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F O R E W O R D

General Ramarks. The unexpectedly large number of contributions to the Conference and the fact that the majority of au­
thors, particularly of some of the most valuable papers, have partially disregarded one or the other of the conditions 
for contributions to the Conference, have made the work of the Editorial Board very difficult. Sinoe the majority of 
papers arrived after April 15th, and this volume had to be ready by the middle of May (to make it possible for partici­
pating members from Europe to reoeive their oopies before their departure), the resouroes of the Editorial Board and of 
its clerical staff have been taxed to the limit in preparing the volume for publication. The short time available made 
planograph reproduction the only possible method to use. The reader's indulgence is requested for mistakes that may 
have ocourred. The Secretary .of the Conference will greatly appreciate being informed of neoessary corrections. All 
corrections will be included in the last volume of the Proceedings.

It was soon realized that it would he physically impossible to publish in so short a time all papers submitted. 
Therefore, it was deoided to print about one third of the contributions in a second volume, whioh is to be ready just 
prior to the Conference. Volume II will oontain the entire Seotion "A", whioh comprises all "Reports from Soil Meohaniss 
Laboratories on Testing Apparatus, Technique of Testing and Investigations in Progress". In addition. Volume II will 
include contributions which were delayed in their arrival, and papers which so grossly oonflioted with the condition» in 
regard to length or language requirements that it was necessary to request the authors to submit them in a revised form. 
Volume III, containing the Discussions and additional contributions of speoial merit, will not be printed before August 
of this year«

The order in which the papers are printed essentially coincides with the order of arrival. In some instances it 
was chosen for technical reasons to facilitate and speed up the preparation of this volume. Papers whioh represent con­
tributions to more than one section, if submitted as one unit* are classified in that section to whioh the oontributian 
seemed to add most. The last section oontains chiefly papers which, for technical reasons, were not ready for printing 
at the time the respective sections were closed. In the editing of the papers only important mistakes in syntax or the 
use of words, whioh might lead to misunderstandings, were corrected.

Discussions» This volume will reach most of the Members sufficiently in advance of the Conference to permit study of 
the contributions and preparation of discussions. It is particularly desirable that Members, (and also non-members)who 
have not contributed papers to the Conference and who have had extensive experience in one or the other of the subjeots 
covered by the Conference, participate in the discussions, either in oral or written form. Written disoussions must 
reach the Secretary not later than August 1, of this year.

A brief introductory remark should clearly define the subject of the discussion. It should be stated whether addi­
tional information is furnished of a nature not yet presented in the contributions, whether the information supports and 
supplements material already presented, or whether the discussion oontains information that contradicts statements con­
tained in a paper. In the latter case all differences in the conditions, particularly as to the character of the soil, 
should be emphasized, to permit a reader to formulate his conclusions.

All discussions should be specific, presented in a concise style, and must not exceed 1200 words. It is requested 
that generalities (complimentary remarks or otherwise) be omitted.

Complete Papers have been submitted by only a limited number of authors. It is, at present, not possible to say which 
of the contributions, contained in this volume, will be available in a more detailed form. Authors were requested to 
send one copy each of their complete papers, in English, French or German, to the following addresses »

1) Professor F. Schaffernak, Tachnische Hochschule, Vienna, Austria
2) Mr. Aage Bretting, Chief Engineer, Christian! k Nielsen, 77 Raadhusplads, Koperihagen, Denmark
3) Mr. G. Tschebotareff, The Foundation Soils Research Laboratory, Egyptian University, Giza-Cairo, Egypt 
U) Dr. Oscar Faber, President of Structural Engineers, 10 Upper Belgrave Str., London S.W.l, England
5) Mr. K. Langer, Laboratoire d'Etude du Sol et des Fondations, Ministere de 1'Education Nationale, 12 Rue 

Brancion, Paris XVe, France
6) Professor A* Agatz, Technische Hochschule, Berlin, Germany
7) Mr. Giovanni Rodio, Corso Venezia ll|., Milano (3) Italy
8) Professor N. M. Gereevanoff, Soljanka, 1. "WJOS", Moscow, USSR
9)àl0) Two copies should be sent to the Secretary of the Conferenoe, U. S. A.

