close of
the last meeting, on June 25, a business meeting was oalled to order under the cheirmanship of Professor
Ce Re Young in which Admiral R. E. Bakenhus read the following three resolutions which the Committee
on Resolutions had prepared:

Resolution Noe 1

Whereas the International Conferenoe on Soil Mechanics and Foundetion Engineering ceme into being
end oconduoted its sessions as a result of the initilative end generosity of Harverd University as a part
of its Tercentenary Celebration, and

Thereas the members of the Conference received unusual oourtesies at the hands of Harverd Univer-
sity and enjoyed its hospitality, and

Whereas the fecilities of Harverd University were made available to the sessiocns of the Conference,
and the Conference now having demonstreted its wvalue as an importent forward step in the progress of
Engineering

Be it resolved by the Conference assembled in meeting this 25th day of June 1936 thet the Confer-
ence express its thanks and deepest appreciation to Harvard University and that the Secretary be
authorized and directed to send & copy hereof duly signed by the President of the Conference and
attested by the Secretary, to President Conent of Harvard University.

Resolution No. 2

Baving in view the unqualified suocess of the Internetional Conference on Soil Meohaniocs and
Foundation Engineering, ouliminating in the meetings at Harverd University June 22 to June 26, 1936,
es the first Conference of the Tercentenary Celebration of Harverd University, and, having further in
view, the unusual initiative and labor upon whioh the preliminary organization and conduct of the
Conference in session were dependent, be it resolved:

That the thanks of this Conference in meeting assembled this 25th day of June 1936 be extended

To: The Committee on Organization of whioh Deen Harry E. Clifford of the Graduate School of
Engineering of Harvard University was Chairmen and wlthout whose support and guidance the Conference
could not have been helde

To: The President of this Conference, Dr. Karl von Terzeghi, professor at Technische Hoohschule
in Viemne and visiting professor at Harverd University, in recognition of his wisdom and guidance of
the affairs of the Conference, and particularly as he has given freely to the Conference and to the
profession from his wide kmowledge end experienoe such that he has been instrumental in the founding
of the new soience of Soil Mechanios.

To1 Dr. Arthur Cesegreande, Assistent Professor in the Graduate School of Engineering of Harvard
University, Seoretary of the Conference, in recognition of his leadership and initiative, of the
herculean task performed in the preparation for and in the oconduct of the meetings, of the editing o
the technical papers for publication, of the management of the business and routine affairs of the
Conference, and further through him to his able assistants, Mr. Philip C. Rutledge, Instruotor in the
Graduate School of Engineering of Harvard University, Treasurer of the Conference, and to lMre. John D,
Watson, Research Assistant in the Graduate Sohool of Engineering of Harvard University, who have
loyelly supported him in the heavy labors, and be it further resolved:
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That oopies of this resolution be forwarded by the Cheirmen of the Resolutions Committee through
the President of Harvard University to
Dean Harry E. Clifford
Dr. Karl von Terzaghi
Dr. Arthur Cesagrande
Mo Philip Ce Rutledge
Mr., John D, Watson

Resoluticn Noes 3

In order that the Internationnl Conference or Soll Mechanics and Foundation Engineering may con-
tinue as a permanent organization, be it resolved

a) That Dr. Karl von Terzaghi continue in office as President of the permanent orgenizationj

b) That Dr. Arthur Casegrande continue in off'ice as Secretary and also fill the office of Vice-
President;

o) That all who are members of the present Conference be entitled to membership in the permanent
organization; that additional members be admitted under requirements established by the International
Committee;

d) That the President take steps for the formation of an International Committee. Such a Committee
would be elected by National Committees where suoh Camittees exist, and where no such Committees exist,
the Presicdent would appoint provisional members, end such members would be urged to teke appropriete
steps within their own countries to organize local National Committees in cooperation with existing
societies or organizations, or otherwise to advise tho President what steps, if eny, are suggested for
him to take to encourage the formation of such National Committees.

e) Thet the President appoint en Executive Cammittee of which the President and the Secretary
shall be members, oomsisting of a total membership of five, and whose headquarters shell, for the
time being, be in Boston (Cembridge) Mass., or New York, Ne Y., and that the Executive Committee
shall be responsible for the conduct of the business of the Conference until & Constitution is adopted
or the Conferenoe shell direct otherwisee

£) That the second meeting of the International Conference on Soil Mechanics and Foundation
Engineering be called to meet at a time and place to be selected by the President with the advice of
the International Committee.

g) Thet each member pay ennual dues to be fixed by the International Committee. That provisicn
be made for membership in the Conference of organized bodies with dues as fixed by the International
Cormittees

h) That the President be authorized to accept contributions for the support of the Conference in
addition to dues of memberse

i) That the Secretary have oustody of the funde of the Conference, to be expended for the purposes
of the Conference as authorized by the President or by the Executive Committee until & permenent
Constitution may provide otherwisees

J) That at the next meeting of the International Conference the International Committee, or a sub=-
ecormittee thereof as the President mey appoint, present for the consideration of the Conference a Consti-
tution and By-lews for the permanent organizetion and government of the Conference.

k) That conflicting clauses and cases not covered by the foregoing clauses be left to the initia-
tive of the Exeocutive Committee with the approvel of the International Committee for decisiome

Resolutions No. 1 and 2 were adopted with hearty appleuse. Some discussion developed regarding
Resolution No. 3. It was suggested that the activities of the American Sooiety of Civil Engineers
in the field of Soil Mechanics would meke the existemse of an independent National Committee unneces-
sary. Finelly, Resolution No. 3 was voted upon, and with only one opposing vote, it wes adopted.

In Resolution No. 3 are contained all essential elements to insure the continuation of the work
of the Conferences At present, the principal efforts are directed toward the organization of the
International Committee which, in ocooperation with the Exeoutive Committee and the National Committees,
shall heve the duty to organize future Conferenoes, to assist in the organization of new National
Camnittees, and to expand and coordinate all ectivities into an International Society at suoh future
time as may become advisable to do soe

It is proposed that each country shall be represented on the International Committee by not more
than three members who shell be nominated by the respeoctive National Committee and where no suoh
Committee exists, three provisional members shall be eppointed by existing engineering societies or
organigations. It is further proposed that the Executive Committee with the approval of the Inter=-
national Committee, shall have the right to nominate one additional member without consulting the
respective National Cammittee.

The members of the International Committee shall communicate by correspondence, and decisloms
end other matters of general importence will be made available through the National Cammittees to all
persons interested in the activities of the International Orgenizatione
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Through the kind cooperation of Mr. Frank E, Winsor, Chief Engineer of the Metropolitan District
Weter Supply Commission of Greeter Boston, and of his Associates, the interesting and appropriate
excursion to the Quabbin project of the Cormission was made possible,

Mr. F. E, Bverett, Higlwev Camnissioncr of the State of New Hampshire, and his engineors, L. Fo
Johnson and Je O Morton, provided the opportunity for a pleasant and an instruotive inspeotion trip
through that State.

The following members of the Faculty of the Harvard Graduate School of Engineering, C., He. Berry,
Fe. Rs Ellis, Ge M. Fair, A, Haertlein and R. P. Siskind, have rendered vnlusble assistance in the
organization and technical arrangements for the Conference.

And last but not lsast the writer wishes to express his gratitude to his immediate associates,

P. Co Rutledge and J. D. Watson, who have worked tirelessly on the imnumerable tasks and the large
amount of routine work which preceded the Conferemces Particularly the preparation of the Proceedings
and their successful oompletion in so short a tims would not have been possible without their admireble
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Cambridge, Messe. Arthur Casagrende
October 1, 1936 Seoretary to the Conference
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ADDRESSES

OPENING RELARKS
Arthur Casagrande, Seoretary to the Conference

In the absence of the Chairman of the Cammittee on Orgenization, Dean Clifford, I have the honor
to open the first International Conference on Soil Mechanios and Foundation Engineering. On behalf of
those who have oonceived and planned this Conference, I extend to you our most cordial welcome.

The unusual significance of this day in the development of the oldest of engineering fields will
be shown later by Professor Terzaghl, the President of this Conference, in his opening address.

In these introductory remarks, I should like to point out that the organization of this Conference
was an adventure, or an equation with many unimowns. Those relatively few among the members who are
engaged in soll meochanics research have never doubted the urgent need for such a Conference, However,
it was evident that its success would depend essentially on the participation of engineers actively
engaged in foundation and earth work engineeringe The biggest doubt in our minds was the number of
practicing engineers who would be interested in attendinge.

