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Abstract Two suggestions are provided for expanding the scope of LEAP project
for the next stage. The first suggestion is to perform undrained cyclic shear tests with
addditional static deviator stress to represent more realistic stress conditions in soil-
structure systems during earthquakes. The other suggestion is to perform centrifuge
model tests with non-homogeneous soil layer such as mildly sloping ground of
liquefiable sand overlain by a less permeable capping crust layer, leading to a
unlimited flow failure of surface crust. Effects of void ratio redistribution and
seepage flow will be studied in detail in this type of cetrifuge tests.

34.1 Thesis Statement

The paths forward for evaluating seismic performance of geotechnical structures
along the framework of LEAP project are to expand the scope of soil element tests
from the conventional cyclic undrained tests toward the undrained shear with
additional static deviator stress and to expand the scope of centrifuge tests from
the behavior of homogenous sand deposit toward the non-homogenous sand deposit
involving the effects of void redistribution due to pore water flow.

34.2 Essay

The laboratory tests of soil specimens have been typically performed through
drained/undrained monotonic and cyclic shear tests. However, soil element behavior
in the typical soil-structure system in two or three dimension includes the effect of
initial static deviator stress in addition to the cyclic shear during shaking. The paths
forward to improving the understanding of the source of uncertainty in evaluating
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the seismic behavior of soil-structure systems are to include this type of soil element
tests. Figure 34.1 indicates two of the possible combinations of the static and cyclic
shear.

The stress path A is easier to perform using the triaxial testing device. The stress
path B is more difficult to perform and needs a testing device such as a hollow
cylinder testing device. However, the stress path B has wider applications such as for
evaluating behavior of shallow foundations.

The centrifuge tests of soil-structure systems have been often performed using
homogenous sand deposit. In these tests, the excess pore water pressure in the sand
deposit typically shows initial increase during shaking and then dissipation after-
wards associated with settlement. The paths forward along the line of the LEAP
project are to expand the scope toward the non-homogenous sand deposit involving
the effects of void redistribution due to pore water flow.

The simplest example of the non-homogenous sand deposit can be a combination
of liquefiable sand layer overlain by a surface crust layer of less permeable nature as
shown in Fig. 34.2 (Iai 2017). With the slight inclination, there may be a potential for
unlimited sliding along the boundary of the two layers depending on the void ratio
and thus the phenomenon involved in this type of tests can be the basis for evaluating

Fig. 34.1 Laboratory soil element tests with combination of static and cyclic undrained shear

Fig. 34.2 Centrifuge tests of mildly sloping ground of liquefiable sand deposit overlain by surface
crust layer of less permeable nature
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the combined effects of steady state, void ratio dependency, and rate of void
redistribution associated with the seepage flow of pore water toward the boundary
of two layers. The application of this degree of complexity in practice can be proven
to be useful (Fig. 34.3).
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Fig. 34.3 Expected examples of numerical analysis
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