VOL.97 NO.SM1. JAN. 1971

JOURNAL

OETHE
ollL MEGHANIGS

AND FOUNDATIONS
DIVISION

PROCEEDINGS OF
THE _AMERICAN SOCIETY
OF CIVIL ENGINEERS

AMERICAN
SOCIETY OF
L
ENGIMEERS
FOURDED
1887




!

VOL.97 NO.SM1. JAN. 1971

JOURNAL

OF THE

UL MECHANIGS
AND FOUNDATIONS

DIVISION

PROCEEDINGS OF
THE AMERICAN SOCIETY
OF CIVIL ENGINEERS

AMERICAN
SOCIETY OF
CIvIL
ENGINEERS,
FOUNDED,
1852

© American Society
of Civil Engineers
1971



AMERICAN SOCIETY
OF CIVIL ENGINEERS
BOARD OF DIRECTION

President
Samuel S. Baxter
President-elect
Oscar . Bray |
Past President !
Thomas M. Niles i
Vice Presidents |
Trent R. Dames James R. Sims
Michael N. Salgo James D. Wilson |
Directors i
L. LeRoy Crandail George J. Kral
Elwood D. Dobbs Arno T. Lenz
Robert K. Fogg John T. Merrifield
Lioyd C. Fowler Dan H. Pletta
Arthur J. Fox, Jr. James E. Sawyer
E. Montford Fucik Francis B. Sessums | CONTENTS
William R. Gibbs Ivan M., Viest I
Russel C. Jones Ralph H. Wallace
Thomas C. Kavanagh Joseph S. Ward
Frederick R. Knoop, Jr. Lauress L. Wise

Eugene M. Zwoyer

RACTS SECTION

EXECUTIVE OFFICERS INTERNATIONAL ABST

William H, Wisely, Executive Director by Joseph M. DeSalvo, Chmn. of Committee on Information %
Don P. Reynolds, Assistant E. vl DI Retrievaly 87 5 G330 AR TSR0 & LY, R B P B0 6
Joseph McCabe, Director—Education Services
Edmund H. Lang, Director—Professional Services
William N. Carey, Secretary Emeritus
William S. I.4:|l.m\cle5 Jr., Treasurer

e b PERFORMANCE OF FOUNDATION FOR ALTAIR RADAR

Arthur J. Fox, Jr.. Chai by Robert V. Whitman, Dirk R. Casagrande, Kjell Karlsrud,
ur J. rox, Jr., airman

é?wm: bsawar,' R ciman : EA G A G OO TES B 66 B O G AT b o6 B8 0 860 8066 SR
Ao Y. i 0 B v s LIMIT ANALYSIS OF STABILITY OF SLOPES

It 19
SOIL MECHANICS AND by Wilfred F. Chenand M. W. Giger . ......... ayere T 1E s
mz:z:ﬁ'?”inlv'mu RESPONSE OF NONUNIFORM SOIL DEPOSITS TO TRAVELLING
James K. Mitchell, Chairman SEISMIC WAVES
:ﬁ‘; 2’;;,,;,,' s;",x';:yﬂ ! by Houshang Dezfulian and H. Bolion Seed . .. ......... N B
Lishoy Crondell | v ePh M- Desaho PHREATIC SURFACE LOCATION AFTER DRAWDOWN

Publications Committee by Arthur H. Dvinoff and Milton E. Harr ..................
e N. Morgenstern DYNAMIC MODULI AND DAMPING RATIOS FOR A SOFT CLAY
b 1. Hanslich Ry E-Qlean by William D. Kovacs, H. Bolton Seed, and Clarence
H. M. Horn i e et YRR AR LA DA e e i P TAID O
T.C. Kenney Paul Rizzo K.Chan ........ U R
R, Kok w. G.Eé»f;f'u'é? PERFORMANCE OF FOUR FOUNDATIONS ON END BEARING
C.C. Ladd E. Vey PILES . ™
e e A A i T by David J. D’Appolonia and T. William Lambe . . ... .........