Today, in the presenoce of this distinguished membership, whiech exceeds in every respect our boldest
expectations, I feel almost ashamed of my original lack of confidence. It is indeed a most encouraging
sign of the appreciation of the importance of this fleld and of the neocessity of its advancement that
we have with us as members of the Conferenoce a group of exeoutive engineers who apparently feel that
it is not sufficient to leave decisions in this diffiocult field entirely to their subordinate engineers,
and therefore have come here to inform themselves of the viewpoints of the specialist in Soil liechanios
and Foundation Engineeringe

With the opening of the Conferenoe, the Commlttee on Orzanization has fulfilled its function and
the Conference beocomes, so to speak, the property of its members. I carry out this transfer from the
Committee on Organization to the members with the hope that these meetings are only the beginning of
an organization which will continus to funotion in some form or other during future years.

In its essential features, this Conference may elready be called sucoessfuls I need only to refer
to the cooperation of the contributors to the Conference and to the resulting first two volumes of the
Proosedings whioh contein the fruits of their labors. These volumes contain a greater wealth of the
most advenced lmowledge in the fields of Soil Mechanios and Foundation Engineering than can be found
in eny engineering library., If we suooceed in evaluating these contributions and in bringing out the
supplementary information in the dilsoussions, which we all so much desire, then we must say that this
Conference has fulfilled its funotion well.

In closing I wish to express on behalf of the Committee on Organization, our thanks to the members
of this Conference for their splendid ocooperation in its organization, and I wish particularly to thank
President Conant of Harvard University for making it possible for the Conference to meet here. The
elaborate arrangements which you, Mr. President, have provided to make the members feel at home in this,
the oldest and most renowned University in the United States, are gratefully aocepted. In additiom, I
wish to express my personal thanks for all that the University has done during the past four years to
promote the advencement of Soil Meohanios.

It gives me the most sincere pleasure to present the Presldent of Harverd University: Dr. James
Bryant Conant.

ADDRESS CF WELCOLE
James B. Conant, President of Harvard University

Editorial Note: In his address President Conant weloomed the members of the Conference most cordially,
expressing his hope that these meetings might be very sucocessful and that the members might enjoy their
visit to Harvard University. He went on further to review in brief the history and development of
Harvard University during the three hundred years since its founding. His presentation is swmmarizoed
in the following sketch.

Foundaetion and Govermment. Harvard Collegze was founded by a vote of the General Court of the Colony
of Massachusetts Bay on Ootober 28, 1636.

On November 15, 1637, the College was "ordered to bee at Newetowne," and five days later the
General Court appointed the first Board of Overseers, consisting of Govermor Winthrop, Deputy-Governor
Dudley, four other magistrates and six ministers "to take order for a oolledge at Newetowme'. At
some time before the end of the year the Overseers acquired an eore and an eighth of land, the nucleus
of the College Yard, together with a dwelling house in whioh the College was opened during the summer
of 1638, On May 2, 1638, the name of Newtown was changed to Cambridge, in recognition of the English
university at which most of the Overseers, and many other leading oolonists, had been educated.

On September 1l;, 1638, John Harvard, a puritan minister and Master of Arts of Emmanuel College,
Cambridge, died at Charlestown in his thirty-first year. Half his estate and his library of over
four hundred volumes were left to the College. Consequently the General Court, on March 13, 1639, "
voted "that the colledge agreed upon formerly to bee built at Cambridg shalbee called Harvard Colledge .
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Under Henry Dunster, a Cambridge graduate, who was appointed President in August, 1640, the College
began to flourish. A course of study was established in the liberal arts similar to the course for the
beccalaureate in the English universities. A new building was ereoted, and the first class graduated in
142, The degree of Bachelor of Arts was conferred after four yeera! study; the Master's degree after
three years' post-graduate study, either in the College or elsewhere.

In order to give the College a corporate charaoter and a less cumbrous government, President Dunster,
who served from 1640 to 165, petitioned the Gemerel Court for & charter. The original doc¢umsnt, signal
by Governor Dudley on May 31, 1650, is preserved in the University Archives. The President and Fellows
of Harvard College - consisting of the President, the Tremsurer and five Fellows, and commonly called
the Corporation - were given perpetual succession by this Charter.

The Growth of the University. Although the sum of & 779 17s 2d bequeathed in 1638 by John Harvard was
spent rather than invested, by 1700 the gifts and income-bearing funds of Harvard University exceeded
its revenue from the State. In 1833 Harvard reoeived its last grant from any public body, and todey is
supported entirely by gifts and by invested funds totalling (June 30, 1935) over $128,000,000.

In keeping with this physlcal growth, Harverd Universlty has enlerged its aims. The College was
founded to provide a liberal education for embitious young men growing up in the New World, as well as
to train a learned ministry. The eleotion of John Leverett as President in 1707 - the first President
who was not a oclergymen - was & triumph for liberalism, and & step in the direction of intellectual
independence which Harverd has followed ever since. Before 1736 Harverd had sent forth 1,218 gradustes
to Massachusetts Bay, other colonies and the mother coumtry.

In its second century, 1736-1836, a period during which American culture begen to assume & definitse
character, Harvard acquired the name "University™ and esteblished separate sohools of medicine, lew end
divinity. The presidency of John Thornton Kirklend (1810-1828) is often celled "The Augusten Age of
Harvard," and in 1820 twenty-seven per cent of the entering Freshmen were from outside New Englende.

In the third century of its existence, Harvard University gathered momentum in scholarship end
further widened its intellectual horizon. Teaochers suoh &s Henry Wadsworth Longfellow, James Russell
Lowell and Louis Agassiz brought from Europe & fresh outlook which contributed to the growing idesa of
liberel education in America. During this period Presidents Josiah Quincy, Edwerd Everett, Jared
Sparks, James Walker and Cornelius Comway Felton presided over the institution. President Thomes Hill
(1862-1868) saw that the funotion of e university was to add to knowledge es well as to disseminate
ite President Charles William Eliot (1869-19C9), recognizing e growing demand of the cormunity,
brought to full flower the intellectual tendencies which had been gradually developing. He expeanded
elective courses (whioh had begun in 1825) into & system embracing e wide renge of subjects end at the
seme time developed the nmatiomvide service of the University. President Abbott Lewrence Laowell
(1909=1933) ocontinued this widening and deepening of studies through modification of the elective
system, the introduction of the Tutoriel System, the esteblishment of the Freshman dormitories and the
inauguration of the House Plan; and stood firmly even in times of great stress for & free end vigorous
intellectual atmospheree
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RELATION BETWEEN SOIL MECHANICS AND FOUNDATION ENGINEERING
Presidential Address
Karl von Terzaghi

Professor at the Technisohe Hochsohule in Vienna, Austria

The opening of this Conference is an event of unusual significance, It represents the first inter-
national oounocil in the perpetual wer of the oivil engineer against the treacherous forces of nature
ooncealed in the earth. Due to scatiered and world-wide efforts extending over a period of 25 years,
new and effiocient weapons have been forged and the prime purpose of our meeting oconsists in discussing
the means of exploiting the advantages thus seoureds For the saeke of brevity these recent developments
have been given the name of 80il mechanics. The transition from the olassical theories of the pre-war
generation to 8oil mechanloes 1s synonomous with a transition from a purely ebstraoct treatment of the
problams of soil behavior to one based on an intimate knowledge of the manifold and complex properties
of the different types of earthe The walidity of the older theories of earth pressure and earth resis-
tance was limited to ideal materials whose properties ocan be desoribed in five lines. However, in order
to desoribe the praotically important properties of earth such as nature has produced, one needs a
good-sized book. As a oonsequence, the older theories failed in & great number of cases of outstanding
practical importance. This, in a nutshell, was the reason for the necessity of a radical departure
from past practicee

Our meseting coinocides in time and space with the Tercontenary Celebration of the oldest and most
eminent institution of higher learning in the United States. Owing to the hospitality of Harvard Uni-
versity, represented by its president, Dr. Conant, the retrospeot over the glorious and soholarly past
of this University combines with the off'icial inauguration of & new and important field of applied
scienco.

Origin of Soil Mechanics. Ten years ago the investigations whioch led to this Conference still had the
ocharacter of a professional advenmture with rather uncertain prospects for success., This adventure be-
gen a short time before the war, simultenseously in the U.S.A., in Sweden, and in Germeny., It was
foroed upon us by the rapid widening of the gap between the requirements of canal and foundation design
and our inadequate mental grasp of the essentials involved.

In the United States, the oatastrophioc descent of the slopes of the deepest cut on the Panama
Canal issued a warning that we were overstepping the limits of our ability to predict the consegquences
of our actionss The ocolumns on dam=failures in the engineering magazines never oeasad to maintain a
feeling of uneasiness among those engaged in harmnessing the rivers of the country, and the visible ef-
fects of the settlement of heavy public buildings founded on materials other than bed rook demonstrated
also to the layman the existence of alarming gaps in our knowledge of so-called terra firma. To close
these gaps, the American Scoiety of Civil Engineers in 1913 appointed a Committee to investizate the
situation. The outstanding aohievement of this Committee, with Mr. R. A, Cummings as chairman, con-
sisted in a realization of the importance of expressing the properties of soils by mumerical values.
We oannot possibly utilize our practical experience to full advantage, unless the soils to whioch our
exporience refers can be recognized urmistakeably in other localities. Howsver, the final answer to
this problem of identification still remains to be found, although the progress in this direction 1s
very encouraginge.