These addresses represent the centers from which the full papers may be borrowed. It is evident that such oenters 
could not be established in every country. However, it is believed that their locations are conveniently chosen.

It is suggested that Members and Absentee Members of the Conference or other interested persons who wish to borrow 
such papers, should send their request to the nearest of the above addresses. It is urgently requested that these pa­
pers should not be kept longer than one week, so that as many as possible may have an opportunity to study them prior to 
the Conference. Their primary purpose is to stimulate the contribution of discussions. Arrangements will also be made 
to permit the loan of these papers to interested persons after the Conference.

Cost of Proceedings. In view of the faot that the printing costs for the entire three volumes will be more than double 
those estimated, the Committee on Organization has decided that the registration fee for Conference members applying af­
ter May 15, 1936 shall be ten dollars, and that this shall also be the price for sale of any sets of the Proceedings 
which may remain after all the members of, and contributors to, the Conferenoe have been supplied. Contributors of pa­
pers to the Conference, who are not members thereof, may purchase one set of the Proceedings for five dollars but must 
pay ten dollars per set for all additional sets desired.

Reprints. Many requests for reprints have been received. On account of technical difficulties, particularly the large 
variation in number of reprints desired, they cannot be printed at the same time as the Proceedings, but will be ordered 
after the Conference. A notice will be sent to all contributors informing them of the cost of reprints.

Cambridge, Massachusetts EDITORIAL BOARD

May 51 1936 Arthur Casagrande

Philip C. Rutledge 
John D. Watson
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of the LocOcŝ at Vreeswijk Resultant on the Sinking of the Groundwater. /
W. H. Bririkhbrst (Netherlands) * 115-119

The National Theatre Building and Efforts made to Prevent its Further Sinking^
Jose" G. Ledesma (Mexico)1 j 119-123

Section G: STABILITY OF EARTH AND FOUNDATION WORKS AND OF NATURAL SLOPES

On Bank Slides in the Whangpoo River. Wang Yen (China) 124-133

The Control of Landslides. Robert G. Hennes (U.S.A.) 133-135

Foundation Investigation of Fort Peck Dam Closure Seotion. T. A. Middlebrooks

(U.S.A.) 135-145

Uplift Pressure on Weirs of Simple and Complex Designs. E. MoKenzie Taylor and
V. J. Vaidhianathan■ (India) I2j6-149

Determination of Groundwater/ Tensions: A Necessary Element in Investigating
the Stability of Slopes. G.' H. van Mourik Broekman and A. S. Keverling Buisman
(Netherlands; I5O-I56

Critical Height and Factor of Safety of Slopes Against Sliding. Karl v. Terzaghi
(Austria) I56-I6I

Stability of Slopes of Natural Clay. Karl v. Terzaghi (Austria) I6I-I65

Seotion H: BEARING CAPACITY OF PILES

Theory of Lateral Bearing Capacity of Piles. Paul E. Raes (Belgium)

On the Computation of Piles! Based on the Theory of Axial Impact.
A. A. Kanschin and A. AT^iutalcsw (USSR)

166-169

169-173



* 1-1

J 1-2 

'I-3

* J-l

M J-2 

^ j-3

M «*“4

V J-5

V K-l

V K -2

^ K-3 

^ K-4

V L-l

V  L-2

V L-3

v L-4

• V L- 5

V l-6

j  H-3

(Seotion H Continued)

The Carrying Capacity of Piles as Computed from Pile Loading and Pulling Tests. 
C. Franx (Netherlands) 173-180

Page

Section I: PILE LOADING TESTS

The Predetermination of the Required Length and the Prediction of the Toe
Resistance of Piles./ Submitted by Laboratory of Soil Mechanics, Delft (Netherlands) 181-181+ 

i

Pile Loading Tests at Zwijndrecht, Holland. G. C. Boonstra (Netherlands) 185-194-

Records of Some Pile Tests in Shanghai. S, E, Faber (China) 194-199

Section J: EARTH PRESSURE AGAINST RETAINING WALLS, EXCAVATION SHEETING,
TUNNEL LININGS, ETC.