TECHNICAL PUBLICATIONS | (over)

Paul A. Parisi, Manager

Ro:or'dDR. \;Iolkor, S;ni:r T.f’gjml Editor 1
Ri h , i ito <
"l:i";'Am'°:'r;:?:"":ﬁ:"":gd“°: : This Journal is published monthly by the American Soctety of Civil Engineers

4 A IR 5 017. Address all
Lois H. Lehman, Senior Editorial Assistant tions office is at 345 East 47th Street, New York, N.Y. 10
&r‘:l?.:e&c’f:;."'s%:‘:;/amzx' isutc’lliicacorrespondence to the Editorial and General Offices at 345 East 47th Street,

ffective.
Helen Cohn, Editorial Assistant New York, N.Y. 10017. Allow six weeks for c}:antgemoégged::s:n?l?;::::s,eSecond-
Mory Ellen DiGiusto, Editorial Assistant Subscription price is $16.00 per year with discounts

Kathleen H. Masur, Editorial Assistant class postage paid at New York, N.Y. and at additional mailing offices. SM.
Frank J. Loeffier, Draftsman

313

.

Papers

27

47

59

iii




Page Page
BEARING CAPACITY OF ECCENTIZ’IICALLY LOADED FOOTINGS PROPERTY INTERRELATIONSHIPS IN SENSITIVE CLAYS, by
by Shamsher Prakash and Swami Saran.,...... e i 95 william N. Houston and James K. Mitchell (July, 1969, Prior Dis-
ROCK STABILIZATION AT MORROW POINT POWER PLANT cussions;; Jan., Ma, 1970). 1
by Gilbert L. Brown, Ernest D. Morgan, and Jerry S. Dodd. . . ... 119 : CLOBUTE . . v s o 0 s o oo s ooo seiofole sheseralel disrfe wlotele oiedoreistole
CALCULATED AND OBSERVED COMPACTION GROUTING TECHNIQUE AND OBSERVATIONS,
by Peter J. Moore . ..... I oM AMELITUDES 141 by Edward D. Graf (Sept., 1969. Prior Discussion: May, 1970).
ket IR LR RETOBUER ' o o o ot e rshs oo (apbad omet Mot O 3 EBMfe to TN T0) W01 1242
YIELD AND FAILURE OF CLA IAXIA
by Raymond N. Yong and Ed:atlj‘g?/ﬁ:?{;ﬁ LIETRESIES STANDARDIZATION OF PARTICLESIZE RANGES, by the Com-
SLID LR ceee.. 159 mittee on Soil Properties of the Soil Mechanics and Foundations
MEDING—ROCKING VIBRATION OF BODY ON ELASTIC Division (Sept., 1969. Prior Discussions: May, 1970).
byn;tngbert'rmt ClosUTe 1,172 mmat b WP P, I R e e iR 244
. R S S e S e R :
T T Sl b el G LR ceceee.. 1T ELASTIC BEHAVIOR OF SAND, by Mohamed A. E1-Sohby (Nov.,
OTROPIC BEHAVIOR OF COMPACTED CLAYS 1969. Prior Discussion: May, 1970).
by Donald H. Gray and Nouri A. Kashmeeri ................ 193 closure ........ TS s R e L R g 240
FIE‘:)LDASIS:UTIONS' FOR TURBULENT SEEPAGE FLOW FOUNDATION STUDY FOR MATERIALS TEST STRUCTURE, by
y K. Parkin,... ... .. G0 J 0o G600 Do Berals.o B e.. 209 Melvin C. Hironaka and Raymond J. Smith (Nov., 1969. Prior
UNDRAINED STRENGTH OF COMPACTED CLAY Discussion: May, 1970).
by Kenneth L. Lee and Robert J. Shubeck. . . . ... ........ 50 ClOBUTE &, posrs o scaisacs T3 i pde NUTER.G T I3 ISGE TADART SOFI248
UNDRAINED STRENGTH OF ANISOTROPICALLY CONSOLI-
DATED SAND,2 by Kenneth L. Lee and H. Bolton Seed (Mar.,
1970).
DISCUSSION by Ravikumar Bhaskaran. . ... ... ..eeeoeaeenuscnsaoo. 249
Proc. Paper 7785 BEARING CAPACITY OF FOUNDATIONS ON SAND,? by Assad
Abdul-Baki and Lewis A. Beik (Mar., 1970. Prior Discussions:
Nov., 1970).
: by Boris S. Browzin and Gary H. Collison ................. 250
TESTS ON COHESIO
by Emanuele mmagﬂﬁ?:ﬁﬁgfﬁl;fofﬁsf‘?sgﬁﬁL; s TESTS ON INSTRUMENTED PILES, OGEECHEE RIVER SITE,®
1970). : Mar,, by Aleksandar Sedmak Vesic (Mar., 1970, Prior Discussions:
closure ....., B e S 237 July, Nov., 1970).
by Vasant N, Vijayvergiya . . . . oo e et e vcvcvvonooecononns 252
CONSOLIDATION
Ronald E. Smith M%N}?fﬁe%’fsgﬁg m'gEslg(g S'Il;f:iAmi)?y COLLAPSE OF FARGO GRAIN ELEVATOR, by Reymond L.
sions: Jan., 1970). U £ or Discus- Nordlund and Don U. Deere (Mar., 1970).
closure . Féero PG ACOEORPROTIAS A OTTANA . . wypononite o o erssletoniss - BNt G Bedammns’é o005 0l 9@67
CAUSES OF CLAY SENSITIVITY, b oM dostod [ in! B STRENGTH OF A MODEL OF JOINTED ROCK, by Edwin T.
A y James K. Mitchell and )
William N. Houston (May, 1969. i, ; " SR Brown and D. Hugh Trollope (Mar., 1970).
1970). 4 rlor Discussions: Jan., Mar., S Eeath Y i e Lty DNE D BN e e o (e M ALK 257
clogure. ., .\ ul i E I e Je 0 L e 239 DYNAMIC SHEARING RESISTANCE OF DRY OTTAWA SAND, by
EULER BEAMS ON A TWO PARAMETER FOUNDATION MODEL Kenan Atakol gnd H.Gordon Larew, (Mar., 1 3600 o
Syéwir::nE'Ha’rr’JOhnL'DaVidson,Da-'MinHO,LuiSE.Pombo, (b 0 O Ot 0l o i RO O 0000 Do SR BRGSO ON0 B0 010 60 5
- V. Ramaswamy, and John C. Ros . . %
sion: May, 1 970)." ner (July, 1969. Prior Discus-
clogtire ®.mat {8 @5 uplIsm e vl 240
8 piscussion period closed for this paper. Any other discussion received during this

