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(3D-View)
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(In-plane motion)
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Fig. 1. Definition of problem including geometry, instrumentation
and dimensions of corresponding numerical and physical models:
() 3D view, (b) piles cross-section.
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Parameters (unit) Similitude  Simplified Present
(soil-slope-piles law =10 values
interaction) PIM [25] =10

Length, | (m) A A 100.0
Strain, & (-) e 1.0 1.0
Density, p (kg/m’) A 1.0 1.0
Time (dynamic), t (s) ()" 20° 10.0
Void ratio, e (-) 10 10 10
Displacement, u(m) M A 100.0
Velocity, V (m/s) ()" 20° 10.0
Acceleration, a(m/s?) 1.0 1.0 1.0
Total stress, ¢ (kPa) M, A 100.0
Frequency, f (Hz) ()™ A 0° 0.1
Piles flexural stiffness, A"/, 2 1e8

El (kN.m?)

* P/M: Prototype/Model
Table 1. Scale factors obtained from similitude laws for shaking
table tests in 1.g acceleration field.
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Properties Value
USCS sand classification SP
Maximum dry density (Ygmex) 1.94 grfem®
Minimum dry density (Ygmin) 143 grfem®
Maximum void ratio (&) 0.82
Minimum void ratio (eyn) 0.34
Specific gravity of solids (G) 2.60
Effective diameter (Dyg) 0.3mm
Mean diameter (Dsg) 0.92 mm
Uniformity coefficient * (C,) 3.83
Curvature coefficient ° (C,) 1.043

& Coefficient of uniformity (=Dgy /D).
b Coefficient of gradation (=Dg%/( Deo*D1o)).
Table 2. Physical properties of Kermanshah fine sand.
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Soil and piles parameters Values
Kermanshah loose dry fine sand

Poisson ratio, v (-) 0.3
Cohesion (TA, DS), C (kPa) 0.0
Friction angle (DS), ¢ (deg) 320
Friction angle (TA), ¢ (deg) 30.0
Dilation angle (TA), v (deg) 0.0
Unit weight, y (kN/m°) 16.0
Static elastic modulus (TA), E (MPa) 20.0
Static shear modulus, G (MPa) 7.70
Dynamic shear modulus, Gy, (MPa) 10.34
Relative Density, Dg (%) 45-47
Aluminum hollow model piles

Elastic modulus, E, (GPa) 70
Shear modulus, G, (GPa) 26
Poisson ratio v, (-) 0.33
Unit weight, y, (KN/m°) 270
Wall thickness, t (mm) 0.50
Pile length, Lp (mm) 200
Pile outer diameter, Do (mm) 8.0
Piles plastic moment, M, (N.m) 7.61
Piles plastic modulus, Z (m®) 28.2e-9
Piles yielding stress, o, (MPa) 270

Table 3. Sand and aluminum model piles strength-stiffness
properties.
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Kermanshah fine sand
Ds5p=0.92mm, Gs=2.60, Dr=45~47%
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elocity, Vt

[
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Sandy particles falling height, H (m)

Fig. 2. Kermanshah fine sand particle free-fall velocity curve
according to the particle fall height.
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dynamic.
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Fig. 3. Grading curve of SP fine sand for explicit finite
difference 3D numerical modeling.
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to the studies of reference [28] (units: mm).
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Abstract

In this study the behavior of model floating pile 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 effects of directions of
imposition of harmonic seismic loading on the main geotechnical parameters of floating pile row-sandy slope
problem. The seismic loading of harmonic sinusoidal harmonic waves in the form of seismic motions in the in-plane
and out-of-plane directions along the longitudinal and transverse directions of the small-scale slope model and both
of them were imposed on the slope physical and numerical models. Moreover, the physical modeling of the
investigating problem was implemented for validation of numerical results by imposing the sinusoidal harmonic
loading in the longitudinal and transverse harizontal directions of small-scale slope model by help of small-scale
geotechnical shaking table. Reinforcing of a dry sandy slope by a row of floating pile (similar to reinforcing of slope
by an end-bearing pile row) results in significant decrease (to about more than 50 percent) in slope’s vertical
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 contained component, L (productive of P and SV seismic waves). The movement of slope sliding
wedge in the strong ground motions is a rigid block motion while the failure wedge displacement under weak
ground motions is a negligible motion and occur in a flexible block manner. Simultaneous seismic loading along
two-axes of three coordinate axes in contrast to the current slope seismic loading that the seismic loading are
imposed along one axis and in the longitudinal direction of slope failures surface, has great effects on the slope
displacements values and internal efforts generated in the reinforcing pile row. Studying and solving the classic
problem of in-plane and out-of-plane seismic-waves propagations in the combination with the existence of slope in
the ground and pile row interaction (i.e., adding the pile row-slope seismic interaction to the initial classic problem)
by help of present available analytical and mathematical solutions will be a very difficult problem. By combining of
the in-plane and out-of-plane seismic motions the complexity of the pile row-sandy slope dynamic interaction
problem will increase and in the some cases presenting analytical and closed-form solutions can be impossible. The
alternative solutions for solving these complex problems proposed by the present paper are the simultaneous using of
numerical and shaking table physical modeling for understanding the precise details and ambiguities of the problem
in the complete scientific and practical-empirical frameworks. The results of present study show that installing a row
of floating pile similar to the end-bearing pile row can reduce the displacements of loose dry sandy slope and
through this manner the seismic stability of slope against the local and general failures has increased. In the present
paper despite of increasing the directions of seismic loading from one-direction to the two-directions the installed
floating pile row sufficiently played their roles in the reducing seismic displacements of slope. Indeed, according to
the experimental-numerical results of the present paper, decreasing of slope crest settlements by installing a row of
floating pile in the some seismic loading cases are more than 50 percent. The results of small-scale 2DOF
geotechnical shaking table physical model were used to verify the obtained 3D numerical results. There is a good
agreement between the numerical and physical models results.

Keywords: Floating pile row; seismic lading; effect of loading direction; dry sandy slope; physical model.
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