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This research is laboratory-based experimental research of shear rate and acceleration effects
on the shear strength of various clays in ring shearing. In landslide, the change in sliding velocity (i.e.
shear displacement rate) affects not only the peak strength but also the residual strength of soils. The
rate effect on the shear strength of soil has become one of the most important considerations in
geotechnical engineering. A better understanding of the rate effect on the residual strength of a soil
would be beneficial in predicting and evaluating the behaviour of reactivated landslides. Hence, the
rate effect on residual strength of various soils has extensively investigated. In addition, the rate effect
on residual interface strength along bedding planes between two soil layers has been recently
investigated. However, there is currently no consistent theory that describes the rate effect on residual
strength, particularly for high plasticity and low permeability clay. Furthermore, the research on
residual interface strength is still limited and should be more studied. Besides developing along the
bedding planes, many landslides also often occur in over-consolidated (OC) soil which is highly
fissured and jointed. The rate effect on the shear strength of OC soil has been widely examined in
triaxial tests. Nevertheless, it needs to be further studied in ring shearing, especially for residual
strength. Regarding the change of velocity during sliding, the acceleration may affect the residual
strength. This effect has been unknown and should be clarified. As regards the application of rate
effect, the rate dependency of residual strength will affect the estimation of the earthquake-induced
velocity and displacement. However, this issue needs to be more examined. To summarize, the main
objectives of this study are to investigate the rate effect on residual strength of high plasticity and low
permeability clay, on residual interface strength between two different soil layers, and on the shear
strength of OC clay in ring shearing. In addition, the effect of acceleration on residual strength will
be clarified. Finally, the estimation of earthquake-induced velocity and displacement will be
investigated with the rate dependency of residual strength using the Newmark method. In this research)
a conventional Bishop-ring shear apparatus was employed. The specimens to be used in ring shearing
were cut from samples which were pre-consolidated in a large consolidation tank.

Kaolin and kaolin-bentonite mixture samples were used to investigate the rate dependency
of residual strength of high plasticity and low permeability clay. The samples were tested with shear
rates from 0.02 to 20 mm/min under the normal stress of 98 kPa using the single-stage procedure.
The test results showed that the bentonite content affected significantly the rate dependency of shear
strength. Especially, the rate dependency of residual strength appears to be changed from positive to
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Jnega‘[ive when adding bentonite to kaolin clay. Regarding the physical properties of soil, the results
found that the rate effect on residual strength had a relationship with clay fraction and plasticity index.
The type of rate effect on residual strength is found to be dependent on test procedure, especially for
a very low permeability clay.

Next, the combined specimens consist of one kaolin layer (upper layer of specimen) and one
kaolin-bentonite mixture layer (lower layer of specimen) were used to investigate the rate dependency
of residual interface strength. The test results presented that the residual interface strength and its rate
dependency depended significantly on bentonite content in the lower layer.

Furthermore, in order to investigate the rate effect on the shear strength of OC clay, kaolin
clay with artificial overconsolidation ratios (OCRs) ranging from 1 to 6 were conducted in ring
shearing at shear rates from (.02 to 20 mm/min under the effective normal stresses from 98 kPa to
588 kPa. The test results indicated that the rate dependency of both peak and residual strength
depended on the stress history (OCRs). In particular, the magnitude of positive rate effect on residual
strength tends to decrease as the OCRs increase. In addition, the variation of cohesion and frictional
angles of OC kaolin clay at peak and residual states at different shear rates is different. Regarding the
test procedure and rate effect, the multi-stage procedure of decreasing normal stress can be used to
determine the residual strength of OC clay at shear rates less than or equal to 0.5 mm/min.

The average acceleration values of 50.4 mm/h2 and 100 mm/h2 were used to investigate the
acceleration effect on the residual strength of kaolin and 90% kaolin-10% bentonite mixture samples.
The multi-stage procedure of increasing shear rates gradually from 0.002 to 20 mm/min at different
shearing times was applied. The test results showed that the effect of acceleration on the residual
strength was negligible and this effect could be ignored in slope stability analysis.

Finally, the rate dependency of residual strength was applied to estimate the earthquake-
induced velocity and displacement of infinite plane slope whose slip surface has reached the residual
state using the Newmark method. The computation results revealed that considering the positive rate
effect of slip zone soil, the estimated velocity and displacement decreased significantly as compared
with the cases of without the rate effect.
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Effects of shear displacement rate and acceleration on shear strength
of various clays in ring shearing
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