| discussion period will be published in subsequent Journals.

iv 1 v




46

January, 1971 SM 1
damping matrix;

distance travelled in direction of Vj;

distance travelled in direction of V,;

stiffness matrix;

mass matrix;

time-dependent vector of effective forces at nodal points;
influence coefficient matrix;

time;

vector of displacements of nodal points due to inertia forces;
vector of total displacements of base nodal points;

vector of prescribed displacements of base nodal points;
vector of static displacements of nodal points;

vector of total displacements of nodal points above base;
velocity of propagation of longitudinal waves;

velocity of propagation of shear waves;

velocity of propagation of wave front along x-axis; and

angle between direction of wave propagation and x-axis.

7806 January, 1971 SM 1

Journal of the
SOIL MECHANICS AND FOUNDATIONS DIVISION
Proceedings of the American Society of Civil Engineers

PHREATIC SURFACE LOCATION AFTER DRAWDOWN

By Arthur H, Dvinoff,' A. M. ASCE and Milton E. Harr,? M. ASCE

INTRODUCTION

The stability of an earth embankment impounding a water reservoir is
highly dependent upon the location of the phreatic surface within the embank-
ment. Of particular interest is the stability during or immediately following a
rapid drawdown of reservoir level. Because of the lack of a solution proce-
dure, the assumption is often made that no drainage occurs within the em-
bankment during drawdown. This contention may lead toan overly conservative
slope design in some cases.

The equation governing two-dimensional flow in porous media has been
found to be (3,4)

8h _ %h on\? 8%n
na—t'—kth+kx(§)+kth........... ...... A o (00)

in which » = effective porosity; » = total head at point x, y at time ¢; and &,,
k., = coefficients of permeability in the ¥ and y directions, respectively. Solu-
ti’ém of Eq. 1 yields the phreatic surface at all points where total head equals
elevation head. If the phreatic surface is relatively flat, it may be assumed
that the gradients are small. Thus term k,(8k/8x)* may be neglected. For an
isotropic media, Eq. 1 then reduces to the linear form

8h _ kh (9%h | 8h
W“?(-a'x_”"'ay’) o (0%in e ot e tiar: ot oo e e To¥ SHTE 1 SOIINIHGL JOEL LR O ‘(2)

in which % = the mean height of the phreatic surface and 2 = the isotropic
permeability (2,3,10). Eq. 2 had been employed to locate the phreatic surface

Note.—Discussion open until June 1, 1971. To extend the closing date one month, a
written request must be filed with the Executive Director, ASCE. This paper is part of
the copyrighted Journal of the Soil Mechanics and Foundations Division, Proceedings
of the American Society of Civil Engineers, Vol. 97, No. SM1, January, 1971. Manuscript
was submitted for review for possible publication on April 24, 1970.