In Sweden intensified aoctivities in soil researoh were induced by a series of unexpected and
catastrophio slides in the cuts of the Swedish State Railways, whish took a heavy toll of lives and of
capital, In order to eliminate the danger of the recurrence of similar events, the Swedish State Rail-
ways appointed in 1913 a Geotechnical Commission to investigate the degree of safety of the slopes
along the existing lines. During the ten years of its existence the Commission, headed by Prof.
Fellenius in Stookholm, developed some of the most important fundamental principles for our present
methods of stability computatiomns.

In Germany the construction of the Kiel Canal between the North and the Baltic Seas brought more
than one surprise to the engineers who built it. Prominent among the aocidents was the energetio out-
ward movement of & heavy quay well, solidly supported by a forest of wooden piles. The piles were
strong enough to support the wall, but the olay was not strong enough to support the piles. Therefore
the wall and the piles moved out as a unite The rapid growth of German harbors brought additional
variety into the stately colleotion of unsolved problems. Hence it was more than a mere accident that
the research wes started in the hydraulio laboratories of that country. The direoctor of the Prussian
hydraulic leboratories in Berlin, Mr. Krey, improved the existing methods for the ocomputation of the
pressure and the resistance of the earth in oonneotion with retaining walls and bulkheads. He suc-
cseded in developing a rational prooedure for oamputing the forces which aot on bulkheads, end fur-
nished important contributions to our knowledge of the shearing resistance of soils.

I myself, prior to 1912, worked as a superintendent of comstruction. Year after year, in the
Austrian Alps, in Transsylvania, end in Russia, I had ample opportunity to witness the striking con-
trast between what we expected when digging into the earth or loading it, and what really happened.
Deeply impressed by the fundamental futility of pertinent theoretical kmowledge, I ocame to the United
States and hoped to discover the philosopher's stone by mccumulating and eoordinating geological in-
formation in the oonstruction ocamps of the U.S, Reclamation Servioe. It took me two years of strenuous
work to discover that geologiocal information must be supplemented by numerioal data whioh can only be
obtained by physioal tests oarried out in a laboratory. The observations which I made during these
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yoars orystallized into a program for physical soil investigations which looked as if it oould easily
be carried out in one year, In reality the research aotivities axtended over a period of eight years.

Period of Transitions All these early efforts whioh were started before the war and oarried on by
isolated groups or by individuals had one important feature in common. They were still guided by the
intention to establish a science of soil behavior comparable to the soience of bridge design. The
major part of the ocollege training of oivil engineers oconsists in the absorption of the laws and rules
whioch apply to reletively simple and well-defined materials, such as steel or conorete. This type of
education breeds the illusion that everything conneoted with engineering should and can be computed on
the basis of & priorl assumptions. As a consequence, engineers imagined that the future science of
foundations would consist in carrying out the following program: Drill e hole into the ground. Send
the soil samples obtained from the hole through & laboratory with standardized apparatus served by
oonsoientious human automatons. Collect the figures, introduce them into the equations, and compute
the result. Sinoe the thinking was already done by the man who derived the equation, the brains are
merely required to seoure the oontract and to invest the money. The last remants of this period of
unwarranted optimism are still found in attempts to presoribe simple formulas for computing the settle-
ment of buildings or of the safety faotor of dams against pipinge. No such formulas cen possibly be
obtained except by ignoring a considerable number of vital factors.

Unfortunately, soils are made by nature and not by man, end the products of nature are always
oomplexs After a decade of memtal and physionl experimentation in the newly developed field, it be-
ocame obvious that the method of approach must be radically ochenged. The design of bridges and of other
purely artifisial structures requires only & lmowledge of mechanice. Theory governs the field and ex-
perience is a matter of seoondary importance except for that acquired over the drafting board. The
theoretical results can be depended upon, because the equations contain no important element of un-
certainty, However, as soon as we pass from stesl and oonorete to earth, the ommipotence of theory
ceases to exist. In the first place, the earth in its natural stage is never uniforme Second, its
properties are too complicated for rigorous theoretical treatment. Finelly, even an approximate
mathematioal solution of some of the most common problems is extremely difficulte Owing to these three
factors, the possibilities for successful methematical treatment of problems involving soils are very
limited. In bridge design, the theory provides us with ocertainties and eliminates the necessity for
observations on full-sized structures. In so0il mechanies the accuracy of computed results never ex-
oeeds that of a orude estimate, and the principal function of theory consists in teaching us what and
how to observe in the field., Whemnever we explore the natural soil by drilling a hole or by extraoting
& sample, we alter its state even before the direct contact between the soil and the tool is estab-
lished, and the effect of this change on the results of our tests can only be learned by experience.
The theories whioch we apply in order to meke the step from the test results to a numerical estimate of
the effect of our engineering operations are bound to be based on radically simplified assumptions.

The importance of the difference betwoen theory and reality ocan again be learned only by experience.

It depends to a large extent on the type of soile The Proceedings of this Conference contain a great
number of instructive exemples. Finally, a natural soil is never homogeneous. Its properties-change
from point to point, while our knowledge of these properties is limited to those few spots at whioch the
samples have been collecteds To get information on the importance of the error produced by our in-
adequate kmowledge of the deposits, we are compelled to compare the results of our forecast to those of
direct measurement in a great number of ocases. Owing to these facts, successful work in soil mechanjes
and foundation engineering requires not only a thorough grounding in theory combined with an open eye
for the possible sources of error, but also an amount of observation and of measurement in the field
far in excess of anything ettempted by the preceding generations of engineers. Henoce the center of
gravity of research has shifted from the study and the laboratory into the comstruction camp where it
w11l remain. The first fruits of this revised and essentially empirical attitude towards the problems
of earthwork engineering are assembled in the Proceedings of our Conference.

Progress Achieved. After I read these volumes, I could not help remembering an episode which occurred
some eizhteen years ago. At that time I spent several months in a systematio effort to make an in-
ventory of what we knew or believed we knew about the interaction between structure and eerth. For
that purpose I went through all the volumes of the leading Engllish, German, and French englneering
periodicals which had been published since 1850 and through all the textbooks whioh I could secure,
abstraoting all the articles and chapters relating to the subject of my investigations. This oooupa-
tion was far from being as profitable as I had hopede The abstraot which ocovered a period of more than
half a oentury contained less positive information than the two volumes of our Proceedings. Neverthe-
less, my efforts were fully compensated by an illuminating bird!s-eye view of the situation which pre-
vailed in the field of foundation engineering prior to the world war. Comparing this situation with
that oreated by the recent developments of soil mechanios, I notice the following changes: a vast
improvement in the quality and quantity of observation on full-sized structures, a rapid elimination
of the time~honored antagonism between theory end practice, and the replacement of blind faith in rules
and presoriptions by a refreshing demand for adequate evidence. I shall now try to present to you the
salient features of these recent developments and their praotical consequencese.

The Conflict between Theory and Reality. One of the outstanding impressions which I got while pre-
paring the abstraots of pre-war publicetions wms that of a steady deoline of the capacity for careful
observation efter the eighteen-eighties. Prior to about 1880 a surprisingly great numbsr of stimulat-
ing field observations were published by enginesrs. A few examples may suffice. The oldest editions
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of the English textbook by F, W, Simms on practiocal tumneling are full of valuable data drawn from
aotual experience in the early days of tunnel oonstruction through English clays. Some of the Frenoh
papers on the slides which ocourred during the constructlon of the railroad lime from Parls to Lyon
are masterpieces in the line of keen observation, and the description of the digcouraging experiences
during the construoction of the first German and Austrian railroads aoross regions of unstable subsoil
are still an inexhaustible source of information efter half a century. However, after the eighties,
the interest in observing and describing the whimsical manifestations of the forces of nature seemed
to fade out. I am inclined to explain this deoline by e growing confidence, produced by the inertla

of the human mind, in the theories ooncerning the behavior of earthe At the time whem the theorles
originated, their authors were still keenly aware of the bold approximations involved, end nobody
thought of accepting them at face value. As the years passed by, these theories were Incorporated in-
to the stock of kmowledge to be imparted to students during the years of their oollege tralining, where-
upon they assumed the character of a gospele Once a theory appears on the question sheet of a college
examination, it turns into something to be feared and believed, and many of the engineers who were
benefited by a college eduoation applied the theories without even suspecting the narrow limits of
their wvaliditye If the structures designed on the basis of these saorsd theories stood up, their be-
havior was oconsidered to be normal and not worth mentioning., If they failed, it was an act of God,
which should be concealed from the eyes of mortals, who might believe that the designer was poorly
grounded in theory. This unoritical attitude toward the problems of earth behavior induced a growing
resentment of those who had eyes to see against the theoretical textbook wisdom. Among the documents
of this justified resentment, I wish to mention a paper published in 1908 by the experienced subway
expert, Jo C. Moem, on the bracing of tumels and trenches, in the Transactions of the Amorican Society
of Civil Engineers. The contents of this paper and of the numerous discussions which followed left

no doubt ooncerning what the authors thought about the college attitude toward earth pressure problems.
It was not very complimentary.

