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| INTRODUCTION

amic disturbances 1ike
sarthquakes, the shaking of ground may
cause many detrimental effects. One of
them is called soil liquefaction. Due
to ground oscillations, soils lose

their strength and liquefy resulting 1n
flow failures or lateral spreads or
sand boils. The catastrophic damages
they cause make it imperative to make a
sore realistic evaluation of potential

danger to liquefaction. Many
experimental studies have been based on

the principle of subjecting
representative soil elements to the
same kind of loading conditions 1n the
laboratory as they would encounter 1n
”_'9 field, and assessing the probable
field performance from the resulting
behavior of the laboratory test
:mimﬂs- However, concensus exists
ofﬁth’cht-'nr'e are significant limitations
]m e parameters determined in the
Hqu;a'to" that are used in
1mlmat:t’ian risk analysis, due to the
Conﬂit:ty to simulate the field loading

Cu ons in the laboratory.

Lurrent laboratory procedure 1ike

guring dyn

~ 9clic triaxial test allows for only

Unidirectional evaluation, but stresses
Multidirectional in such
ourrences as earthquakes. A neéw
tovo-controlled cyclic multiaxial
i3 ce has been built to

developed and used to study the mechanism of seismic liquefaction.
tress path that could be severe to cause liquefaction.

s are observed to overestimate
1ic Rotational Circular and Cyclic Rotation Elliptic stress paths are

han Conventional Cyclic Triaxial and Cyclic Pure Shear Stress paths.

GTRACT Seis Bex .
1dentification of Ehe 11quefagtign potential of vulnerable soil deposits
Bk ]dmore realistic eya]uation of liquefaction potential
Aue ield earthquake loading conditions are considered either
new servo-controlled three-dimensional cyclic loading device

The study
The con-

the resistance of soils to liquefaction.

simulate the earthquake loading
conditions in the laboratory. The

device provides a more realistic

improved evaluation of the shear stress
causing liquefaction. A comprehensive

series of tests have been run On
samples of Monterey 0/30 sand following

different stress paths. Effect of
stress path and multidirectional
loading on seismic liquefaction 1s

reported and discussed.

2 NARRATIVE

The conceptual and theoretical
understanding of the phenomenon of
liquefaction has been addressed
adequately. Field and laboratory test
procedures 1o evaluate liquefaction
potential are refined to minimize the

error with limited success.
Multidirectional loading on a soil
element as experienced in an earthquake
would be more severe than one
directional loading and pore pressures
would build up faster than under
unidirectional stress conditions.
While it is known that the potential
for soil liquefaction ijs greater when
the soil is loaded in simple shear
stress path, there are many factors

that are not understood. During
earthquakes, the soil element could be
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Ml The device is a stress controlled one,
stress path. Cyclic triaxial Capable of Simultaneously applying
» Cyclic simple shear independently controllable three-

[ tests and torsi ' -
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i limitations tq aggle:hear_t%ts have g;ﬁnsmn‘?] toading B LA8 Lampie.
ﬂd((il;)esg these issyes his research tq gr:;’;Bl:S NOY‘EM strains and pore
efine the behays can be measured during
Eh ' - ‘ i
S011 under ; th.—ee-d?””?‘ résponse of testing. Tests can be conducted on 4
E?Hronment_ mensional loading ;nch (10.16 cm) cubical sample
11 ‘ 10
dIffgrgrtw:dy - "esponse of ¢4 uﬁ!lowmg'any stress path, The t"?k"ti%
(111) Vorsty gyagTathts ang 01" e ()€, Sanita ot (1) o muttiasial el
" Woradky ventional tests | @St resulte Pressure sensing transducers and
5 from thj Y Compa deformat ; . 4)
oo 0/30 Saﬂd. : researCh by Ho:;gng e.'ECtmat.!on GEtECt]ng traﬂSdUCErSr ( "
;- erey "Onic control units. and (5) @
E ?Z“’ acquisition system. The generd
' JOUL of test setup is shown in FI0V"

: “ross-sectional plan of the &%
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FIGURE 2. CROSS-SECTIONAL VIEW OF

cell is shown in Figure 2. The
pressure vessel on each face, housing
three linear variable Differential
Transducers (LVDTA, is designed for
1500 psi (1.03x10

'he loads are applied to soil sample

through pressurized flexible membranes.

A hydralﬂic u : .
pressure inpﬁt?'p supplies the required

An electronic servo-control system

tontrols the flow of fluid into the

?f,ﬁss‘"‘e vessels through servo-valves.
cIOSEd“?SSUTe transducer fitted in the
*d loop electronic servo-control

Sy |
AYStea gives feedback as it monitors.

m,gti"“fﬂgent?rator provides the

Membrane Cell

kpa) fluid pressure.

A AR AAA AN

LR RLTRRRLRRRY

545

Fluid Inlet

7477

.
\

A

b

77T

Cylinder, attached to wall

LOADING AND DEFORMATION MEASURING MECHANISM

desired frequency of cyclic loading on
the sample. Tests have been conducted

following cyclic conventional triaxial
compression, cyclic sample shear,
cyclic ~otational elliptic and cyclic
rotational circular stress paths.