The Distribution of Normal Pressurej'on a Retaining Wall Due to a Concentrated 
Surface Load. M. G. Spangler (U.S.A.) ^

The Correlation of Soil Mechanics Studies with the Design and Construction of 
Retaining Walls^ Robert F. Legget (Canada)

Distribution of the Lateral Pressure of Sand on the Timbering of Cuts. Karl v. 
Terzaghi (Austria) j /

Effect of the Type of Drainage of Retaining Walls on the Earth Pressure. Karl 
v. Terzaghi (Austria) ~ ' " ?

A Fundamental Fallaoy in Earth Pressure/ Computations. Karl v. Terzaghi 
Journal of the Boston Society of Civil Engineers, Vol. XXIII, No. 2,
April, 1936.

200-207

207-211

2II-215

215-218

328-336

Seotion K: GROUNDWATER MOVEMENT AND SEEPAGE

Electric Investigation of Underground Water _Flow NetB. C. G. J. Vreedenburgh 
and 0. Stevens (Netherlands Indies) "

On the Steady Flow of Water Percolating through Soils with Homogeneous- 
anisotropic Permeability. C. G. J. Vreedenburgh (Netherlands Indies)

Seepage^under an Earth Dam. Submitted by Laboratoires du Bâtiments et des 
travaux Publics, Ministere de L'Education Nationale, Paris (France)

The Law of Distribution of Moisture in Soils and Methods for the Study of the 
Same. N. A, Ostashev (USSR)

219-222

222-225

225-227

227-228

Seotion L: SOIL PROBLEMS IN HIGHWAY ENGINEERING INCLUDING FROST ACTION IN SOILS

Studies of Fill Construction Over Mud Flats Including a Description of Experimental 
Construction Using Vertioal Sand Drains to Hasten Stabilization. O.J. Porter (U.S.A.) 229-235 

/  -ry

Experimental Road/for Heavy Traffic on a very Compressible Soil (Peat-Bog-Ground).
J. A. Royer (Netherlands) 235-238

Vertical and Lateral Displacements of a Reinforced Concrete Culvert Under a
High Earth Embankment. M. G. Spangler (U.S.A.) 238-2ij3

The Application of Soil Mechanics to Highway Foundation Engineering. John 0.
Morton (U.S.A.) /  243-247

Soil Profile Field Methods in New Hampshire. John 0. Morton (U.S.A.) 247-247

The Soil Survey as used by the Miohigan State Highway Department. Olaf
Stokstad (U.S.A.) 21+8-262



VI

M-l

V M-2

V M-3

V N-l

V N-2 

N-3

N-l; 

* N-5

j Z-l 

J Z-2

v z-3

^ z-4

v z-5

Seotion M: METHODS FOR IMPROVING THE PHYSICAL PROPERTIES OF SOILS FOR ENGINEERING PUR­
POSES, INCLUDING RECENT DEVELOPMENTS IN CONSTRUCTING AND COMPACTING EARTH FILLS

Page
A New Method of Impermeabilizing and Improving the Physical Properties of Pervious
Subsoils by Injecting Bituminous, Emulsions. J. Ph. Pfeiffer (Netherlands) 263-266

/
Earth Embankments/for the Pickwick Landing Dam. C. M. Weston (U.S.A.) 266-273

Electrochemical Hardening of Clay Soils. K. Endell and U. Hoffmaim(Germany) 273-275

Section N: MODERN METHODS OF DESIGN AND CONSTRUCTION OF FOUNDATIONS

Foundation for the Palace of the Soviets: Designing a rigid Heavy Foundation on Com­
pressible Materials through the Use of Soil Meohanics. Carlton S. Prootor (U.S.A.) 276-278

Foundations of the New Telephone Building, Albany, New York. George W. Glick (U.S.A.) 278-284

Some Features in Connection with the Foundation of Svir 3 Hydro-Eleotrio Power 
Development. Prof. H. Graftio, Leningrad, in collaboration with Vattenbyggnadsbyran,
VBB, Stockholm (Sweden) 284-290

A Special Foundation Method for Bridge Piere, Adopted in Danish fjords. Prof.
Anker Engelund (Denmark) “ ' ’ 291-294

-The Floating Foundation of the New Building for the National Lottery of Mexioo: An
Actual Size Study of the Deformations of a Floooulent-struotured deep Soil by
Jose A. Cuevas (Mexioo) 294-301

