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SINOPSIS

Dynamic triaxial compression tests were carried out under several
loading conditions on the cell pressure, frequency and magnitude of
the axial pressure, on cohesive soils in the range of 0.5 kg/cm?to 16
.0 kg/cm?of static unconfined compressive strength. By the tests
under the stationary stress waves, following results are obtained;
the plastic strain induced by repeated stress converges on a certain
strain or progresses to the failure according to the magnitude of the
stress; dynamic modulus of elasticity, coefficient of viscosity,
Poisson's ratio and dynamic strength are related to the static
strength and the loading conditions.

SYIBOLS

mean value of the effective axial repeated stress ( ke/cn?).

g =

¢ = amplitude of the effective axial repeated stress ( kg/cm?).

¢® = mean axial strein ( % ). € = amplitude of axiel strain ( % ).
g; = plastic axial strain ( % ). ° t = time ( sec ).

Em’ E_ = dynamic modulus of elasticity in case where Maxwell's model

or Voigt's model is assumed respectively.( kg/cm®).
’ 7v = dynamic coefficient of viscoB8ity in case where Maxwell's model
or Voigt's model is assumed respectively.( kgisec/cm?).

-
=]

@ .= circular frequency ( 1/sec )« ¢ = loss angle.
Q "= loss tangent

INTRODUCTION

The purpose of this report is to present the appropriate mechani-
cal behavicrs of undisturbed cohesive soils under earthcuake load.
From results of an experimental study, plastic strain, elastic constan-—
ts, yield and strength are obtained in dynamically. The behaviors are
affected to the static strength, friquency and magnitude of repeated
stress, confining stress and anisotropy of the soils. The results will
be usefull on the dynamic design of structures considered with earth-

quake.
APPARATUS

Dynamic triaxial compression test equipment used for this report
is illustrated in Fig. 1. The tube specimen is confined with water
pressed by air and loaded vertically through a loading shaft by oil
pressure. Confining pressure is adjusted statically by means of air
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valve with pressure gauge, and axial load is adjusted statically or
oscillatory by means of servomechanism and oscillator.

Axial stress, axial strain, volumetric strain and pore water pre—
ssure are amplified and recorded on an electro magnetic oscillograph
paper. Laximum speed of the paper feed is 1.0 m/sec, and timing lines
at each 1/100 sec. are marked.

TEST PROCEDURE

The tested soils were got from nine different locations near
Tokyos These soils are classified to clay, silty clay, silty loam and
silty clay loam. The static unconfined compressive strength were in
the range of 0.5 kg/cm? to 16.0 kg/cm®. The specimens were cutted off
from large block samples and trimed to 50 mm diameter, 125 mm height
and in the directions of vertical, horizontal and oblique angle 45 deg.
in order to see the effect of the direction in ground to mechanical
behavior.

At least three specimens trimed to each direction from one block
sample were tested by statical loading under different confined pres-
sures from O to 3 kg/cm*. Dynamic loading tests were carried out under
sare confined pressures as the static tests. Repeated axial pressure
was sine curve shaped stetionary load and the frequencies were taken
some appropriate values from 0,3 Hz to 30 Hz to each soil.

Every soils were deformed plastically with repetition of the stre-
ss, and the plastic strain by each stress wave reduces under less stre-
sses than a endurance limit, but under more stresses than the limit,
plastic strain increases to failure. This behavior is classified into
five tipical curves on the relation of the plastic strain and logarith-
nic number of the stress pulses, asshown in Fig. 2. These are; 1. the
increment of the plastic strein obtained by one pulse of the dynamic
stress decreases to zero gradually and the total plastic straines con-
verge to a certain value. 2. The increment of the plastic strain by
each pulse decreases gradually and the curve is oblique straight line.
3. once the increments of the plastlc strain decrease to zero, and
thereafter increase to feilure suddenly. 4. the increments of th
plastic strain decrease gradually as the curve is a straight line, and
thereafter increase to failure suddenly. 5. the increments of the
plastic strain increase to failure and the curve decline.

Accordingly, it seems that behaviors of soils could be researched
from the three points of view as follows; 1. the mechanical behavior
before plastic strain converges to a critical value. 2. the station-
ary elastic response after plastic strain converges to the critical
value. 3. the mechanical behavior of yield and failure.

For many soils the endurance limit were nearly equal to the values
of the static strengths, but for weak soils as the static strength is
less than 1.0 kg/cmZand yield point is indistinct, the limits were
considerably less than the static strength. Under repeated loads less
than 70 % of the static strength, the plastic strains of many soils
increasedto a certain value, however in the weak seoils increments of
the plastic strain were almost stationary value and the failure didn't
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occur suddenly.

When the maximum value of the repeated stress is less than about
70 % of the static strength, the behavior of soils may be considered
to be in stationary state. In this research, dynamic elastic behavior
was observed %o the amplitude of the repeated stress from 1/3 to 2/3
of the static strength of the soil. The range of amplitude correspon-
ds to the stress of soil under the foundation occured by the earth-
quake design load in Japan.

The relatiori of failure surfaces of a soil in ground and the test
specimers are shown in Fig. 3. In the figure, the case where the
angle between the axis of principal stress and the failure surface is
45 deg. is shcown. On the tested samples, the direction of failure
surface was not in a specific direction of ground.