However, the feeling of resentment egainst unwarranted generalization does not suffioe to trans-
form an accumulation of haphazard professional experience into a store of knowledge and of general use-
fulnesse. In order to accomplish suoh a transformation, three conditions must be satisfied. First of
all, there must be & generally accepted method for desoribing the soils to which the individual ex-
periences refer. Conventional terms such as "fine, water-bearing sand" mey mean almost anything be-
tween a loose acoumulation of small grains, incepable of sustaining an appreciable load, and a stratum
which is almost as hard as rooke The terminolozy must be based on mumerical values of some soil.
Otherwise it is worthless. Seoond, the observation methods must be reliable; otherwise there is too
wide & margin for interpretation. If en observer claims that a building did not show any signs of
settlemont, the struoture may have settled through a distanoe of one-tenth of an inch to four inches,
provided the settlement was uniform and the distance to the neighboring structure was appreciable.
Finally, the report on the observetion must be accompanied by & statement of all the vital factors
which were likely to have influenced the object of the observation. Otherwise the observation oannot
be used as a basis for & valid oconclusion. In order to satisfy this third reguirement, the observer
must be femiliar with the physios and mechanics of the observed phemomenon. Thus, for instance, no
valid conolusion oan be derived from the results of a settlement observation on a building oovering an
area of 100 by 100 feet unless we have at least reliable geological information conocerning the nature
of the subsoil to a depth of et least 150 feet. In one of the cases whioh I had under observation, a
building settled more than one foot owing to the compression of & layer of clay looated between & depth
of 100 and 130 feet below the surface of the ground.

Rationalized Observaetione Practically none of the above requirements were satisfied by the observations
of the pre-war engineers, because the knowledge of the physiocal properties of the soils and of the
forces exerted or transmitted by the water in the soil was by far too inedequate. Therefore the ig-
norance of the practicel engineers differed from that of the faithful textbook believers merely in kind
but not in profundity. A single example may suffice to explain what I mean. During my professional
career, I met a great number of practical engineers and of experienced contractors who honestly be-
lieved that the settlement of & pile foundation involving & load of 20 tons per pile should approxi-
netely be equel to the settlement of en individuel pile during & loading tost under 20 tons. Import-
ant decisions were based on this simple assumption. Yet, if we reelly measurse the settlements - end I
have done it very often - we find that the settlement of the pile foundation may range anywhere be-
tween five end five hundred times that of the individual piles The failure of experienced englineers to
know this oommonplace fact can only be due to en idiosyncrasy against measurements, combined with a
habit of misteking the absence of eny visible signs of settlement with the absence of settlement.

Owing to the feilure of the practicel englneers to produce a relieble code for the design of
foundations out of their own resouroes, the entagonism between dogmatic theory end insdequate experienoce
merely led to & state of stagnation which reached 1ts olimax in the first decade of our centurye How=
ever, the subsequent development of soil mechanics eliminated this state of stagnetion in a radical
fashion. The act of eliminetion started with an ettack on time-honored end sacred institutions such as
the olassical earth pressure theories, the pile formules, and the tables of safe bearing values of
soils. The attack left b heap of ruins with very little to replece them. Intensified experimentation
with soils led to the discovery of a whole series of physical factors of vitel importence which es-
ceped the attention of the investigators of the previous generations. Foremost among these factors are
those which determine the graduel increase of settlements at a constant load. The knowledge of the ex-
istence of these new factore made it necessary to rebuild the theories in accordance with our inoreased
Imowledge of the properties of the materisl. While building & theory ome is painfully oonscious of the
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approximations involved and of the gaps whioh it leaves efter it is finished. In order to make these
theories appliecable to actual ocases, it beoame necessary to observe the performence of full-sized
engineering struetures far more oarefully than it was ever done beforee. Thus the spirit of com-
scientious observation characteristic of the middle of the nineteenth century experienced & revival on
e very muoh higher plene. The visual inspection was supplemented by systemetic end precise measure~
nents, and the danger of fatel omissions was reduced by a superior knowledge of the physical nature of
the processes involvede This inauguration of a new era of direct and intimate oontect between the en-
gineer and his struoctures alone would suffice to Justify the time and labor invested in soil mechanios
during the brief period of its existence. Our theories will be superseded by better ones, but the re-
sults of conscientlous observetions in the field will remain as e permanent asset of inestimable value
to our profession. Whoever peruses the Prooeedings of this Conference cannot fail to be impressed by
the new spirit disclosed by the text and the diegrams of these volumes. The days of ebstract founda-
tion philosophy are gone forever. And so are the days of umwarranted generalizetions based on inade-
quate evidence.

Truth and Fiction in Textbook Engineeringe. The second outstanding impression which I received while
abstracting the englneering periodicals, eighteen years ago, was produced by my discovery of the com-
plete absence of what is cammonly oalled adequate evidence. As the years passed, one formule after
another appeared, and one rule after the other was advertised, but when I attempted to looate the em=
pirical evidence on which the claims were based, I found there was none or almost none. This para-
doxiocal faot leads us to one of the most importent tasks to be performed if our professional standard
is to be elevatede It consists in revising our attitude toward evidence.

In pure science & very sharp distinotion is made between hypotheses, theories, and laws. The dif=-
ferenoce between these three ocategories resides exclusively in the weight of susteining evidenoce. On the
other hand, in foundation and earthwork engineerirg, everything is called e theory after it appears in
print, and if the theory finds its way into a textbook, many readers are inclined to consider it a lew.
In order to find out to what extent a theory deserves its name, it suffices to dissolve it into its
principal camponents and to examine each one individually.

Every theory oconsists of three parts, a set of assumptions, & process of reasoning, end & finael
result. Since the validity of the reasoning can easily be verified, it suffices to ooncentrate our
aettention orn the first and last parts. BEach of these may be dissolved into words expressed by symbols
end figures. The first requirement for an aoceptable theory should be thaet the words have a definite
meaning. Many of the terms which are used in textbooks on foundetion engineering have a very vague
one, if any. In this oonneotion, the term "safo bearing value of piles” may be mentioned. Some eight
years ago & very expensive factory was esteblished on a whole forest of piles, between 60 and 80 feet
long. The meohinery erected in this factory wes extremely sensitive to unequel settlement. The bear-
ing capacity of the individual piles was most satisfactorye. Aoccording to all the textbooks and menuele
releting to this subject, the load or the piles was equal to or smeller than one-half of the sefe bear-
ing value. Yet the owner of the factory refused to share this opinion, beceuse some parts of his fac-
tory settled through a distenoce of one foote In western Austrie stands a post-office building with
oontinuous footings on a very compact bed of send and gravel, 23 feet thick. The building exerts a
pressure of 2.5 tons per equare foot on the grounde I do not know of any building code or of any text=-
book whioch does not contain & very much higher figure for the safe beering value of such a stratum.
Nevertheless, the settlement of the buildirg ranged between two and three feet. The same books which
inform the patient reader on the safe bearing values also contein instructive tebles with the values
of the coefficient of internal friction of fat and of lean olays and loams. Yet with some sklll and
experience in laboratory procedure, one can get almost eny specified friction velue for a given olay.
A score of other examples could easily be addeds

Considering these unpleasant faots, one of the first requirements for & clean-up in the field of
foundation engineering is insistence on a satisfectory explanation of the meaning of the terms. If a
theory cleims to furnish a safe bearing velue, or if it operates with the coefficient of internal frie-
tion of clay, one may as well stop reeding, unless the author expleins in deteil what he meens by these
terms.

The seoond requirement for an acceptable theory consists in the presence of adequate evidence for
the assumptions. If these assumptlons were obtained by a radicel simplification of reality, which is
the rule in connection with theories perteining to soils, the evidence for the results must be pre-
senteds Whatever evidence is avellable can be olassed into one of the following five categories:

(a) No evidence whatsoever;

(b) Evidence obtained by distorting the fects;

(o) Unbalanced evidenoe; that is, evidence obteined by eliminating all those facts which do not
sustain the olaim;

(d) Inadequate evidence, oovering the entire range of present knowledge, yet insufficient to ex-
clude the possibility of a subsequent discovery of contradictory facts; and

(e) Adequate evidence.