Section Zt MISCELLANEOUS

Soil Mechanios as a Practical Scienoe. William P. Kimball (U.S.A.) 302-306

Note on the Physioal Characteristics of Mud from the Entrance Bar of the Yangtze
River. Herbert Chatley (China) 3°6-307

Stress Distribution!in Dry and in Saturated Sand Above a Yielding Trap-Door. Karl 
vT^TeraaglGn[5lus tr ia) 307“3H

Investigation of the Bearing-Power of the Subsoil (Especially iforain^) with 25 x 25 nun 
Pointed Drill Weighted with 100 kg without Samples. 0. Godskesen"(Denmark) 311-314

Soil Studies for the Storstrom Bridge,^Denmark. A. E. Bretting (Denmark) 314-327

A U T H O R  I N D E X

1 Andrews c-3 v Freeman C-2 v Proctor N-l
/ Barentsen B-3 i> Gersevonoff D-4 v Raes H-l
J Biemond F-9 v Glick N-2 v Relton E-2
v Boonstra 
JBretting

1-2

z-5
'S. Graftio N-3 -,
/ Hanna‘S  : B-4,C-l,]fc-l

 ̂ Ringeling 
v‘ Royer

F-8
L-2

''Brinkhorst F-10 v Hennes G-2 ■J Sansioe D-3
v Broekman G-5  ̂Hoffmann D-6.M-3 •s Smith B-5,D-2
v van Bruggen B-2  ̂Kansohin H-2 / Spangler J-l.L-3
v Buisman F-7,0-5 v Kimball f-4,z-i / Stanton b-6
■f van der Brught D-5 Krynine E-3,E-4»F-6 H Stevens K-l
v Chatley Z-2 v Ledesma F-ll •f Stokstad 6
■* Converse F-2  ̂Legget J-2 v Taylor G—4
J Cooling B-5,D-2 Middlebrooks G-3 ^ Terzaghi D—7 . G—6 , G—7
 ̂Cuevas N-5 Morton L-4.L-5 J-3.J-4.J-5
v Cuperas B-7 v Nord F-5,F-6 z-3
v Dawson F-3  ̂Ostashev k-4 J Tschebotareff D-1,E-1,F-1
'f Endell D-6.M-3 v Pfeiffer M-l * Vaidhianathan g—4

J Engelund n-4 tr Plutalow H-2 v Vattenbyggnadsbyran N-3
( Faber 1-3 'J Pokrovsky E-5  ̂Vreedenburgh K-l,K-2
7 Fedorov E-5 •f Porter L-l ■/ Wang Yen G—1
v Frame H-3 v Weston M-2



P R O C E E D I N G S

O F  T H E

I N T E R N A T I O N A L  C O N F E R E N C E

O N

SO IL M ECH A N ICS AN D  

FO U N D A T IO N  EN G IN EER IN G

JU N E  22 to 26, 1936

SB

G R A D U A T E  SC H O O L  O F  E N G I N E E R I N G  

H A R V A R D  U N IV E R SIT Y  

C A M B R I D G E .  M A SS.

( ALL RI GHTS RESERVED)

S E C O N D  P R I N T I N G



P L A N O G R A P H  P R I N T E D  B Y  

SP A U L D I N G - M O SS C O M P A N Y  

B O ST O N , M A SSA C H U SE T T S, U .S.A .



F O R E W O R D

Gener al  I nf or mat i on* I n addi t i on t o t he gener al  r emar ks  and t he i nf  car nat i on on r epr i nt s  oont al ned I n t he For ewor d of  Vol ume 
I » t i i e Edi t or i al  Boar d wi s hes  t o aanounoe t hat  a  number  of  cont r i but i ons  s ubmi t t ed I n l anguages  ot her  t han Engl i s h ooul d not  
be aooept ed f or  publ i oat i on* The onl y exoept l ons  wer e  des cr i pt i ons  of  Soi l  Meohani os  Labor at or i es * For  t hes e r epor t s  t he 
r ul e t hat  al l  cont r i but i ons  mus t  be i n Engl i s h waa di s r egar ded,  i n or der  t o per mi t  t he pr es ent at i on of  as  oampl et e a  r eoor d 
as  pos s i bl e cm t he exi s t i ng Soi l  Ueohani cs  l abor at or i es * Fr om s ever al  l abor at or i es  no r epor t s  wer e s ubmi t t ed and t her ef or e 
s uoh l abor at or i es  ar e not  r epr es ent ed i n t hi s  vol ume*