Influence of the pore water pressure to the effective stress dur-
ing stationary response was negligible small,

Response of so0il to the repeated load in ‘the range mentioned
above may be substituted by a model consisted of some combinations of
elastic spring and dashpot. When Mexwell's model or Voigt's model
is assumed, the coefficients can be estimated from the test results on
the response amplitudes and phase differences between the load and the
Tesponse.,

By liaxwell's model, under the stress o = g, = o coswt,( 6.2 ¢ )
the sirain is represented as follows; : & o

5& O& .
= —= t - & cos{wt- from € 8+ -Lo
R (wt-9) < 50t
where - v 1. Em - B m
20 Em/} U 72 2 b] 90 = tan mn w
if € ,t,oo are given, GE 4
In =
and if o ,w,E ,¢ are given, F
6o _ O

Em = = :
" € cos @ ) ?m Eo - -Siny

By Voigt's model, under the stress o = ¢, - 0 coswt,
the strain Is represented as follows; & °

£ = g"- € COS (wt ¢) from 7Vé fEVE =0
%
where _ 0% -1 9, w
T TEeee; , T T
if Es,do,(9,¢ are given
E = G LOS? _ o 61:77,9
v £ s 71/ o 0

Damping of the soil is represented by loss tangent Q- = tan ¢
either model, where ¢ is the phase difference between the load and the
TesSponse.
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TEST RESULTS

PLASTIC STRAIN Static yield strain decreases rapidly with the increzze
of static strength, but when the static strength is more than 2 kg/cm?
the yield strain doesn't so much vary., The curve 1 in Fig.4 shows the
fact. The relation between the plastic strains cccured by a same nwrn—
ber of repetition of the stress and the static sirength has a similar
tendency to that of the yield strain and the siatic strength,

The plastic strains occured by 10 pulses of the stresses of 90 %
and 70 % of the static strength are shown by curves 2 and 3 in Fig.4.

DYNAMIC LODULUS OF ELASTICITY was not so much affected from assumed
model. In some soils the value increases slightly with increase of
frequency, but the variation is not so large.

Hodulus of elasticity is related with the static strength and the
range of stresses. In the case where the range of repeeted stress is
in 1/3 to 2/3 of static strength of thelsoil, dynamic modulus of elas—
ticity has 2 certain value between the stetic modulus and dynemic
modulus estimated by means of the theory of elastic wave using the
resulis of elastic wave test on ground, as shown in Fig. 7. The result
maey be caused by the rate and the range of stresses.

Effect of confining stress to dynamic or static modulus of elasz-—
ticity may be estimated by the use of increased static strength with
the confining stress.

As the test results on the specimens trimed in the directions of
vertical, obligue angle 45 deg. and horizontal in ground, it is obtain-—
ed that the order of values of moduli of elasticity was the same order
as above, but the variation was not so much as over the range of the
scatter on the tested soils,

DYNAIZIC POISSON'S RATIO din the range of stationary response was not
different from the static value regardless of confining sitress, magni-
tude of repeated stress, frequency and direction of specimen.

Dynamic and static Poisson's ratios of soils were related with
static strength and closed mutually, as shown in Fig.9 .

DYIALTC COEFFICIENT OF VISCOSITY 7m and 7 were reduced rapidly with
increasing of frequency. There is a large difference between the co-
efficients assumed Maxwell's and Voigt's models. When Iaxwell's model
is assumed, the coefficient estimated from creep strain ¢ m was quite
different from the value 7m estimated from loss angley, and was not
affected from frequency. The coefficient of viscosity ¢¥ m of a cer-—
tain weak soil specimen trimed horizontal was about a quater of the
values of vertical or 45 deg.'s one.

The coefficient c7?m is related with the static sirength as showm
in F‘ig. 10 o -1

Loss tangent Q don't so much vary with the friguency, and the
directions of specimen. The value of loss tangent Qfl is related
with the static strength as shown in Fig.8 .

YIELD During plastic strain increases to failure, envelope of the
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peaks of repeated strains was similar to the static curve as shown in
Fig, 12. Envelope of the peaks of the curve of pore water pressure
and the axial strain was also similar to static curve.

The increment of plastic strain per one pulse was minirum at the
strain near the static yield strain. It is suggested that the dynamic
yield point is this point. Dynamic yield stress was about five per
cent smaller than the dynemic strength in case of s0il specimen broke

by the same number of cycles as yield, as shown in Fig.l1l4 .

Poisson's ratio become 0.5 after yield to failure.

FATLURE The ratio of the dynamic strength to the static strength
was related to the number of repetitions +ill failure.

Dynamic failure was mostly caused slide at shearing face as static
failure.,

Under a certain ratio in per centage, Sn’ of the repeated stress
to the static strength, soil break after a number, I , of repeated
cycles. The relation between logarithmyof Sn and I is represented by
& linear line ak shovwn in Fig.1l4 . Then the line is determined by S
and the inclination (Y. Standard deviation to the line was about 20
% to most of tested soils and scatter wes large. S, were about 200 %
to 90 %, and it should seem tkat larger S1 vaelue is obtained to the
soil of larger static sitrength.

1

When soils had static internal friction or broke in a few number
of cycles, dynamic internal friction was larger than the static value,
whereas when soils had no static internal friction or broke after many
number of cycles; dynamic internal friction was equal to the static
value.

CONCLUSION

By the dynamic triaxial compression tests, it is found that the
dynamic behaviors of soil may be related with +the static strength, the
range of repeated stress, and the progress of plastic strain.

When the test results are used in the dynamic analysis of struc—
tures, it should be taken care that +the moduli of elasticity estimated
from static test, dynamic tests,and elastic wave test differ fairly in
the value, and the value of cocefficient of viscosity varies by the
selected lkodel.
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