No honest business man and no self=-respecting scientist can be expected to put forth a new scheme
or a new theory as a "working proposition" unless it is susteined by at least fairly adequate evidence.
In any case, we expect him to inform us on the uncerteinties involved. Therefore it is surprising to
f£ind upon ocloser sorutiny that many of the accepted rules of foundetion engineering are based elther on
no evidenoce whatsoever, or on unbalanced evidence, and that the textbooks do not mention this serious
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falling. These rules seem to pass fram one generation of textbooks into the next one by a process of
diffusion, whereby the soruples regarding the inadequacy of the evidence disappear.

One of the popular assumptions for which there is no evidence whatsoever is the oclaim that the
coefficlent of internal friction of fine moist sand or of oley soils is identicel with the tengent of
the angle of repose, which again is supposed to be identical with the slope obteined by dumping the
material from a low trestle or out of & boxe In spite of repeated and convineing proofs of the in-
validity of this assumption, it continues to appear in textbooks and to mislead unsuspecting engineers.
Another oase of a dogma sustained by no evidence whatsoever is the assumption that the hydrostatic up-
lift exerted by the water in a concrete or in a olay acts over not more than one-third or one-half of
the area subjeot to uplifte. This assumption is based exolusively on personal opinion and mainteined by
majority vote. TYet it has a decisive influence on the design of important end very extemsive struotures,
including the highest storage dams. As soon as we attempt to verify this opinion by physical experi-
ments, such as those described in a paper in the second volume of the Proceedings, we find that it is
grossly erroneous. A third dogma supported by no evidence is the assumption of a definite relation be-
tween the angle formed by the plenes of shear in & cohesive soil and the angle of internal friction in
Coulomb's equation for the shearing resisteance of such soils., The fallecy involved in this dogma is
analyzed in an article of the first volume of the Proceedings. It invalidates the so-celled accurete
theories of the stability of slopes which are based on this fallecy.

As a clessical exemple of a prescription which is in part based on unbalenced evidence, and in
part on none at all, the Engineering News Formule may be mentioneds This formule is supposed to repre-
sent the relation between the weight and the drop of the hammer, the pemetration produced by the blow,
and the safe bearing value for the pile. The real meaning of the term "safe bearing value" is nowhere
defineds The numericel results furnished by the formula cen only be defended by wilfully suppressing
at least one-helf of the existing evidence. In the form which is intended to apply to piles which are
driven by a steam-harmer, the denominator contains a constent, 0.1, which originated in pure imagine-
tion. If we disocover that & commercial advertisement is based on such evidence, we call it bluff and
rejeot it. However, in the field of foundation engineering the critics are far more lenient. The
formula has been published over and over in texts and menuals without any warnirg to the reeder, and
it oontinues to represent an integral part of the majority of building oodes and of government regula-
tions. Another example of & conception artificially mainteined by means of unbelanced evidence is the
theory that the lateral pressure of the earth on the baok of a supporting structure should increase,
like a hydrostatic pressure, in direot proportion to the depth below ‘the surfece. This theory ori-
girated some 150 years ago. Under certein conditions, specified in ome of the papers of the first
volume of the Proceedings, the hydrostatic pressure distribution reelly existe., However, under other
oonditions of great praotical importence, such as those which exist on both sides of a timbered cut,
the distribution of the laterael pressure may be very different from that required by theory. Neverthe-
less, yoar after year, the dogma of the hydrostetic pressure distribution is handed out as gospel, and
oontradictory evidence is consistently ignored.

Grossly unbalanced is alsc the evidence offered in support of the claim that the settlement of a
building can be predicted from the results of one or of several small-scale loading tests performed at
the level of the base of the future foundation. For each case of evidence for this claim which has
thus far come to my attention, I oan quote at least two cases out of my own experience which contra-
diot it. Considering these facts, the academic merits of the underlying theory are utterly irrelevent,
because the empiricel arguments suffice to invalidate the claim.

In most cases the unbelanced character of the evidence is due merely to our inmdequate knowledge.
Into this class belongs the assumption that the results of properly conducted shearing tests on so-
called undisturbed semples of clay are always ldentical with the sheering resistence of the untouched
clay deposit. For many years I accepted this assumption until I ceme across severel cases which oon-
tredict it. This experience mekes it necessery to find out, by future observations, the limits of the
validlty of the original assumption.

I do not doubt that the majority of engineers adopt the suggested attitude towerd evidence in all
their business treanseotions. In case they should decide to introduce it ealso into their professional
relations to mother earth, radical ohanges in their attitude towsrd accepted rules could not fail to
oNsSue.

Qutlook. The skeptiocal attitude towards our conceptions, and the reediness to modify them in acocordance
wilth inoreasing knowledge of the material, must be considered the second outstanding achievement of
s0ill mechanicse By patient observation we have learned to discriminate between what we really lkmow and
what we merely believed. The amount of kmowledge susteined by adequate evidence is appallingly modest,
and the number of factors with a decisive influence on soil behavior is very much greater then wes ex-
peoted twenty-five years agos. The successful analysis of the reaction of the earth to changes pro-
duced by loading or by excavation was paid for by a heavy sacrifice of simplicity. Moreover, the
severe restrictions on further progress along purely theoretical lines have become obvious. One of the
most instruotive examples of these limitations is to be found in the theory of arching in solls be-
hind the timbering of cutse. The theory demonstrates that arching develops. It discloses the mechanics
of arching, and reveals the limits between which the distribution of the laterel pressure of the earth
may range. At the same time it leaves no doubt that the real distributlon of the pressure depends on
the method of oonstructing the timbering. Since we are not in a positlon to evaluate this influence

on the basis of abstrect reasoning, we are obliged to secure the required information by direct
measurement of the pressures in full-sized outs. We face a similar situation in almost every other
field of soil mechanios. Our advanced knowledge of the mechenics and physics of solls makes it pos=-
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sible to gresp most of the essential factors whioch govern the stress and strein and the equilibrium of
real earth. It has brought to us & realization of the extremely narrow limits of the validity of the
older theories, and informs us of the existemce of sources of danger whioh previously were hardly sus-
pectede Nevertheless, in order to make the step from the qualitative appreciation of what is going to
ooour to a quantitative forecast requires aocurate and systematic observations on full-sized struo-
tures,

Foremost among the souroces of error requiring thorough investigation is the difference between the
soll in its original state, and after it is delivered in the laboratory. In some cases the correction
for the errors produced by the effeot of sampling and handling can be made by computing the deformatiomn
of the subsoil for earlier stages of oonstruotion, and subsequently comparing the results with those
of direot measurement. The first volume of the Proceedings conteins a very instructive example for a
successful operetion of this kinde.

Sinoe we have achieved a reasonably clear conception of the possibilities and limitations of
future research, the function of this Conference is simple. It consists essentially in esteblishing
personal contaots between those who are interested in the subject from a theoretiocal or a practical
point of view, and in stimulating exchange of experience. Though it origineted not more than twenty-
five years ago, soil mechanics is already old enough to have acquired the modesty which springs from ex-
perience. We know today that nothing worth while can be accomplished in this discipline without the
intelligent and patient ocooperation of the practicing engineer in the field. Some of the most valuable
contrlbutions to the Proceedings are a direot result of such oooperation. For this reason, we are very
happy to welcome emong the guests of the Conference a great mumber of outstending executives end ex-
perienced oonstruotion engineers. Since these men owe their success and their professional standing
to a keen discrimination between reelity and fiction, I em sure they will eppreciate our feelings
against half-baked textbook wisdom, and assist us in getting down to tangible facts,

ADDRESS BY DANIEL E. MORAN
Vioe President of the Conference and Cheirman of its Ameriocan Committee

4s Chairman of the American Committee I can add but little to the eloquent addresses of weloome
you have just listened to. The Committee and the Officers of the Convention cannot but feel gratified
by the world-wide response to the invitations issued in the name of the great University whose guests
we aree These responses have come from engineers and soientists from all parts of the world, from our
good neighbors CUenade and Mexico, fram Cuba and the Republics of South America, from Great Britain, and
ten of the prinoipal countries of Continental Europe, from Africe, Asia and Australia, as well as from
the United States of Americae.

Without speoifio authority I may say that we as "members" end guests are greatly honored by having
been bidden to this conference sponsored by the oldest and greatest of American Universities, now
celebrating the 300th Anniversary of her founding. For you, Mr. President, we wish long and happy years
of service, for Harvard itself we hope and pray that she may continue in the future as in the past, free,
unbidden and unafraid, holding high the torsh of emlightment and leading men and women in the paths of
wisdom and knowledge.

