
VOL.95 NO.SM2. MAR. 1969

V)\VOL\)

I

I

ANDFHiK
DMSHHI

PROCEEDINGS OF 
THE AMERICAN SOCIETY 

OF CIVIL ENGINEERS
I AMERICAN 1 
I SOCIETY Of I 
1 OWL f 
Vngiheers/

■V



Chairman
Vice Chairman

Francis B. Sessums
Eugene M. Zwoyer

John E. Rinne 
Robert P Vreeland

E. D'Appolonia 
W. D. Liam Finn 
David J. Henkel 

Robert L. McNeill
H. Bolton Seed 

T.H.Wu

Paul A. Parisi, Manager
Robert D. Walker, Senior Technical Editor 
Richard R. Torrens, Technical Editor 
Richard E. Luna, Technical Editor 
Irving Amron, Information Editor 
Diane Hines, Editorial Assistant
Elizabeth S. Pornes, Editorial Assistant 
Adriane Ruggiero, Editorial Assistant 
Frank J. Loeffler, Draftsman

Daniel B. Barge, 
James L Konski, ' 
Arthur J. Fox, Jr. 
J. Harold Zoller

SOIL MECHANICS AND 
FOUNDATIONS DIVISION
Executive Committee

F. E. Richart, Jr., Chairman
Richard T. Woodward, Vice Chairman
Jack W. Hilf T. W. Lambe
James K. Mitchell, Secretary
Ralph W. Hutchinson, Board Contact Member

Publications Committee
Bramlette McClelland, Chairman
Richard G. Ahlvin
James M. Duncan
Bernard B. Gordon
Harry M. Horn
J. H. Schmertmann
W.G. Shockley

Aleksandar S. Vesic
J. K. Mitchell, Exec. Comm. Contact Member

TECHNICAL PUBLICATIONS

AMERICAN SOCIETY 
OF CIVIL ENGINEERS
BOARD OF DIRECTION

President
Frank H. Newnam, Jr.

President-Elect 
Thomas M. Niles

Post President 
Richard H. Tatlow III

Vice Presidents
Graham P. Willoughby 
John M Hayes

Directors
Daniel B. Barge, Jr. 
Arthur J. Fox, Jr. 
Robert K. Fogg 
John W. Frazier 
E. Monford Fucik 
Richard Hazen 
Ralph W. Hutchinson 
Emory E. Johnson 
James L. Konski

Eugene M. Zwoyer

Executive Officers
William H. Wisely, Executive Secretary 
Don P. Reynolds, Assistant Secretary
William P. Kimball, Assistant Secretary — Education 
William N. Carey, Secretary Emeritus
William S. Lalonde, Jr., Treasurer 
Elmer K. Timby, Assistant Treasurer

COMMITTEE ON PUBLICATIONS

Austin B. Milhollin 
William W. Moore 
Malcolm Pirnie, Jr. 
Francis B. Sessums 

Robert E. Shaver 
Ivan M. Viest 

Eugene W. Weber 
Longino A. Woodman 

J. Harold Zoller



CONTENTS

PagePapers

467

493

519

541

561

583

.605

(over)

iii

SLOPES IN STIFF-FISSURED CLAYS AND SHALES 
by James M. Duncan and Peter Dunlop 

SOIL MECHANICS AND THEOREMS OF LIMIT ANALYSIS 
by W. F. Chen

CONSOLIDATION UNDER CONSTANT RATES OF STRAIN 
by Ronald E. Smith and Harvey E. Wahls

RESPONSE OF EARTH DAMS TO TRAVELING SEISMIC WAVES 
by Mostata Dibaj and Joseph Penzien 

A STUDY OF BULK AND SHEAR MODULI OF A SAND 
by Leonard Domaschuk and Neil H. Wade

DYNAMIC PREDICTION OF PILE STATIC BEARING CAPACITY
by Robert H. Scanlan and John J. Tomko

EXPERIMENTAL STUDY OF BUCKLING OF BURIED DOMES 
by Z. Getzler and L. Lupu

This Journal is published bimonthly by the American Society of Civil Engineers. 
Publications office is at 2500 South State Street, Ann Arbor, Michigan 48104. Editorial 
and General Offices are at 345 East 47th Street, New York, N.Y. 10017. Subscription 
price is $8.00 per year with discounts to members and libraries. Second-class postage 
paid at Ann Arbor, Michigan. EM, HY, SA, SM.