Si noe a number  of  cont r i but i ons  t o Seot i on nAn f ol l owed t he out l i ne s ugges t ed i n t he or i gi nal  pr i nt ed i nf or mat i on f or  
cont r i but or s ,  t he out l i ne i s  r epeat ed her e t o acquai nt  t he r eader s  wi t h t he ar r angement  of  many of  t hes e r epor t s *

5 . So il T esting Procedures:

(a) T ools and procedures for taking undisturbed samples. D imensions
R E P O R T S F R O M  SO I L  M E C H A N I C S L A B O R A T O R I E S O N  T E ST I N G  A P P A R A T U S,  r  1 / t ’  l .  • •  j  - r  • l  • _i r

* of samples. (T o be omitted if  separate report is submitted for
T E C H N I Q U E  O F  T E ST I N G  A N D  I N V E ST I G A T I O N S I N  P R O G R E SS j *  • • « i ?  1 r  o  - i  j -  ■ j o  . •  / ->

division hxploratio n ol So il Conditions and Sam pling O pera-

1 . N ame of institutio n, organization or firm supporting the lab o rato ry; its tions. )
location and year established. (b ) F ield testing methods. L o ading tests, usual size of loaded area;

loading tests in holes; vibration methods; etc.
N ame and title of person in charge of lab o rato ry; number of persons on 

regular staff  and average number of tem porary employees or students
(c) L ab o rato ry testing methods for tests outlined in (4 ).

engaged in research. Note: F or points (4 ) and (5 ) give references to publications describ ing

_ . . . .  , . , , . . . , . , . apparatus and procedures. I f such references are not availab le, give
3 . P rincipal purpose for which labo rato ry is equ.pped (research, instruc- short description>  induding drawings. Always state dimensions of soil 

tion or consulting service). s a m p le s  used.

4 . D escription of equipm ent: 6  Short description of the most impo rtant types of soils in the working

(a) T o tal floor area, deducting office space. H umid room and constant region of the laborato ry, including geological name, natural water 

temperature room; type of equipment for humidification and tem- content, Atterberg limits, compressive strength in the undisturbed and 

perature control. remolded states, etc. (T o be omitted if  separate report is submitted for

(b ) Apparatus for the classification of soils according to grain  size dis- division “ R egio nal Soil Studies for E ngineering Purposes.” ) 

tribution grain shape, porosity relative density, water content, air sh o rt statement of the subj ects 0;  scicntific investigations. W hen per- 
content lime content content of o rganic m atter, specific gravity o f  formed? wh ere  blished? u  still in pr0gressi appro ximate date when 

m ineral m atter, Atterberg lim it tests, consistency. investigation will be finished with brief statement of most impo rtant
(c ) Apparatus for shearing tests. rcsults ;ound s0  far .

(d )  A pparatus for compressive strength tests. _
, .  A . .. , . 8. Short statement or the most important practical investigations. Subiect,
M  Apparatus for consolidation tests. types of soi,s encountered| most impo rtant results.

{ J )  A pparatus for perm eability tests, for the determinatio n of c apillary
rise and of m axim um  c apillary pressure. 9- O bservations on existing structures under the direction of the laborato ry.

(* ) A pparatus for investigation of frost action. C ustomary number of observation points, type of observation points on
the structure and in the ground, methods for surveying the points.

(h ) Apparatus for earth pressure investigations. T ype and number of observed structures.

(0  A pparatus for special investigations. _  . . , ,
10 . bxpenence regarding the difference between predicted and observed

behavior of structures. E m pirical rules which were derived from such
studies.