4 TESTING

Soil samples are prepared 1S 3 special
sample preparation mold. The mold
serves to contain the sample to the
desired relative density and also

serves as a membrane stretcher. The




FIGURE 3.

IMEN MOLD.
RANE STRETCHER AMD SPEC
MEMB

Cavity of the cell frame

An assembled View of the t
Shown in Figure 4.

ad
allowed to consolidate before the 1o
| lied. i
15Tﬁﬁe}pear‘thquake random 10ad1g?n$§' |
répresented by sinusoidal ]Oacond)is
frequency of 1 Hz (1 cycle/se As the
Chosen for load application. eSSures
test s performed, the pore pr of the
and displacements of the face5(jby the
011 are monitored and recorde ch test
microcomputer, The data for ej can DE
1S stored on a floppy disk, an :
irmnediately displayed for V1Suadata are
inspection. Subsequently, the
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its reprodut ot 7 ceveral
has been testd Fy of the g to its

ral ri : _
structu device_15t °° deformat 107

r
<hown that the device 15 the load

membrane very flexi
application Jstsgt
it has prove _ ~eliable
generate reproducible and cyclic tests

| | d
ts. Finally static an _ 4o
;gse been performed With loading pat

which simulated those of_convent1ona]
tests. The results obtained are |

comparted to those of.conven§1ona
tests on identical soil specimens

shown in Figures 5 and 6. _
In addition ot the conventional

stress paths, tests have also been
conducted following cyclic rotational
ellipse and cyclic rotational circular
stress paths. In many California
earthquakes, the horizontal ground
distortion has been observed to be
twice that of the vertical. To
simulate this type of effect, the
cyclic rotational ellipse (CRE) loading
1s used. Two versions of the CRE tests
dre used, one applied to avoid any
change in octahedral normal stress
called cyclic rotational ellipse - pure
shear, and another SO that the same
type of change in octahedral normal
stress as in the conventional triaxial
ga!led cyclic rotationa] elliptic-
r1ax1al. The resylts are shown in

ng

and

s DISCUSSION OF TEST RESULTS

test results avajiy..
t of the abla ;.
Mo S 1iterature are for Mﬁﬁtergy el

The physical propertiec (0

?ig?ading the grain size digtfiﬁﬂwp
are not mugh d1ffefent frgm Mgﬂbgﬁjﬁ
0/30 used in this investigatig,  °Y
Therefore, the comparisons gf acs
BENES DR Bonterey sand 4 0/39 ¢

: B RPN ia]l 1.
onventional cyclic B
?CTC) in servo-controlled m“]tiaxé
device made with the results o,

Monterey Sand # 0 for CTC ]Dading i
cyclic triaxial test device (4 f.

regarded fairly reasonable, .
and 6 show comparisons of cycjj. ° O
strengths of wet-tamped and ;i,

pluviated soil specimens, |j Fiqure -
Silver's results are for Monterey wj,

sand Muzzy's for Monterey 0/30 sand
The test results reported shgy that
when the soil 1is subjected tq threea.
dimensional loading environment, tp.
resistance to liquefaction i< smalley
Figure 6 gives the plot of cyclic
stress ratio versus number of Cyclec
for the tests performed with d relatiy.
density of 60%, along with Lhose fr‘om“
other similar investigations using
pluviated samples. The spoij] SPecimenc
tested i1n the servo-controlled
Multiaxial Device require 3 slightly
higher number of cycles to reach
liquefaction. This may be dye Lo the
fact that the triaxial samples
typically fail by necking on extension
cycle, a factor that does not enter in
to the Multiaxial Tests.

Figures 7 and 8 show comparison of
cyclic strength by the LIC, CPS, CRE
and CRC series of loading. Both cyclic
triaxial (CTC) and Cyclic pure shear

(10)

-
-~ Y
d |

_ When the soil sample
1S subjected CRC loading the soil
offers the least resistance to
liquefaction. Therefore, a study on
the performance of so1ls in California
earthquakes by CTC or CPS tests would

result only on underestimation of the
Severity,

Senfw SerVO*Contro]led Multiaxial |
1o;d$e developed could impart cyclic
an 79 0n a cubical specimen following
Dr¥ gy Path. Jump rotation of
NCipal stresses by 90 degrees is

POSsible in this stress controlled

+ Transient loading conditions
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Cyclic F
the soil

' faction.
e distortions are€

conditions.
loading makes
resistance to

where horizontal ground :
twice that of the vertical, CyclicC

Triaxial tests would on]y'underest1ma$e
the severity of liquefaction potential.
As this device can measure medium tO
large levels of strains without any
difficulty, especially in two-
dimensional and three-dimensional
cyclic loading conditions, 1t could be
used in the future to measure
cumulative permanent deformations due
to successive shocks.
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