The wide-spread and remarkeble interest in this Conference can be readily understood when the im-
portance and vital necessity of the subject is appreciated. For years, Engineers and Scientists have
studied, olassified and tested structural materials of all kinds. But all structures depend for sta-
bility on ocontact with some stress resisting solid material, a part of the Earth's Crust. The material
may be any ome, or a oombination of several of an indefinite number or kinds of material. The diffi-
culties in the wey of evaluating these different kinds of material, in determining the laws governing
their behavior, and in coordiaating results, seemed so insurmountable that until recent years no real
attempt, no practical start was made. True, some physicists, mathematicians, and engineers evolved
theories generally based on arbitrary, sometimes erroneous assumptions, but the results were of
questionable value in gulding engineers.: Until a few years ago little hed been done, and even now
little is generally known of the faots which have been developed by your efforts. As a simple example;
well-known text books, treating foundation design, now in common use define olay as "A general neme for
cohesive s0ils” and purport to give its physical, chemical and geological properties, (Hool & Kinne
Pg. 361-2--Toundation Abutments and Footings, 1923) but say no more about its structural properties
than Beker in 1889, who stated that "damp olay will squeeze out in every direction when a moderately
heavy pressure is brought upon it" (Beker Pge 190--A Treatise of Masonry Construction, 1889). Further-
more, these books recommend "as essential to the proper design of foundations the mecurate determina-
tion of loscal oconditions--the oharacter of the underlying strata-—and the meking of excavatioms or
borings" (Jacoby & Davis--Foundations of Bridges and Buildings,--Page 585, 1925) and then fall back on
the recommendations of Balker to determine the bearing capacity "by direot experiment, good judgment and
experience"” (Page 138); mever a word about s0il meohanics or what may be done with a boring sample or
the dangers of basing designs on inadequate or improper borings.

Until Terzaghl's articles appeered 1n the Engineering News I know of no published explanation, in
the English Language, of the underlying reasons for the consolidation of olay under increased loads.

Iwenty years ago the matter of foundation design was largely an art, the designers being guided
by unocorrelated experiences, rules of thumb, prejudices, and wild guesses, all made in the name of
®good practice". Today order and rationml designs ere slowly taking the place of ignorance and errore



19

The subject is of cardinal importance, it is a new field, virgin territory demanding that it be ex~
plored end mapped. You and your co-workers are the pioneers and to you the engineers of the future
must look for guidances

In oonolusion, may I quote the benediotion whioh appears at the end of the preface to the first
translation into English of the Principles of Euclid, This was written 66 years before the founding of
Harvard, by John Dee, astronamer, ohemist, methemetician, student of white magic, one time Professor of
Mathematics at the University of Oxford, and at one time standing trial for Witchoraft, who wrote, "So
I ocommit you unto God's meroyfull direction, for the rest: hartely besechying hym, to prosper your
Studyes, and honest Intemtes: +to his Glory, and the Commodity of our Countrey. Amen".

SOIL STUDY AND ENGINEERING
F. E, Sohmitt, Editor, Engineering News-Record

It 1s my very pleasant duty to express to those of you who have come from abroad the gretitude of
the American contingent for your coming here and giving us the benefit of your knowledge on the new
subject of soil study end soil engineering. I know that all the members of the Conference from this
country share my appreciation and are glad to have the privilege of meeting with investigators who in
distant parts of the world are laboring to throw lizht on its obscurities.

So1l knowledge is entering very practically into engineering operations in this country. Today
you saw a typloel example, but it is only one of many, and if you could take time to see all that is
being done within the United States in earth construction you would be impressed with the effort to
place this art on a foundation of science. All that you have done in your own laboratories and field
operations has been of help to us, and all your additional investigations will give further help. Need-
less to say, we hope that our own work will have similar value to you.

The Conferenoe that closes tonight is a unique oocasion. Few branohes of science or technology
ever grew to strength and prectical wvalue so rapidly, and I am sure that none was able at such an early
age to assemble its leading workers from all parts of the world or to show equal acoomplishmente. These
results, whioch grew out of the enthusiastio cooperation of soil study and engineeriag, give assurance
that ocontinued cooperation will bring still further progress.

We are meeting in the atmosphere of a celebration of the growth of lmowledge through study and
soience, the Harvard teroentenary. Thus my mind naturally turns to the unusual joining of secientifioc
and engineering study that 1s embodied in our new soil knowledgee And it is well worth noting that
the soientifio and technioal advance which you are helping to create deals with the oldest construction
material known to man, Earth has been in his hands and at the point of his working tools longer than
any other material of the constructive arts, yet none is so little knowm. Quite new materials, such as
steel, mineral oil, rubber and concrete, have been studied to highly useful effect; but esrth, though
it is 8o 0ld that plck and spade have come to be the very symbols of labor, still remains the subject
of empirieism.

And yet few things are more important to engineer and builder, for the largest share of the world's
investment in construotion is expended on earth. This oommonest and oheapest of all materials consumes
the contimuous labor of millions of men, and the expenditure of thousands of millions of dollars a yeare.
May we not reasonably expect that better kmowledge of its behavior, obtained through scientific study,
will benefit mankind? Experience in other fields shows that we ocan predict this effect with confidence.
It tells us that economy end efficiency will be gained through knowledge of the physical laws of soil
aotion.

On the face of the matter, nothing seems more poorly adeapted to scientifioc study than earth, ocom-
monly kmown as dirte We deel with it in excavation and embankment building, in foundation work, and
wherever the stability of the ground affeots us, whether on level plain, on hillside or on river bot-
toms. Engineers have to consider the flow of water through and over the soil; they are concerned with
changes of soil structure by consolidation, flow, compaction end loosening of texture, as well as with
the effects of weather and structural earth disturbanos. We should be able to profit from sclentifie
study in every one of our dealings with sarthe. We kmow that if we oan learn how to cut, or loosen, or
move earth more easily, human toil will be lesasened and much wasted expenditure will be saved.

Knowledge of the physiocal lews of earth action and the pramise of fuller knowledge has stimulated
study in remarkmble degreee. But it is only a begimning; we have a long distance yet to go. Today we
Imow little more than that soil is ever changing and that its ohanges in state are significant to the
engineer. Scmetimes a very minor change may have important oonsequences, as in the soil under a road-
way slab or a building foundation. We are beginning to observe and measure such ochanges, and are look-
ing forward to learning how to oontrol theme. Until much more precise lmowledge is obtalned, however,
we must content ourselves with the empiriocal judgment that normally the ohanges are of limited range
and that oconstruotion expedients can provide for their effects, more or less successfully.

Perhaps I am teking too much time to emphasize the simple and obvious faot that scientific study
of soil engineering is important. But it should be useful to reflect on why this study has been neg-
looted in the past, because this reflection may help to give better guidance for the future. We re-
member, of course, that virtually every structural material has beenr subjeoted to physical measurement
of its properties and their relation to service; but that whenever these processes of measurement were
applied to soil the result was a failure.
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It 1s beocause of this fact, no doubt, that the early study of the mechanics of soil made use of
mathematiocal fiotionss Set up to express what was believed to be the behavior of the material, these
fictions never acquired more than academio status, however, and engineers declined to acoept them fullye.
As experience failed to verify the teachings of these artifiocial meohanios they ignored it in their
praotical worke

The bulky but unimportant literature on pile driving is a demonstration of how thoroughly the aoca-
demio attack failede Nevertheless, by their mere persistence the fiotions and the mcademio analyses
won a place in the treatises of engineering that they still hold tenaciously. I oan reoall many hours
spent in reading books on retaining walls thet covered hundreds of pages with geometrical diagrams and
formulas but mentioned only two physioal facts (and these were not faotsl), namely the identity of
angle of friotion with angls of repose and the plane form of ths surface of rupture. Such booke,
which have stood as cormerstones of our engineering libraries for many decades, held back the birth of
a true soil science.

Let mo mention an interesting memory. Some time ago, when en ijmportant tunneling enterprise was
being developed, oertain ocaloulations of ground pressure and strength of lining were based on the
olassic doctrines of angle of repose and Rankine pressure, and it was concluded that the tunnel would
be most stable in exceedingly soft soil, & semi-liquid mud, but that if the soil should prove to be
stiff the tunnel would inevitably collapse. This was the strange mathematical conolusion; but the fact
of course is that the engineers did not really believe this deduction: +they used it to support an
argument, but did not use it as the basis of their design. They were too sensible to do that. They
designed and built an excellent tumnel, whioh has never oollapsed and is not in the slightest danger
of collapsing. But thls is so only because practical engineers kmow that our alleged science of earth
is false, and in important questioms do not allow it to mislead them. Unfortunately they do often al-
low it to mislead them in minor questions, as may be seen from the number of retaining walls, abutments
and wing walls that ere out of plumb and badly oracked. The earth back of the walls likes to ignore
the mathematiocal fiotions of the schoolroom.

