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ABSTRACT: Some triaxial tests are performed under random excitations controlled by microcom—
puter.Different resistances to licquefaction of sand for various waves having different wave
orders and frequencies are obtained.In this study undrained dynamic triaxial tests are per—
formed by changing shock order or shock frequency in a given loading pattern.If is found

that the increases of pore water pressure change for different wave order and frequency.Some
conclusions about the effects of wave order and frequency on the resistance to liquefaction

of sand are worked out based on the tests and theoretical calculation.

1 INTRODUCTION

The shear stresses in earthquak motions are
random.Usually uniform sinusoidal loading
patterns are performed in laboratories to
evaluate strengths against liquefaction in
laboratories,but wave order's and wave frequ—
ency's effect on strengths aren't considered.
Some results of random loadings stated that
resistances to liquefaction were affected by
wave order in randou excitations obviously.
By now, somebody believed that there isn't
relation hetween resistance and cycle fre—
quency (from 0.05 Hz to 4 Hz) in uniform loa—
dings,but It isn't known how the wave fre—
quency in random loadings influences the
strength of a sand.

In this paper, we perform some uncdrained
triaxial tests of irregular loadings on a
saturated sand of widdle density to obtain
the relations between resistance to lique-
faction and wave order and bhetween resistance
to liquefaction and wave (requency.

2 TRIAXIAL TESTS FOR RANDOM ENCITATTONS

Dynawic triaxial tests are performed on
a electro=licquid servo dynamic triaxial
apparatus conlroled by microcomputer system.
The specimens are 150cm in height ,75cm in
diameter. Test material is a sand of mediam
density(d,=0.32mm) . After being taken shapes,
specimens are of relative density of 0.63%.
Specimens are consolidated isotropically to
an effective confining pressure of 98KN/in*
with a back pressure of 196KN/w' after being
salurated.
For the dynamic triaxial apparatus, the
cdnanic friction force and the static fric—
tion force in it are all small and input
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excitations and output excitations are almost
same as shown in Fig.l.

h
(2)

Fig.l. compareing input loading(l) and output
loading(2).

In this paper, the liquefaction standard we
believe is that pore water pressures in sand
specinens just rise to the initial active
confining pressures in them after they are
actted by a entirs test loading: Here, we
take Lhe waximum shear stresses( Twax) in
irregular loading. inducing licuefaction for
the resistances to liquefaction in order to
compare them each orther.

3 WAVE ORDER'S EFFECT ON LIQUEFACTION

The test loading we used have three kinds of
shock irregular patterns, in which there are
20 cycles of same frequency (1HZ). The posi-—
tions of the biggest pulses in the three
test patterns are different as shown in Fig.2

Many irregular loadings controled by a com—
puter act on sand specimens separately and
the irregular loadings inducing liquefaction
are found at last.

The test results of three irregular loading
patterns are described below:

For a sand, the resistances to liquefaction
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Fig.2. irregular loading patterns.

change if wave orders of loadings on it
change. The later the biggest cycle in the
irregular loading appears the higher the
resistance to liquefaction is as shown in
Fig.3.and Tab.l. The main factor that raises
the pore water pressure is the biggest pulse
in a test irregular loading as shown in Fig.4.
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Fig.3. Typical recorded time histories of
(a)shear stress (b)shear strain (¢)excess
pore pressure at liquefaction.

1414

U ¢ kN/m?y

" A

AATNR e N
\ /-\,\ 2)

([4D]

4 10 20
t 5

Fig.4.Time history of pore water pressure by
loading(l)pattern a (2)pattern b (3)pattern c.

Tab.1.

Loading pattern (a) (b) (c)
Frequency(Hz) 1 1 1
Tmax/ a6 0.290 0.300 0.315

If we make a test irregular loading into
four parts as shown in Fig.5, the one(Part d)
consists the biggest amplitude pulse, the
others(Part e, f and g) are composed of all
small amplitude pulses(the amplitudes of
which are all smaller than 60% of the biggest
amplitude of pulses). Between the two test
irregular loadings, part e and part g are
same, but the positions of part d and part f
are just opposite. Here , we discuss mainly
the rising of the pore water pressures by
part d and part f. Some triaxial tests for
the two loading patterns are performed and
we obtain that on the results of tests as
shown in Tab.2: the pore water pressure by
the part consisting biggest pulse is much
higher than that by the part consisting the
small pulses(ug/u=2.7~6.5%, and u«/u=16.5
~38.7), and the difference between the two
pore water pressures increases when the irre—
gular loading increases. For the same cycle
amplitudes, the earlier the large pulses
appear, the highier the pore water pressures
rise.
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Fig.5. Separating of loading for computing
pore water pressure.



Tab.2. Test Results *®
tmax/ o ulkn/m)  w/u(X) us/u()
irregular 0.23 30 60.3 32.1
loading 0.27 75 68.2 32.1
pattern(a) 0.28 70 70.4 16.5
0.29 100 59.0 38.7
irregular 0.29 47 82.8 6.5
loading 0.32 100 84.6 2.7

pattern(c)
u-pore water pressure by test loadings.
rpore water pressure by part d in test
loadings.
pore water pressure by part f in test
loadings .