Page

DISCUSSION

Proc. Paper 6429

627

628

630

631

633

A

9.

634
637

640
641
642
648
653

SHEET-PILE ANALYSIS BY DISTRIBUTION THEORY,3 by Dafalla
A. Turabi and A. Balia (Jan., 1968).

by James B. Rauhut
by P. W. Rowe 

GUIDE SPECIFICATIONS FOR CHEMICAL GROUTS,a by The 
Committee on Grouting (March, 1968).

by B. U. Duvall  
by George W. Whitesides  
by C. Martin Riedel  
by James Warner 
by Edward D. Graf

EFFECT OF COMPACTION ON STRENGTH OF SOIL CEMENT, 
by Nagih M. El-Rawi, T. Allan Haliburton and Robert L. Janes 
(Nov., 1967. Prior Discussion: May, 1968).

closure 

DEFORMATION OF SAND IN HYDROSTATIC COMPRESSION, by 
Hon-yim Ko and Ronald F. Scott (March, 1967. Prior Discussions: 
Jan., 1968, May, 1968).

closure....................................................................................................  • • •

STABILITY OF NATURAL SLOPES IN SENSITIVE CLAY, by 
Carl B. Crawford and William J. Eden (July, 1967. Prior Dis
cussion: Sept., 1968).

closure 

APPLICATIONS OF LIMIT PLASTICITY IN SOIL MECHANICS,3 
by W. D. Liam Finn (Sept., 1967. Prior Discussions: May, 1968, 
Sept., 1968).

by James Graham

CONSOLIDATION UNDER ELECTRICAL-PRESSURE GRADI
ENTS, by Robert L. Nicholls and Rene L. Herbst, Jr. (Sept., 1967. 
Prior Discussion: Sept., 1968).

closure 

a Discussion period closed for this paper. Any other discussion received during this 
discussion period will be published in subsequent Journals.

iv



Page

663

663

679

683

v

656
659
662

665
668
673

675
676

685
686
690
698

a Discussion period closed for this paper. Any other discussion received during this 
discussion period will be published in subsequent Journals.

VIBRATION MODULUS OF NORMALLY CONSOLIDATED CLAY,3
by Bobby O. Hardin and William Black (March, 1968).

by Robert V. Whitman, Richard J. Holt, Vincent J. Murphy . . . 
by Ricardo Dobry, Mauricio Poblete  
by Gerald R. Thiers

CONTRIBUTION TO THE ANALYSIS OF RESTRAINT IN SOIL,
by Zvi Getzler (March, 1968).

errata

EFFECTS OF LOADING ON TRIAXIAL TEST RESULTS,a by
Raymond Lundgren, James K. Mitchell and James H. Wilson 
(March, 1968).

by Osondu J. Uzomaka

END BEARING AND SKIN FRICTION RESISTANCE OF PILES,a
by Bengt B. Broms and Lars Hellman (March, 1968).

by Vasant N. Vijayvergiya, Lymon C. Reese 
by Richard E. Mabry
by Dinesh Mohan and G. S. Jain

SETTLEMENT OF STRIP LOAD ON ELASTIC-PLASTIC SOIL,a 
by Karre Hoeg, John T. Christian and Robert V. Whitman (March, 
1968).

by Bent Hansen  
by S. Valliappan 

ELECTRICAL DISPERSION IN RELATION TO SOIL STRUC
TURE/'1 by James K. Mitchel and Kandiah Arulanandan (March, 
1968).

by Chin Fung Kee 

FINITE-ELEMENT METHOD FOR PROBLEMS IN SOIL
MECHANICS,3 by Chiyyarath V. Girijavallabhan and Lymon C.
Reese (March, 1968).

by Ian M. Smith .

GRAPHICAL STABILITY ANALYSIS OF SLOPES IN JOINTED
ROCK,3 by Klaus W. John (March, 1968).

by Marc Panet  
by R. Vormeringer 
by G. Vigier  
by Richard E. Goodman 



Page

TECHNICAL NOTES

Proc. Paper 6463

705

709

715

719

INTERNATIONAL ABSTRACTS

Proc. Paper 6472

725

INFORMATION RETRIEVAL

vl

&

INTERNATIONAL ABSTRACTS SECTION
bj' Joseph M. DeSalvo, Chmn. on Information Retrieval, SMFD . . . .

