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Abstract

As far as we know all damages due to earthquake indicate that the presence of liquefaction soil is the primary
cause that causes the pile foundation damage. At this point, it's of interest to clarify the relevance of some
mechanical aspect effect during quake to incidence the down slope movement. The address of these aspect
effects on pile foundation response during earthquake; utilize the solid -fluid fully coupled NDFC
"OpenSeesPL". This paper uses an FEM analyses to demonstrate the consequences of the presence of clay layer,
the variation magnitude of permeability coefficient (k) and the restrict direction of earthquake. The most
significant discovery is to clearly the effect of bi-directional motions on the response of sloping liquefiable
ground dynamically through showing high excess pore pressure, larger displacement. Also, its show a
phenomena defined by the dilation develops at the bottom of low coefficient of permeability in stratified soil
deposits under quake loading which might greatly generate pore water pressures and formation liquefaction
which leads attainable slope instability.

Keywords: transverse motion, permeability, nonlinear dynamic finite element, bi-directional; ndfc and
downward slope

INTRODUCTION Finite Element Analyses Program
All the recent experimental tests (centrifuge and Finite element analyses using capable software's like;
shake table) which had received from scholar- Flac3D, Ansys, Abaqus, etc.enabled the scientists and
researchers based on one concept of testing, put an researchers to diagnosis the dynamics of what is
earthquake motion in one direction parallel to the happening between the pile and the soil as due to
horizontal axis of the tested model; besides to using shake of seismic. After the success ofthose programs
level ground (0°) without containing any degree of and software's to give accurateresultsand practica
inclination. It has not addressed to other trends that lapproach for experimentscarried out bya numberof
could affect the buildings and land. Liangcai He researchers,for examples but not limited to (C. Han
(2005) conducted numerical studies on liquefiable etal (2010), F. Jafarzadehetal (2008), llankatharan,
gentle sloping ground and examines the effect of M. and Kutter, B. (2008) and etc.)
earthquake motions in both direction vertical and
horizontal, he found that the there is a certain The conducted analyses, modeling and computations
influence effect of vertical motions on the response of are performed using the open source, object-oriented
gentle sloping liquefiable ground especially on excess nonlinear finite element analysis "framework for
pore and lateral displacement. Karbasi (2009)has simulating seismic response of structural and
investigated vital factors affecting the seismic geotechnical systems"which contains an extensive
response of slopes, such as barrier depth and library of constitutive models, FE, equation solvers,
thickness, ground inclination, and base motion time integration schemes, and solution algorithms"
characteristics; his observations were in a good (http:// opensees.berkelet.edu);. The model can
agreement with model testing data provided by other defined as a composed of the "solid-fluid fully
searchers and documentation. coupled (3D) (8-8) node elements (brickup)"(Jose,
2010) for the saturated soil, linear Beam-Column
As mentioned before, the methods to evaluate and elements for the pile. The same boundary conditions
estimate the effect of lateral spreading primarily imposed on the model referred by Liangcai He (2005)
based on horizontal earthquake motions. However, are as follows:
many efforts and simulation are made to (1) "™ The nodes on the plane of symmetry and the
characteristics ground subjected to vertical shaking peripheral plane parallel to the plane of symmetry
during earthquakes. cannot displace normally to the plane of
symmetry,(2) The nodes having same distance from
the base on the vertical planes on the left and right
boundaries are tied to each other.(3) The nodes at the
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bottom of the mesh are fixed in all directions except
the shaking direction.(4) The pore pressure DOF of
the nodes at ground surface is fixed, having zero fluid
pressure.(5) The pore pressure DOF of the nodes at
the peripheral boundaries is impervious.”

Simulation of Soil-Pile Interaction in Inclined
Deposit Ground

3D nonlinear finite-element analyses verification
were performed to find out the real problem caused to
an infinite sloping layer (11 m in thickness) with
inclination of 3° with water level at ground surface in
a liquefied ground.The soil profile used for this
analysis was a two-layer stratum consisting of: a 10
m sand deposit, with a non-liquefied crust layer
thickness which considered in the simulation, as
(Herust =1.0m),as shown in Figure 1.

The single pile-column (circle reinforcement concrete
in cross section) is 0.2m in diameter, 11.8 m in
length, of which the portion pile extending 0.8 m
above ground can support a point mass at pile top to
model the superstructure during the test of 120 kg,
has a E1=1632.8 kN-m?, and is free at the top.

Table 1-2 show the main typical dynamic soil
parameters. These parameters based on the three-
dimensional (3D) simulation of the models.