We go further into the relations of wave
orders and pore water pressures on calcula-—
ting the pore water pressures in irregular
loadings. In this paper, it is believed that
a randown excitation is composed of wany uni-
form sinusoidal waves, the amplitudes and
frequencies of which are different. each other
The increase of pore pressures by wuniform
sinusoidal waves can he calculated with the
formulaproposed by Seed & Martin 1976]:

Uoy = Oy /2+asesin® [2(N/N)¥-11/n

so the increase of pore waler pressures by
excital fons can be obtained hy cumulating
that hy uniform sinusoidal waves in the ir—
regular excitabions.,

The irregular loadings we caloulate are Lhe
test loadings as shown in Fig.5. Here, the
initial active confining stress( (r‘,"; ) winus
the pore water pressure(uly ) of ithe last si-
misoidal wave is taken for the initial active
confing stress( o4 ) of the next sinusoidal
wave in a irregular loading, and N is regard—
ed as the munber of uniforw sinusoidal cycles
in a irregular loading. Sowe undrained tria-—
xial tests of uniform loading on the saturated
sand are performed and the Ny is obtained which
is the number of wniform loading cycles to
liquefaction as shown in Fig.6. The results of
calculating show the same features as that of
tests about the increase of pore water pre—
ssure by the irregular loadings as in Fig.7.
and Tab.3.
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Fig.6. Relationship between ratio and number
of cycles by wniform loading,
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Fig.7. Relationships between maximum stress
ratio and pore pressure ratio by random loa—
ding(a) & (C).

Tab.3. computing Restults *°
tmax/ o’ u(kN/m) ua/u(¥) ug /()
irregular  0.25 35 82.8 17.2
loading 0.26 43 79.0 21.0
pattern(a) 0.28 74 63.8 36.2
0.282 91 55.5 44,5
irregular 0.25 32 94 .4 5.6
loading 0.26 39 94.9 5.1
pattern(c) 0.28 60 95.0 5.0
0.30 67 95.4 4.6
0.32 100 95.7 5.3

u-pore water pressure by calculating
loadings.

uy—-pore water pressure by part d in
calculating loadings.

ug—pore water pressure by part f in
calculating loadings.

4 WAVE FREQUENCY'S EFFECT ON LIQUEFACTION

The frequencies in earthqueck loadings are
random. In this paper, the test loading pat-
tern we use is shown in Fig.%(c¢), in which
the biggest pulse appears behind the small
pulses. The frequency of cycles in the ir-
regular loading used is given 0.05Hz, 0.3Hz,
1Hz, 4Hz and 6Hz respectively and the lasting
time of the irregular loading used is 400s,
40s, 20s, 5s and 3.33s respetively.

On the results of tests, we find that: (1)
for the given random loading pattern, the
resistance to liquefaction for the sand in—
creases with the increases of pulse frequency
and this tendency is seemly obvious in the
range about 0.5Hz to 4Hz of frequency as
shown in Fig.8. and Tab.4.; (2) the pore wa—
ter pressure decreases when the pulse fre-
quency increases as shown in Fig.9.

Tab. 4.

wave frequency 0.05 0.5 1 4 6
(Hz)

lasting time for 400 40 20 5 3.33

shock(s)

Tmax/ o, 0.36 0.38

0.21 0.24 0.32
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Fig.8.Relationship between waximum stress

ratio and wave frequency of irregular loadings.
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Fig.9.Relationships between maximum stress
ratio and pore water pressure of irregular
loadings having wave frequency of (1)0.05Hz
(2)0.5Hz (3)1Hz (4)4Hz (5)6Hz.

Why have the such test results been ob—
tained? we believe primarily that: (1) on
one hand, the behavier of a sand acted hy
fast changing loadings should changes for
the dynanic leoading would approache the
atic loading when the wave frequency de—
creases a great deal and the dynamic strength
of sand is different from the static strength
of it;(2) on another hand, the lasting time
of loadings decrease with wave frequencies'in-—
crease for same numbers of shock cycles, so
fh«-» resistances to liquefaction of sand in—
when the wave frequencies in the ir—
r«=5,nl=1r‘ loadings increase.

For the limited nmuber of tests about wave
frequency, the study in this paper is only
prelininary and there would be many problems
Lo be solved through tests in Muture,

5 CONCLUSTIONS

Or the basis of the limited number of tests
reported and approximake theoretical caloula—
tion in this paper, the followings are found:

(1).The liquefaction of a sand chiefly de—
pends on the large amplitude pulses in random
loadings for shock patterns, and the function
by small amplitude pulses is relatively
little.

(2).The resistance to liquefaction of a sand
changes while the wave order in a random load-—
ing changes. For a given irregular leading
pattern, the earlier large amplitude pulses
HPPEAY in the loading pattern, the
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less the resistance to liguefaction would be
because the pore pressures increase faster and
the active confining pressures decrease rapi-
der in sand.

(3).The resistances to liquefaction of sand
change with the changing of the wave frequen—
cies in a random loading. For a given irregu—
lar loading pattern, the resistance to lique-
faction increases with increasing of pulse
frequency for the acting time by the excita—
tion decreases correspondingly.
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