GROUTED CUTOFF AT ROCKY REACH DAM 
by William F. Swiger

INFLUENCE CHARTS FOR TWO-LAYER ELASTIC
FOUNDATIONS 

by Y. H. Huang

STABILITY ANALYSIS OF SLOPING CORE EMBANKMENTS
by Kenneth A. Zuckerman

PORE PRESSURE EQUATION FOR ANISOTROPIC CLAYS 
by Wallace H. Baker and Raymond J. Krizek 

The key words, abstract, and reference “cards” for each article in 
this Journal represent part of the ASCE participation in the EJC infor
mation retrieval plan. The retrieval data are placed herein so that each 
can be cut out, placed on a 3 x 5 card and given an accession number 
for the user's file. The accession number is then entered on key word 
cards so that the user can subsequently match key words to choose the 
articles he wishes. Details of this program were given in an August, 
1962 article in CIVIL ENGINEERING, reprints of which are available 
on request to ASCE headquarters.



; 6452 CONSOLIDATION UNDER CONSTANT RATES OF STRAIN
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| ABSTRACT: Consolidation tests on three materials were conducted by inducing six 
[ different constant rates of strain on the samples. The total load on the sample, the 
j pore pressure at the base and the deformation were measured. A theoretical solution 
| was developed to enable the determination of the coefficient of consolidation, the com- 
} pression index, and the preconsolidation pressure from this testing procedure. Within 
] established limits, it is shown that the consolidation parameters determined by this 
! method agree with parameters determined by the conventional testing method. The 
I advantages of the proposed procedure are that a much shorter time is required to 
[ determine the consolidation parameters and that this procedure can be used to study 
! the strain rate sensitivity of cohesive soils to consolidation loads.
! REFERENCE: Smith, Ronald E., and Wahls, Harvey E., “Consolidation Under Con- 
! stant Rates of Strain,” Journal of Soil Mechanics and Foundations Division, ASCE, 
! Vol. 95, No. SM2, Proc. Paper 6452, March, 1969, pp. 519-539.

6449 SLOPES IN STIFF-FISSURED CLAYS AND SHALES 
KEY WORDS: clays; overconsolidated soils; progressive failures; safety 
factors; shales; slope stability; soil mechanics; stress analysis —
ABSTRACT: Case histories and probable causes of slope failures in stiff-fissured 
clays and shales are reviewed, and analyses are described which were performed to 
determine the influence of the initial stress conditions on the stresses around exca
vated slopes. These analyses show that the shear stresses around excavations are 
much larger for conditions representative of heavily overconsolidated clays (high 
initial horizontal stresses) than for conditions representative of normally consolidated 
clays (low initial stresses). Shear stresses large enough to cause failure at some 
points may develop even when the factor of safety calculated by the d> = 0 method of 
analysis is much larger than unity. The higher the horizontal stresses before excava
tion, the higher the factor of safety corresponding to development of local failure.
REFERENCE: Duncan, James M., and Dunlop, Peter, “Slopes in Stiff-Fissured Clays 
and Shales,” Journal of the Soil Mechanics and Foundations Division, ASCE, Vol. 95, 
No. SM2, Proc. Paper 6449, March, 1969, pp. 467-492.

6450 SOIL MECHANICS AND THEOREMS OF LIMIT ANALYSIS
KEY WORDS: bearing capacities; energy dissipation; plasticity; plastic 
limits; soil mechanics; truss action 
ABSTRACT: An attempt is made to exhibit the plastic limit theorems in terms more 
familiar to the civil engineer. The interpretation of a continuous velocity region as the 
limiting case of infinitely many rigid blocks separated by surfaces of discontinuity 
provide an excellent technique for obtaining energy dissipation needed for upper bound 
calculations on plastic limit load. Similarly, the intuitive approach of imagining a pin- 
connected truss to support loads is shown to provide an excellent technique for obtain
ing lower bounds. Also a graphical procedure is introduced to eliminate much of the 
tedium associated with the construction of a stress field. The problems of the loaded 
truncated wedge and the wedge under unilateral pressure are treated as illustrative 
examples. Then the general strip foundation is solved. Upper and lower bounds are 
plotted and are seen to be rather close. Friction effects on the bearing capacity of 
foundations are also discussed.
REFERENCE: Chen, W. F., “Soil Mechanics and Theorems of Limit Analysis,” Jour
nal of the Soil Mechanics and Foundations Division, ASCE, Vol. 95, No. SM2, Proc. 
Paper 6450, March, 1969, pp. 493-518.