1First Lieut., U.S. Army Corps of Engrs., Lower Mississippi Valley Div., Vicks~-
burg, Miss.

2Prof. of Soil Mech., Purdue Univ., Lafayette, Ind,
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within the shell of a zoned earth embankment subjected to a rapid drawdown
of reservoir level.

BOUNDARY CONDITIONS

Fig. 1 represents a zoned embankment with a vertical impervious core,
resting on a horizontal impervious foundation. Initially, the reservoir level

Sk
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QPhreaﬁc Surface
at time t

A Phreatic Surface g h
at time t+dt
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Impervious £
dt? gy 1 O
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FIG. 1.—REGION OF FLOW
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FIG. 2.~COMPARISON OF EQ. 6 WITH EXPERIMENTAL DATA OF NEWLIN AND
ROSSIER (9)

was kh; and the embankment shell was fully saturated below that elevation.
The reservoir level was rapidly lowered to &, and the resulting phreatic sur-
face is shownat sometime ¢ after onsetof drawdown. The phreatic surface in-
tersects the vertical core at level k. above the foundation (Point A) and the
embankment slope at height a (Point E). The intersection of the phreatic sur-
face with the embankment slope will be referred to as the exit point.

The boundary conditions surrounding the region of flow are now completely

sM 1 PHREATIC SURFACE LOCATION 49

defined. Across the impervious boundaries there is no flow. Thus, along AB,
ah/8x = 0 and, along BC, 8k/8y = 0. Along the phreatic surface and the sur-
face of seepage, ED, the total head is equal to the elevation head. Thus, along
AE and ED, 1 = y. Finally, along the reservoir boundary, DC, total head is
equal to the drawdown reservoir elevation, or 2 = h, = f(¢),in which 7(¢) may
be any arbitrary function of time. For instantaneous drawdown, %, is con-
stant for ¢ > 0.

With the boundary conditions known, it is possible to solve Eq. 2 and locate
the phreatic surface at any time ¢. However, it is first necessary to locate
the exit point at time ¢ independently of Eq. 2.

LOCATION OF EXIT POINT
Assume that in the time interval d¢ the phreatic surface falls a distance
da, such that the new position is parallel to the old position (Fig. 1). The
volume of water that has been removed from a unit thickness of the section is

av =n(H, - a) ctnozda+%nctna:(da)z .............. (3)

If the flow through section EFCE is essentially horizontal, from Darcy’s Law,
the discharge was found by Pavlovsky (5,7) to be

Q=-k(a-ho)(1+1naf'ho)tana .................. (4)

Since the discharge during any time interval mustequal the volume between
the phreatic surface locations at the beginning and end of the interval, @dt =
dV, or, with second-order terms neglected

a

tp tan® H-}:z
-f_n..‘l‘.dt= —L2 =P gg ... ir0000 (5)
o
Hcl"']na-ho

I h, = 0for ¢ > O(total instantaneous drawdown), Eq. 5 may be integrated di-
rectly with the result:

Kt R PR R R R e 98
chtana i, 1 lan ........................ (6)

Eq. 6 is plotted in Fig. 2 along with data points from a model test conducted
by Newlin and Rossier (9) for the case of total instantaneous drawdown from
full pool (k;/H, = 1.0). Noted that the agreement is very close.

X h, is not equal to zero, Eq. 5 is difficult to integrate directly. A numer-
ical scheme, shown in Fig. 3, was employed instead with the second-order
terms retained. Using this scheme, the exit point was located after instan-
taneous drawdown from full pool for various drawdown ratios (k,/k;). The
results are shown in Fig. 4.

For rapid but not instantaneous drawdown, &, is defined as a function of
time. In particular, let k; = H,; b, = H, - o¢ when ¢ =< lp; and bk, = H; -
oty = constant when ¢ > T in which ¢ = constant rate of drawdown and b=
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duration of drawdown. For this condition Fig. 5 locates the exit point during
drawdown from full pool for any time ¢ = tf. To locate the exit point for

1.0
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FIG. 7.—ELEVATION k, AFTER INSTANTANEOUS DRAWDOWN FROM FULL POOL
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FIG. 8.—ELEVATION k., DURING DRAWDOWN AT CONSTANT RATE FROM FULL
POOL

t > t, it is necessary to return to Fig. 4. Fig. 4 is entered from the left
with a value of (@ - #,)/(H, - h,) computed using the elevation of exit point
at #;. A value of [kt/(H n)] tan® @ (known as Tf) is thus determined for a

SM 1 PHREATIC SURFACE LOCATION 53

given value of h,/H,. The value of (a = ho)/(H, - h,) for t > t; is now that
ordinate corresponding to an abscissa of Ty + [k(t - tf)/(ch)] tan? @ and
the proper curve for h,/H,.