Table 1. Dynamic parameters for constitutive model
of medium sand

Parameters Input values
Saturated density (kg/m°) 2100
Reference shear mean confinement 80
Reference shearweave velocity 300

Cohesion ¢ (kPa) 0

Peak shear strain (0.001-20%) 30
Friction angle ¢ (degrees) 40
Possion’s ratio 0.40
Confinement dependence coeff. (0.1-1.0) 0.5
Number of yield surfaces (0-30) 20
Permeability coefficient (m/s) 7.0x10%

Table 2 Numerical soil Parameters for constitutive
model of cohesive medium

Parameters Input
values
Density, y (kg/m°) 1800
Reference shear modulus G, (kPa, ,
P, =80kPa) 6.0x10
Reference Bulk modulusBq(kPa, F’r =80kPa) 3.0x10°
Cohesion ¢ (kPa) 35
Peak shear straingma( P, =80kPa) 0.1
Friction angle ¢ (degrees) 12
Possion’s ratio 0.45
Permeability coefficient (m/s) 5.0x10°
Pressure dependence coefficients np 0
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Figufe 1 Simulation of Single pile foundations in
level and slightly sloping ground (Plane XZ View&
Isotropic View)

Search Strategy Planning

Followed Shiomi (et al. 1996),Liangcai He (2005),
and Karbasi (2009), this paper strategy goal is to
examine the effect of Transverse ground motion by
comparing the ground pore pressure, acceleration,
bending moment and displacements response with
and without Transverse excitation. In addition to
adapt a simulation conducting to numeric a sand
deposit resting on a rock base as shown in Figure 1
will be tested under effectsof partially and fully
saturation, clay layer presence within the liquefied
soil at a level of 4.0 m from ground surface is
considered and compared with previous studies main
findings. Analyses carried for two case studies of
sloping ground (with and without clay layer).
Sinusoidal Longitudinal (X) and Transverse(Y)
motions are selected to serve as excitation in this
study. The Longitudinal(X) component had peak
acceleration (PLA) of about 0.2 g with a dominant
frequency of about 1Hz. The Transverse (Y)
component had peak acceleration (PTA) of about
0.2g with a dominant frequency of about 2Hz (Event
A).The second event (B) had the Longitudinal (X)
component and Transverse (Y) component of 0.2¢g
and 2Hz as a frequency. Transverse motions usually
display higher frequency components compared to
the longitudinal counterpart.

DISCUSSION OF THE RESULTS

Effect of Bi-directional Ground Motion on Pore
Pressure Buildup

Figure 2 shows excess pore pressure characteristics
due to motions of the two events earthquakes for the
case of longitudinal input motion only and the case of
simultaneous Longitudinal and Transverse input
motions. Pore pressure at 4.0 m, 6.0 m, and 9.0 m
depths indicates the ground liquefied and lateral
spreading appeared in Figure. The trend of pore
pressure buildup with Transverse excitation is similar
to the case without Transverse excitation. More
noticeably, this excitation caused high values in pore
pressure at all depths. The pore pressures values
appear to be larger at great depth. However, pore
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pressures did not show signs of strong dilative observed
tendency, as no high values in pore pressures
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Figure 2 Computed pore pressure of the ground due to Sinusoidal earthquake excitation

According to Fig.3 Lateral accelerations for the case shaking, implying that the ground liquefied and lost
with Transverse excitation are somewhat lower than its strength and stiffness substantially. This reduction
the case without Transverse excitation. Lateral occurred in coincidence with the buildup of pore
acceleration reduced after the first few seconds of pressures
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Fig 3. Computed Lateral acceleration of the ground due to Sinusoidal earthquake excitation

Lateral displacement is usually the focus in design that lateral displacement in the case of simultaneous
and analysis of liquefaction-induced lateral spreading horizontal and lateral input motions are significantly
(Figure 4).Displacement of pile head and soil surface larger than the horizontal input motion only. When
shown in the figure gradually increased as during lateral motion included, lateral displacement
shaking. From the figures, lateral displacements are increased 20% and 35% in the two events
relatively large in the cases studied of most interest is respectively
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Figure 4 Computed Lateral displacements (Lp) along the model depth due to Sinusoidal earthquake excitation

The effect of two directions on aslope performance
was studied; Figure 5 shows the vertical displacement
time histories at representative depth sections due to
the shaking directions. Similar to lateral
displacements, the vertical displacement reached a
maximum upon shaking and then decreased quickly,
maximum of it happened in soil surface.

