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1. Introduction

Using piles row is a well-known method to stabilize the soil slopes in both static and seismic conditions. The load
transfer mechanism of installed piles row may be as end- bearing or floating. In this study the behavior of floating piles
row with circular cross- section were installed inside the dry sandy slope by help of three- dimensional numerical
analyses and physical modeling have been simultaneously studied. The three- dimensional numerical modeling was
used for conducting the parametric studies about the effects of directions of imposition of near-field and far- field
earthquakes loading on the main structural and geotechnical interaction parameters of floating piles row-sandy slope
problem (Al-Defae and Knappett, 2015; Ashour and Ardalan, 2012).

2. Methodology

The seismic loading of near-field and far-field earthquakes records in the form of seismic motions in the in-plane and
out-of-plane directions along the longitudinal, transverse and vertical directions were imposed on the slope numerical
model. The 3D finite difference method was used for numerical modeling of the main problem (Fig. 1). Moreover, the
physical modeling of the investigating problem was implemented for validation of numerical results by imposing the
sinusoidal harmonicloading in the longitudinal and transverse horizontal directions of micro-scale slope model by help
of small-scale geotechnical shaking table (Fig. 2).

Here, seven seismic loading combinations including L, LT, LTV, LV, T, TV, and V combinations were considered to
involve the effects of loading directions into the main problem. The center-to-center distances between adjacent piles
in a row plays an important role in creating profitable phenomena such as soil arching between piles or stress transfer
from sandy soil to the piles rigid elements. This distance was considered equal to 2.5d; (dp: pile diameter) for large-
scale parametric numerical models (Fig. 1).

The numerical models of small-scale physical model of shaking table were conducted in the model scale. In the other
word, the simulation of physical models in numerical modeling was obtained without considering the 1.g shaking table
scale factors because the scale of physical models is very small (i.e., 1:100). The acceleration and displacement
responses of the both large-scale numerical models and small-scale physical models are the main obtained responses
in the present work. In the large-scale parametric numerical analyses both near-fault and far-field records of Tabas
earthquake in Tabas (near-fault) and Bajestan (far-field) stations, were used. In the small-scale physical models the
harmonic sinusoidal excitation was used to simulate the seismic loading in the piles row-sandy slope models. The
center-to-center distance between aluminum model piles in physical models due to the physical models
implementation difficulties was considered as a larger distance equal to 3.5dp.
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Fig. 1. The overall geometry of the studied problem including piles locations, large-scale numerical model dimensions and directions
of triaxial seismic loading

3. Results and discussion

Reinforcing of a dry sandy slope by a row of floating piles (similar to reinforcing of slope by end-bearing piles row)
in the strong near-field ground motions results in significant decrease (to about 50 percent) in slope’s horizontal
displacements while in the weak far-field earthquakes dos not have significant effect on the control and reduce of slope
displacements. Out-of-plane components of seismic loading such as transverse component of earthquake, T
component, (productive of horizontal shear waves, i.e,, SH waves) also in the presence of site’s effects such as directivity
effects can produce the responses as large as the in-plane motion components such as earthquake longitudinal
component combinations, L (productive of P and SV seismic waves). In the present study, the results of the small-scale
physical models (with a 1:100 scale factor) were considered to verify the large-scale numerical models findings (i.e, to
confirm the results in prototype scale). As can be seen in Fig. 2 the results of small-scale physical modeling before and
after LT seismic loading (i.e., biaxial seismic loading) were shown. By increasing the seismic loading directions from
common uniaxial direction to two and triaxial directions the amounts of slope lateral displacements were increased.

Fig. 2. Small-scale physical model of dry sandy slope: (a) reinforced; (b) unreinforced; (c, d) slope locations with and without
reinforcement after base LT seismic lading

4., Conclusions

The motion of slope sliding wedge in the near-field earthquake under effect of multidirectional seismic loadings is a
rigid block motion while the failure wedge displacement under far-field earthquake record is a negligible motion and
occurs in a flexible block manner. The shape of time-history seismic function that shows energy content of an
earthquake such as Arias intensity or energy flux (i.e., specific energy density: SED) are directly similar to the time-
history permanent displacement resulted charts (horizontal or vertical displacements) of the reinforced slopes by a
row of floating piles that have been loaded by these records. The depth-depended shape’s template (pattern) of bending
moment curves for near-field earthquakes is a constant template (i.e, one-summit template) and for far-field
earthquakes have another distinct template (two-summits template).
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According to the results of the present study in the real seismic loading including soil-pile interaction (SPI) by
considering the effects of loading directions the far-field earthquakes records responses contain the small permanent
displacements with a cyclic and synchronized or asynchronized trend with respect to the input bedrock motion. While
the near-field earthquake records produce the obvious permanent displacements without cyclic and synchronized or
asynchronized trends with respect to initial input motions. Therefore, in the bending moment time-history outputs
graphs of piles installed in a dry sandy slope under the near-field earthquake loading both monotonic (i.e. kinematic
dynamic interactions) and cyclic (i.e. inertial dynamic interactions) behaviors can be observed. The results of small-
scale geotechnical shaking table physical model were used to verify of the obtained 3D numerical results. There is a
good agreement between the numerical and physical models results.
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