LOCATION OF #,

Once the location of the exit point has been established as a function of
time, it is possible to apply Eq. 2 and locate the phreatic surface. This was
done using a finite difference method known as the Alternating Direction
Explicit Procedure (ADEP) (1,8). Details of the solution technique are beyond
the scope of this paper and may be found elsewhere (4); only the results will
be given herein. i

Newlin and Rossier (9) provided an equation to evaluate h, after instan-
taneous drawdown from full pool. Although different parameters were used,
Newlin and Rossier’s Eq. 11 can be written as

K T s € kg Do = o\ By
ot a C(Hc_ho)ln[(l+2ﬂc_ho>hc ......... (1

in which C is a factor to be determined experimentally. Using model tests
with slopes of 2:1, 2-1/2:1, and 3:1, they found that factor C ranges between
0.3 and 0.7. Curves were presented using an average value of 0.5. Typical
curves are reproduced in Fig. 6 for drawdown ratios of 0.0 and 0.5. Also
shown in this figure are points calculated by ADEP. The relationship of
[kt/(Hon)) tan® @ to (h, - h,)/(H, - h,) is seen to be independent of slope
angle. This fact was also observed by Newlin and Rossier. The computed
points are seen to fall within the range of the factor C except for very large
values [k#/(H,n)] tan® a. Accordingly, Figs. 7 and 8 were developed using
ADEP. Fig. 7 evaluates i, for various drawdown ratios after instantaneous
drawdown from full pool. Fig. 8 evaluates %, for drawdown at a constant rate
from full pool for ¢ = t. Fort > iy the same procedure is followed as indi-
cated previously for the exit point. f

DRAWDOWN FROM PARTIAL POOL

If the initial pool ratio, h;/H,, is less than unity, the numerical scheme
shown in Fig. 3 will not give accurate resultsfor the location of the exit point.

t+dt

hi

FIG. 9.—LOCATION OF PHREATIC SURFACE A SHORT TIME AFTER DRAWDOWN
FROM PARTIAL POOL
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Eq. 3 is based upon the assumption that the elevation of the entire length- of
the phreatic surface from the exit point to the impervious core is changing

-3 ‘\\\ \ " h/H * 080 }
\\:t
MNN
7 06 \\Q\\\x\ |
: N
" \ :\%&
AN \ N\
: AR N\:\
y AW NG \g‘?
000! ool %mac !

FIG. 10.—ELEVATION OF EXIT POINT AFTER INSTANTANEOUS DRAWDOWN FROM
PARTIAL POOL (k;/Hc = 0.80)
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FIG. 11.—ELEVATION 4, AFTER INSTANTANEOUS DRAWDOWN FROM PARTIAL
POOL (k;/He = 0.80)

from the first increment of time. However, as shown in Fig. 9, if the initial
pool ratio is considerably less than unity a finite time is required before the

sM 1 PHREATIC SURFACE LOCATION 55

effect of the drawdown reaches the impervious core. This phenomenon has
been observed in model studies (4),and was accounted for in the finite differ-
ence program. Using ADEP, Figs. 10 and 11 were prepared which locate the
exit point and evaluate %, respectively, after instantaneous drawdown from
80 % partial pool.

If the initial pool ratio is only slightly less than unity, Figs. 4 and 5 may
be used to determine the time required for the exit point and k. to reach
given elevations. First find the time required to reach the given elevation and
then subtract the time which would be required to reach elevation ;. This
procedure may also be used with Figs. 7 and 8, but trial and error is re-
quired to match the proper drawdown ratio with the proper time.

LOCATION OF PHREATIC SURFACE

It has been found that after &, and the exit point have been located, the re-
mainder of the phreatic surface may be reasonably approximated by aparabola
subject to the following boundary conditions. At

x=0 hp=hc
=2 (HY <) SCUIta 7¥ Figst=-ai\ Y i TR Mrenert o el B e (8a)
= ﬂ:
x=0 S 0

The parabola conforming to these conditions was found to be

hy = kg - (g - @) (-g)’ ........................... (82)

in which D = (H, - a) ctn a.

