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Session 7: Stability of natural deposits during earthquakes
Séance 7: Stabilité sismique des depots naturels

Comments on Session 7A: Stability of natural

deposits during earthquakes
A.J.LBOLOGNESl, Argentina

I would like to make a very brief comment on the
efficiency of drains to control seismic pore
pressures, efficiency depending essentially on
the coefficient of consolidation on the
reloading curve of the consolidation process.
This coefficient is vcry large for gravels
without fines (GW and GP) and for that reason
drainage is a logical solution to maintain
seismic pore pressures below pre-established
values in that type of gravel deposits or
embankments. It is considerably smaller for
sands and that explains the doubtful results
obtained in this case both in model tests and in
the field, where it requires uneconomical
spacing of drains.

Session 7B: Seismic stability of natural slopes
JEY K.JEYAPALAN, Director of Vlhsconsin Hazardous Waste

Management Center, University ol Vlhsconsin-Madison, Vlhsoonsin,
USA

Professor S. Prakash (India) opened the session
with an overview of shear strength determina
tion for the evaluation of seismic stability of
natural slopes. He emphasized the significance
of back analyses to determine shear strength
properties. Professor Z. Wang (China) chaired
the remainder of the discussion session.

Professor N. Sitar (U.S.A.) presented some very
interesting results from a detailed investiga
tion on the seismic response of slopes in
granular and cemented soils. He indicated that
cemented soils such as fluvial sands, gravels,
and volcanic ash showed a tendency to stand in
very steep slopes. He mentioned that when
these soils are subjected to seismic loading,
they fail in tension in the upper part of the
slopes followed by either toppling or sliding.
Professor Sitar showed based on laboratory test
results that these materials are unlikely to
fail in compression and that their strength in
cyclic triaxial tests is independent of the
initial state of shear stress. He also
mentioned that further research is required in
order to develop a better understanding of the
strength behavior of cemented soils under
cyclic loading and on the shear stresses
generated in steep slopes during earthquakes.

Professor S. Bhatia (U.S.A.) presented the
results of cyclic triaxial, simple shear,
shaking table, and torsional shear tests.
She also mentioned that existing studies had
succeeded in demonstrating qualitatively the
importance of shear stress reversal, maximum
shear stress and initial shear stress but had
failed to establish a unified criterion for
liquefaction evaluation. Perhaps, the under
lying reason might be that these researchers
were relating liquefaction potential to stress
parameters. Professor Bhatia indicated that
some researchers now realize that liquefaction
potential can be analyzed better by strain
method than by the conventional stress method.
She quoted that Ishibashi, Kawamura and Bhatia
have conducted series of tests to investigate
the influence of static shearing from strain
controlled tests and these tests results
indicate that the application of the initial
shear strain has little influence on the
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porewater pressure build-up under uniform
cyclic strain application.

Dr. R. Chaney (U.S.A) indicated that
displacement-type analysis can be an important
method in evaluating seismic loading effect on
slopes. Lee, Serff, Makdisi and Chaney have
developed more rigorous methods of estimating
the permanent deformations experienced by
earth structures during a seismic loading. He
also mentioned that these methods follow Seed's
approach for calculating the factor of safety
and strain potential for individual elements.
Differences between the two methods depend on
procedures used to calculate deformations from
the strain potential values. Dr. Chaney
mentioned that the procedure, initially
developed by Lee, involves the concept in which
permanent seismic deformations of a slope may
be computed by evaluating dynamically induced
softened slope stiffness values for soil
elements with the resultant settling of the
slope to a new condition being compatible with
pseudo or apparent stress-strain properties of
the soils comprising the slope. He mentioned
that this method has been extended by him for
partially saturated soils, and for marine
soils.

Dr. V. Perlea (Romania) presented a discussion
on the analyses of the failure mechanism due
to redistribution of earthquake-induced pore
pressure migrating from partially liquefied
lenses to weak cohesive layers. After a
shallow slide occurs, the decrease in the
overburden pressure determines the total lique
faction of deeper partially liquefied layers,
and the failure quickly propagates downwards.
The slides of this type can be prevented by
relief wells extended down to the liquefiable
lenses. He mentioned that the proposed model
was verified on a soil profile encountered in
an epicentral zone of Romania. The time
between the end of the earthquake and the
slide occurrence was found to range between
tens of minutes to tens of hours, depending
on the permeability and compressibility
properties. Initially 4 meters deep, the
failure quickly reached the whole depth (22
meters) of the alluvial stratum.

Professor K. Arulanandan (U.S.A.) stressed the
value of centrifuge modelling in earthquake
engineering.

Professor M. Silver (U.S.A.) presented the
details of back analysis procedures for cyclic
strength evaluation for natural slopes.

Professor P. Vaughan (U.K.) discussed the
significance of seismic strength of shear zones
formed in natural slopes due to earthquake
shaking. He mentioned that more research is
required in determining the influence of these
narrow shear bands on the overall stability of
the slope shaken by earthquakes.

Drs. E. Taniguchi and Y. Sasaki (Japan) pre
sented the seismic stability analyses for a
landslide at Matsukoshi, Nagano, Japan, caused
by the Naganoken Seibu Earthquake of
September 14, 1984. The analyses used dynamic
shear strength values obtained from cyclic
triaxial tests. The primary cause of the slope
failure was that the pumice layer with low
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strength existed and thick volcanic soils were
loading the pumice layer as overburden.

Jeyapalan (U.S.A.) presented the results of a
detailed investigation of the consequences of
seismically-induced potential flow slides of
sediments at Tarbela dam in Pakistan.

Professor F. Schlosser (France) discussed the
liquefaction potential of loose sand seams in
marine slopes. Two case histories of land
slides in marine slopes, due to liquefaction
of loose sand seams located inside of a silt
layer, were presented. The first one was
related to the failure of the Port of Nice in
1979, the second one concerned a flow slide in
sand cuts at the Port of Dunkirk in 1984.
Professor Schlosser mentioned that although it
appeared that-the initiation of the failure
could have been different in the two cases,
the triggering mechanism was the same: it was
the generation of pore pressures in the loose
sand under a sudden increase of the shear
stresses and consequently the sharp decrease of
the shear resistance in the sand seams. He
said that the prediction of the corresponding
liquefaction potential required on adapted soil
investigation, generally with the use of
piezocone, and typical static liquefaction
laboratory tests as described by Castro and
Seed, and those developed by Seed.

Professor K. Ishihara (Japan) summarized the
session. He mentioned that the assessment of
seismic stability of slopes cannot be made
successfully unless consideration is given to
local geological and groundwater conditions.
He also reported that most frequently,seis
mically-induced natural slope failures involved
weathered shales, weathered limestones,
volcanic soils, and cemented soils. He pro
posed that the researchers around the world
document more case histories on these failures.

Readers are encouraged to contact the above
researchers directly for further publications
and reports written by them on this subject.