Why is it, we are bound to ask, that the soientific treatment of soil as an engineering material
has remained so defective? Probably the chief reason is that the material is extraordinarily oomplexs
Beoause of this oomplexity, quantitative soil study in its modern phase made little progress until
true scientifio method was applied, about two decades ago. Your president did the decisive pionsering.
Working patiently and painstakingly, with simple home-made equipment of almost toy dimensions, he
singled out certain elementary properties, studied to isolate them from other variables, devised methods
for their measurement, and sorutinized these methods &s cerefully as physicist or astronomer, to eli-
minate errors and attain the desired degree of precision.

He soon found that old views and dogmas hod to be discarded elmost in their entiretye. At the
very beginning he sew that soils fall into two lerge clesses, the predominently granular soils and the
predoninantly cohesive and plestic soils, and so he worked with pure, uniform send and pure cley as
simple erch-typess He saw that their behavior--for exemple, as to compressibility--is essentielly dif-
ferent, and he recognized that this implies wholly distinot rroperties end experimental practicese

The striking success that attended his efforts is known to the world. Even a2t that time he recog-
nized that his simple types occur in neture but rarely, and that most soils are intricately complex
and composite; but leaving these to the future, he leid a secure foundation of purpose and procedure
for the development of e knowledge of simple soils. Today we have before us the fruits of the movement
which he initieted and which quickly drew world-wide interest and vitalized the prior thoughts and
work of & number of others. Measurement of the mechenical properties of simple soil types has pro-
gressed far, and in addition the methods have been applied to practical work in many composite scils,
though in general scientific study has not yet entered this field.

So much for what has been accomplished up to the present; now e moment's thought as to what lies
ahead. We lmow that soil as & oconstruction material is & problem not only to the engineer but elsc to
the scientific researcher, and that to both of these workers it is en exceptionelly complex and dif-
fioult problem. If we will take & moment to consider the difficulties that confront them we may better
understend the nature of their ooming tasks,

Exemination of eny soil samples from different locations reveals at once an extreaordinery varie-
tion 1n characters Soil is seen to be a multi-phase material, one that comprises solids, colleid gels,
liquids and gases in infinite range of varietion. Up to now it has escaped clessification; it ma.y
always do so. Again, up to now we cammot say which of its properties ere significant; we have hardly
grasped, or even listed, the fixed dete that determine its behavior., Its qualities depend much on its
consistenoy--and this term is quite as elusive when applied to so0il as when applied to mortars end
conoretese It exhibits such effects as stickiness, slipperiness, susceptibility to sudden change--as
in melting or ceking, or in failure of cohesion. Its changes of state aré as importent as its pro-
perties in any one stete; in fact little use can be made of datae on its charecteristics in only e
single state.

The modifying influences that effect the behavior of so0il include mechanical, chemicel, thermel
and doubtless also electric trestments Weather affects soil greetly, Tidal influence appears to be
importent in some cases; at least we have the suggestive observation that the subsoil of the Hudson
River carries the embedded tumnels up and down by & minute amount during the tidel cycle. Tectonic,
seismlic and other extraneous forces may disturd it, as well as the actlon of vegetation, of time, and
of various forms of life, from burrowing muskrat to mioroBrgenisme Finally, verious ohanges may be
brought about by intent, as by ocompection, loosening, addition or subtraction of moisture, incorpora-
tion of bituminous or chemical binders, flocculetion end dispersion, and doubtless other possible effects.
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But most of ell we are confused by the infinite variation of soils as nature has made them. No
one clasa or type of soil ocan be said to exist in two locations, and this is the prinoipal reeson why
attempts to classify soils have failed except for limited usese Indeed, the defirition of soil must
probebly always remain statistical in its nature, and we may haeve to reconcile ourselves to expressing
soll oharacter by broadly approximete statement of averages. Of course the erratio varietion repre-
sented in stratification, lens struoture, end moreinel or delta-deposit heterogeneity, lies beyond
even such form of expression.

I think you will agree with me that under such circumstences we oan never hope to see the appli-
cation of scientific results to engineering accomplished by formules. It cannot be an exact rroucedure,
Soil study mey furnish some broadly generalized conolusions, but beyond this the practicel use of soil
knowledge is bound to remain an engineering operation. The developed art, in short, will differ funda-
mentelly from the precise methods of design and precalculation which we have been able to follow in
other engineering prectice. Dr,. Terzeghifs opening eddress aptly characterized the futility of atteck
on the engineering probiems of earth by formule. And this suggests that there is a sharp division of
function between the soil scientist and the engineer, and that while the two should cooperate they will
in the main have separate fields of action.

It has been said that soil research has moved from the soientific laboratory to the construction
campe The statement picturesquely characterizes the current activity in soil engineering, but actually
it is true only in a limited sense. There is a vast amount of basic seientific work remaining to be
done on soils, and this is wholly the responsibility of the scientist's laboratorys.

Consider whet it is that we will demend of the scientiste We will expect him to study simple, de=-
fined soil types; to identify their properties end devise memsurements for them. We will look to him
for a olassification of soils, based first on laboretory behavior alone, then if possible also on field
factse He wlll have to study so0il behavior and the factors inf'luencing it; assist in developing methods
of field sampling, test and verification; esteblish laws of soil constitution, soil properties and
their modification, progressively bringing these lews if possible to apply to all defined soil types.
The soientist will be concerned with the stetics, the dynamios, the physical chemistry of soils, and
perhaps also their electricel reactionse Still greater problems mey be revealed as his work goes forwards.

On the other hand the engineer has equally large taske in the field of soils, as the experience of
the last half dozen years reveals. It is his responsibility to utilize the scientist's facts and con-
clusions, modified and applied as the veriation of practical factors dictates; to edapt scientifiec
measurements to the oruder conditions of practice; to devise new meens for utilizing or counterecting
specific properties of earth and to improve the old ones by invention based on scientifie principle; to
adapt his tools and structures to the laws of dynamic behavior explored by the scientist in his labora-
tory. And finally, he has the associated responsibility of exploring the characteristics of soil, its
variation end structure &s found in nature, and reporting the phenomena that will be the raw meterial
of further researche In short, his work if well done will from month to month esteblish a new sterting
point for scientific studys Of course he muat also serutinize his own work at every step, test his
methods and construotion procedure by the most edvenced scientific understanding, and wherever possible
support the efforts of the soientist by full-sized job experimentation.

Since these highly importent but separate lines of work must be carried on, it is gratifying thet
soientists and engineers both have entered into soil study snd that they have joined in this first
Conference. Up to the present they have worked in close cooperation and used the same language, and
this cooperetion unquestionebly will continues For some time to come, also, we may expect that it will
be as intimete as heretofore. But when the point is reached where soil science tekes up the more funde-
mental aspects of its problem the two groups are certein to diverge in their ectivities--though, it may
be hoped, without oceasing to cooperate.

In sumery, then, I wish to express the convietion that as the work of the soil soientist departs
from that of the engineer their continued cooperation and exchange of thought will become progressively
more essential, for it is omly by aid of such exchenge that soil kmowledge can advence as it should.

It is to be hoped that this Conference will mark the begirming of organized interection of the two
workers, and that through the formation of active national groups concerned with soil mechenics and
soils engineering en efficient means of cooperation and interchange may be cresteds With such a struc-
ture, centered from time to time in internatiocnal conferences of the kind just concluded, the vigorouse
8pirit of research and progress evidenced here is certein to build a new scientific art whose results
will have large meaning to human progress.

FAREWELL ADDRESS
Dre Inge A. Agatz, orde Professor. Technische Hoohschule, Berlin

At the end of the First Internaticnal Conference on Soil Mechanics and Foundetion Engineering, I
would like to ask your permission to sey a few words to you in the name of all the foreign members:

We have followed the oall of our President, Dr. Karl von Terzaghi, and we have come to your
country from all over the worlde The aim of this Conference wes to lay a foundation stone for a future
cooperative work in this field of Engineering, which I hope will be successful in all countriese.

Already at New York we have been received by the American Society of Civil Engineers and by the
Harvard Engineering Society and greeted in the friendliest manner. We were given then the opportunity
to get an impression of the importence of the wonderful engineering structures of New York and of the



22

beauties of its charming surroundingse.

The same cordiel hospitelity was extended to us in Cambridge. Some of us oould feel younger and
were reminded of our own student days, as we ocouplied the oomfortable student quarters reserved for us
et Harvarde During the many excursions and on all other occasions every possible friendly attention
was shown to us. Everyone of us will return home strongly impressed by the American hospitality.

A good remark was made during yesterday's meeting by Mre Cuperus, when he said that the lnterest
of the foreign members in the Conf'erence was in an inverse relation to their number. I believe that
one could write a further equation: +to obtain the interest of the foreign members in the Conference,
one should multiply their number by the distance they had to travel.

After our last official meeting tonight some of us will remain for some time longer in other parts
of your beautiful country with its wonderful engineering works. We shall then return to our homes, im=~
pressed by all that we have seen and bearing with us the most charming recollections.