Compl et e Paper s . Among t he cont r i but i ons  oont al ned I n Vol umes  I  and I I  of  t he Pr oceedi ngs ,  t he f ol l owi ng t went y paper s  have 
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Raee H-1,H-11.N-16
Rapp E-9
Relton E-2
Rendulio D-27
Ringeling F-8
Rodio N- 13
Royer L-2
Russell B- 13
Rutledge Vol. Ill, p. 8, 

A-25, C-6
Samsioe D-3
Schmitt Vol. Ill, p. 19
Simpson Z-28
Small Z- 17
Smith B-5. D-2
Smolik D-26
Solakian G-18
Spangler J-l, L-3
Stanton B-6
Steinbrenner E-6
Stevens K-l, K-9
Stokstad 1-6
Szily D-25
Taylor d-15.g-1;,g-i6
Ter-Stepanian D-8
Terzaghi Vol. III. p. 13 

p. 22. D-7, 
F-16.F-21.F-22, 
G-6.G-7.J-3.
J—I;. J—5. J—8. 
M-6.N_6.N-15, 
Z-3.Z-20.Z-22. 
Z-26, Z-30b

Tillmann c-5,F-i5,F-ie 
F-19, 1-5

Tsohebotareff D-1.D-19.E-1, 
F-l, H-12

Vaidhianathan G—1;
Vattenbyggnadsbyran N-3
Vaughan A—11;, B-15
Vreedenburgh K-l, K-2
Wang Yen G—1
Warlam D-12
Watson F-12, I-U
Weston M-2
White D-32,H-10,N-9 

N—li;, N-I5
Winsor Z—li;
Winterkorn D-16,D-23,L-10
Wooltorton Z-27
Yamaguti A-12
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Paper No« 

C-l 

C-l

C-3

D-l

D-l

D-l;

V-h

D-k

d-6

D-13

E-IO

F-6

G-2

G-3

G—5

G-8

G-3

G-8 •

J-l

M -l

M-3

Corrections and Additions for Vol I and II 

Vol Page and Line Correction or Addition

^  In the Author Index add 0. Godskesen Z-i; s_nd change
0. Stokstad from K-6 to L-6 .

23 The author of this paper. Dr. W. S. Hanna, is Head of the
Foundation Soils Research laboratory, Faculty of Engineering, 
Egyptian University, Giza, Cairo»

2i4. 2 Should read 0.1; to 1.1|. kg/cm^

31 I4. The Plasticity Index in column #7 should read 60.1.

33 The author of this paper, Dipl. Ing. G. Tsohebotareff, 16
Research Engineer in the Foundation Soils Research laboratory. 
Faculty of Engineering, Egyptian University, Giza, Cairo»

3l* 52 Should read Kamal Khalifa Eff.

¿48 63 Should read q = q̂

50 1 Should read ^

50 17 Should read £ +■ —  —  —  . ( R +S +U ) = const»
1 +2 J

53 The position of the two X-ray photographs should be reversed»
In Table II referenoe should be made to Fig. 3 instead of 

Fig. 2.

133 The investigation was carried out with a grant of $500 which
the Harvard Graduate School of Engineering reoeived from the 
Committee on Earths and Foundations of the American Society 
of Civil Engineers of which Mr. Lazarus White is Chairman»

I59 For the three equations at the bottom of this page the quantity

appearing under the radical should be« +" Txz

100 32 Paragraph 3» The sentenoe should read "The bridge is a
double leaf basoule span".

I3I1. Fig. 1. The legends in German for L0 and Lf are reversed
and should be revised to correspond with the facts and with 
the English legends.

I 137 15
1±3 & LiU

Fig. 15 should read Fig. 1I4..
Titles for Figs. lq. and 15 are reversed

I 150 53 "Deducted" should read deduced.

II 199 59 Should read c j_  ̂a
B l£

II 199 5k Should read p = 2 ( ^ + 2) 0

II 200 U Should read c _ Pa
B L ( L + ir a) — B

I 207 Formula (2) should read as follows:

P a

2

ho= 2^  * P * H T  (wheDm~ 2^........ (2)
r* '

263 Add the following! All the operations at the Asaitrt Dam were
carried out by Messrs. Coohrane of London, and the injeotion 
work was subcontracted to the Franoois Cementation Co*, in 
Doncaster, Great Britain.

271+ 2 Should read "Atterberg*e liquid limit and the angle of inter­
nal friction are deoreased by treatment»
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