EXPERIMENTAL VERIFICATION

To assure the validity of the foregoing analysis, tests were conducted with
Hele-Shaw viscous flow models (5,6,10), also referred to as thin slit models.
Two models were constructed with slopes of 1:1 (45°) and 2:1 (26.6°), re-
spectively. Virtually complete drainage of the models occurred within 5 min
after instantaneous drawdown, making direct measurements impractical. To
overcome this, the model tests were recorded on video tape, which produced
still frames at intervals of 1/60 sec. The results of two typical model tests
with the 2:1 slope model are indicated in Figs. 12 and 13.

Fig. 12 shows the results of total instantaneous drawdown from full pool.
The solid curves indicate the position of the phreatic surface in the model at
times of 5 sec, 15 sec, 30 sec, 60 sec, and 150 sec. The dashedlines show the
position of the phreatic surface as calculated using Figs. 4 and 7 and Eq. 8b.

Fig. 13(b) gives the results of a test in which the drawdown did not occur
instantaneously. The actual reservoir level variation with time is shown in
Fig. 13(a). For purposes of computation, a constant rate of drawdown was
assumed for the first 18 sec with a constant tailwater elevation thereafter.
This is shown as a dashed line. In Fig. 13(p) the model results are again
shown as solid lines, while the calculated phreatic surface locations are again
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B—DRAWDOWN AT CONSTANT RATE

shown as dashed lines. For the first 18 sec Figs. 5 and 8 were employed. For
time greater than 18 sec Figs. 4 and 7 were used.

CONCLUSIONS

It has been demonstrated that the location of the phreatic surface in tl}e
shell of a zoned embankment subjected to a rapid drawdown of reservoir
level may be predicted by the method of finite differences. The results ob-
tained have been reduced to simple curves and equations which lend them-

selves readily to hand computation.
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APPENDIX I1.-~NOTATION

The following symbols are used in this paper:

a = elevation of exit point;

C = experimental parameter;

D = (H, - a) ctn a;
H, = elevation of intersection of embankment slope with impervious

core;

k = total head at a point;

h = mean height of phreatic surface;

ke = elevation of phreatic surface at impervious core;
k; = initial elevation of reservoir;

h, = time dependent drawdown elevation of reservoir;
h, = elevation of phreatic surface at distance x;

Ila’ = isotropic coefficient of permeability;
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horizontal and vertical coefficients of permeability;
effective porosity;

discharge;

parameter dependent on #;

time;

time corresponding to end of drawdown at constant rate;
volume;

rectangular cartesian coordinates;

slope angle; and

constant rate of drawdown.
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DYNAMIC MODULI AND DAMPING RATIOS FOR A SOFT CLAY

By William D. Kovacs,® A. M. ASCE, H. Bolton Seed,? and
Clarence K. Chan,®* Members, ASCE

INTRODUC TION

In recent years, a number of studies have been made to determine the
response of soil to various dynamic loadings, such as nuclear blasts, ex-
plosions, steady-state machinery, and earthquakes. To evaluate the response
of soil to different dynamic loadings, it is necessary to determine the moduli
and damping factors of the various soil layers. While many studies have been
made to determine these factors for sand, few have been made onthe dynamic
properties of clay. ¢

Krizek and Franklin (11) analyzed the hysteresis loops produced by har-
monic torsional oscillations on a remoldedkaolin clay to obtain damping char-
acteristics. In their study, they used a Weissenberg Rheogoniometer to
perform the tests. The triaxial test was used by Taylor and Menzies [(17)—
sinusoidal load] and by Taylor and Bacchus [(16)—sinusoidal strain] to obtain
the damping characteristics of remolded clays from hysteresis loop data.
De Graft-Johnson (4) measured damping and elastic moduli of compacted cy-
lindrical samples of kaolinite in axial free-vibration tests. Humphries and
Wahls (7) studied the effects of stress history on the moduli of remolded ka~
olinite and bentonite clay. After being consolidated in a triaxial cell, steady-
state torsional vibrations were applied to the top of 1.4-in. diam specimens,
and the shear moduli were evaluated by resonant-column techniques. Hardin
and Black (5) also used resonant-column techniques to evaluate the shear
moduli of extruded specimens of kaolinite.

During an earthquake, the ground motions that develop near the surface of

Note,—Discussion open until June 1, 1971. To extend the closing date one month, a
written request must be filed with the Executive Director, ASCE, This paper is part of
the copyrighted Journal of the Soil Mechanics and Foundations Division, Proceedings of
the American Society of Civil Engineers, Vol. 97, No. SM1, January, 1971. Manuscript
was submitted for review for possible publication on April 16, 1970.
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