We have the sincere desire to express now to you all our warmest thanks for your hospitelitye. We
wish to you and to your country the best in everything that one could wish, and we hope that we will
all meet agein at the next Conference.

CLOSING ADDRESS OF THE PRESIDENT
Dr. Kerl von Terzaghi, Technische Hochschule, Viemna

In his stimulating eddress, Mr. F. E. Schmitt mentioned my own modest shere in arousirg the in-
terest of the engineering profession in the subject of this Conference which terminates todey as pro-
misingly as it sterted a week ago. It was Mr. F. E. Schmitt who established some fourteen years ago
the first contacts between my primitive laboratory in Constentinople and the Americen world of Engineer-
ing. About six years later he wrote me that he had tried hard to adapt my methods of presentation to
the needs of the average engineer, but thet his labor of love seemed to have been wasteds His appear-
ence as a speaker at this table seems to indicate that he later chenged his opinion. Otherwise we
would not have the benefit of his stimulating company.

When Professor Cesagrende informed me last summer of his intention to organize an International
Conference on Soil Mechanics and Foundation Engineering, I felt very pessimistic about it and I lmow
that Mr., Sohmitt shared my gloomy premonitions. We both believed that the time was not yet ripe for
such a daring adventure. However todey, at the close of the Conferemce it is plein that Casegrende, in
his youthful optimism, saw very much clearer than we.

First of all, the Conference gave us & bird's=eye view of the activities in the field of our en-
deavours, which could not possibly have been otherwise obteined. Although I never failed to keep in
close oontaot with new developments, I wes amnzed at the wealth of useful information which had escsped
my attention, end I am sure that all the other members feel the same way ebout ite The second outstend-
ing echievement of the Conference is that it has given & powerful impetus to further observetion and
researche

This impetus 1s essentially due to the enthusiastic co-operation on the part of the delegates of
twenty different countries scattered all over the globe. This joint effort represents one of the most
inspiring menifestetions of international co-operation I have ever experienced. Therefore I wish first
of all to express to the delegates of the foreign countries my heartiest thanks end apprecietion.

Aocording to the olassifiocation proposed by Mr. Sohmitt in his address, the members of the Con-
ference can be divided into three groups. The first one includes those executives and practicing en-
gineers who acocepted our invitatlon for the purpose of surveying the field and for the purpose of learn-
ing something new and useful during the discussions. The second group consiste of those who practioce
the methods of soil testing in the field in connection with individual, practical problems and the
third one oomprises the men engeged in laboratory researchs On account of the divergence between the
interests of these groups, I wish to say a few words to the members of each group seperately.

The practicing engineers who attended our Conference witnessed not without disconfort the finsl
destruction of many of their cherished illusions regarding the value of the methods of estimating bear-
ing capaoity of the earth and of piles. They could not fail to notice a growing scepticism egeinst the
applicetion of simple and ready-made formulae to the design of foundations. Therefore they are en-
titled to ask what they are going to receive in exchenge for the lost treasures. The answer is simples
Soil Science offers medical service based on sound though very fragmentary kmowledge in exchange for
the service of the medicine-men.

The Proceedings of the Conference oontein a great number of examples of the type of medicel service
which Soil Science is able to offer. To illustrate this statement I select an example at random. It
is the paper which was read by Professor Gilboy about the settlement of earth fills on & stratified
subsoil, If the traditional medicine-man has been trusted with the investigation of the subsoil of
one of the f£ills described by Dr. Gilboy, he would have made & loading test on an area of one square
foot, neetly trimmed and prepared and forty-eight hours later he would heve presented the prospective
owner of the dam with a magic figure: The safe bearing value of the soil. Under this system there were
two possibilities. Either the f£ill stood up to the satisfaction of the ovmer, whereupon the reputation
of the medicine-man for achieving very useful results with surprisingly simple meeans still further in-
oreasede Or else the embankment feiled. In this case the inoident was, if possible, passed over in
silence, because everybody felt guilty to some axtent without being able to find out on which part of
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the entire operation the failure should be blameds In contrast to the medioine man, Gilboy and his
associates labored for many weeks in an effort to solve their problem, and I feel sure that few among
you failed to be impressed by the results of his worke He wes able to predict not only the magnitude,
but also the time rate of settlement over a period of many monthe with a striking degree of accuracy.
Twelve years ago when I derived the fundementel equation for this procedure I would have considered
such an achievement almost impossible owing to the teohnical difficulties involved. And many things
which we conslder impoésible todsy, at the meeting of our first Conference, will be ecormonplace ten or
twenty yeers hence.

However, in spite of our promising start, there is no doubt about the magnitude eand the difficulty
of the work which still needs to be accomplishede. Foremost among the urgent investigations ranks the
painsteking observetion of full-sized structures the world over, end the comparison between the ob-
served facts with what was predicted from the results of the soil investigations. In order to accum-
lete the knowledge required to handle successfully unusuelly difficult and novel problems, we must
never oease to increase our skill end experience by a scientific analysis of what oen be observed in
oonneotion with current engineering operations. In this as well as in meny other respeots we fece the
same situation as the physioien does. Suppose & millionairs or a leading statesman falls seriously ill
and wants to be cured of his ailment. All his money and all his influenoce would not suffice to restore
his health unless the physiocian had previously aoquired +he necessary experience by conscientiously
dealing with the diseases of oountless humbler patients. In this analogy, the millioneire represents
our unique and expensive engineering struotures such as the construction of high dams on a compressible
and permeable base or the foundations of buildings similar to that of the Soviet Palace in Mosoows The
humbler patlents correspond to the average run of building construction.

The data required to prediot the performance of foundations and for a scientifiec analysis of ob-
served phenomena must be provided by the labors of the members in the second group of Schmitt's olassi-
fication. They are building the solid base for our science and nothing could be accomplished without
their conscientious co-operation. To be sucoessful in their work, they need first of all a thorough
grounding in physics, and second, an inquisitive attitude towards the ultimate purpose of their tests.
Otherwise investigation degemerates into a habit, comparable to the plous act of an o0ld peasant woman
who was {ound absorbed in prayer, while kneeling in front of a mile-stone on & mountain road. When &
passing tourist asked hor whioh saint this stone represented, she replisd, "I don't know, but he is
certainly good for something.”

The enswer to the question concerning the purpose of the soil tests can only be expected from the
members of Schmitt's third groupe. Whetever progress we have achieved thus far orlginated in the labora-
torye Yet living in an atmosphere of splendid isolation in their laboratories the members of this
group are naturally inclined to underestimate the limitations of the validity of purely logioal reason-
ings Since I was for many years in a similar position, I wish to give them the following advioce drawn
from my personal exporience. If they camnot resist the temptation of inventing a new theory they
should conceal their product in their files until their conclusions are confirmed by emple evidence ob-
tained from laboratory exporience, because even then, with respeot to practical application, their re-
sults can only be oconsidered interesting possibilities, subject to subsequent confirmation by observa-
tions on fulle-sized structures. Premature publication of a theory may force its author to defend his
thesis as the philosopher Hegel defended one of his physical deductions. Yhen a physicist of the ex-~
perimental type who attended the lecture dared to oleim thet Hegel!s statements were in contradiction
with the observed facts, the philosopher proudly retorted, "The worse for the faots." In the realm of
pure soience such an attitude oan be considered good sport. However when applied to engineering the
expenses involved in the sport are likely to be excessive.

The most effiocient remedy againset debauch in the line of theory consists in an intimate contact
with the men in the field. In order to establish such a contact on a world-wide scale, our Conference
was organized. For the benefit of those who are not familiar with such organizations I wish to say that
eaoh one oconsists of two partse

One part is supposed to get its meala at regular hours, to be clean and shaved and to get a
reasonable amount of sleep. When appearing before the audience this part of the organization is ex-
pected to produce the erroneous impression, that the show was staged wlthout any serious effort, This
impression should serve to encourage the calling in of another conference through the initiative of
those present. This part of the organization is oalled the President. .

The seoond one hes the ominous title "Committee on Organization". Since I never served as a
member of a Committee on Organization I can only tell you what I saw during the last six months. The
unfortunate members of this Committee worked evory day from 9 aem.s to 2 aems, seven days per week, They
sacrificed soul and body to what you experienced as organization, end they discarded the fact that they
are human beings. During a period of six months they not only handled the orushing amount of routine
work connected with the Conference, but in addition they developed the most successful plan for running
the Conference which I have ever seen in operation. It is§ certainly astounding that they survived the
ordeale Through their personal saorifice they have contributed more towards stimulating universal co-
operation in our field of endeavour, than any amount of printed material could have accomplishede There-
fore I oannot think of any more appropriate close for this address than to propose a rising vote of
thanks to Casagrande and his assooiates.