Displacement along the sloping depth rapidly
increased and reached a peak at about 4s of shaking.
After the peak, the displacement quickly decreased
due to soil liquefaction. The displacements were
mainly insignificant as shown in Event (A) in the
case oh horizontal input only.
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Figure 5. Vertical settlement of the ground under Sinusoidal earthquake excitation

Effects of Lateral Ground Motion on Bending
Moment

Figure 6 shows the reinforcement concrete moment
time histories at representative cross sections due to
the shaking directions. Similar to pile head
displacements, pile moments reached a maximum
upon shaking and then decreased quickly, maximum
moments in the pile occurred near the interface layer.

Moments along the sloping direction rapidly
increased and reached a peak at about 10cycles of
shaking. Once the soil liquefied, moments in the pile
greatly diminished although the model was under two
direction motions. The moments after that were
mainly due to inertia of the pile, which were
insignificant as shown in Event (B) in the case of
horizontal input only.
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Figure 6 Computed Bending moment of the pile due to Sinusoidal earthquake excitation

Response of Partially Saturated Slope Subjects to
Earthquake Motions

The ground inclined 3° to the horizontal consisted of
medium dense sand with a friction angle of 35

degrees and clay layer of 12 degree as a friction
angle. Analysis results including lateral, transfer
lateral displacement and excess pore water pressure
clarified in Figures 7-8
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Figure 7 Computed Lateral and Transverse displacements of the ground due to two direction motion events for
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Figure 8. Numerical values of EPP of the ground due tobi-direction motion events for fully and partially

saturated layer

Response of Sloping Ground Without (Crust
Layer)

Considering Karbasi (2009) investigation and his
gained results, a sloping ground condition 3°
inclination analyzed without sub-layer. The results,
regarding times histories of (r,) with depths, are
shown in Figure 6. Small dilation spikes not shown in
the result of upward inflow. Excess pore water
pressures to dissipate faster along depth, (r,) at (5) s
is less than 80% and100% for 6.0m and4.0 m,
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respectively. Lateral displacement gradually will
increase from the surface smoothly over time. It also
shows that excess pore water pressure will increase
progressively along the soil profile whereas the
motion duration. The expected time history of lateral
displacement at shallower depth shown in Figure 9-
10. For the case without crust layer, displacement
mainly occurs throughout shaking and briefly stopped
at the end of shaking.
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Fig.9: Excess pore water pressure ratio (r,) vs. time histories along selected depths.
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Fig.10: Time histories of lateral displacement along selected depth

Response of Soil-Pile
Ground with Sub-Layer
Main goal of this simulation part is to compare the
behavior of pile inserted in sloping ground with and
without an interference layer of low permeability.
The same analysis procedure made by Karbasi (2009)
for sloping ground without pile presence; "the layer
was located at a depth of 4.0 m and had a
permeability 10 lower than that of the liquefied
layer". The dynamic soil response as excess pore

Interaction of Sloping
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water pressure ratio (r,) and lateral displacement, for
4.0, 6.0 and 11.0 m is shown in Figure 11-12. It's
clear from the figuresthe good agreement between the
behavior trend of the soil pore water pressure with
depth.At the beginning of shaking EPWP shows a
high values for all depths at 2s of shaking; however,
the greatest values of EPPW regarding r, notice at
depth 4.0 m which of represent the interference
between liquefied and non-liquefied soil.
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On the other hand, the liquefaction happens
exactly below that interference showing r,
values more than 1.0 then decreases after 6s
time of shaking without dilation behavior
notice. In contrast, the EPPW for deepest
layers produce the same behavior but with
lesser values with dilation, dissipation
combine the EPPW response for 11.0 m
depth. The explanation for this phenomenon
can attributed to soil loosen its strength due to
shaking and water flow movement upwards
due liquefaction and prevent by that
impervious layer.

Firm Impervious Ground

Fig 11a: Soil-Pile Interaction profile used in the
simulation (after Karbasi (2009)
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Fig.11b: Time duration scenario of Excess pore water
pressure ratio r,along selected depths.

The free field soil response of the soil surface
denoted in Figure.12. The results of surface
displacements are seen to be in good agreement with
the behavior notice by Karbasi (2009).
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Fig.12: Surface lateral displacements vs. time
histories for profiles with and without sub-layer.
Table 3 summarizes the results of the low

permeability layer effect on lateral displacements. It
shows, that a large portion of the surface
displacements happens after earthquake shaking
because of the time needed for water to flow into the
layer beneath the low permeability layer. Lateral
displacements concentrated within the zone beneath
the barrier, and below this, the displacements are less
than those within the condition without the sub-layer.

Table 3:clay layer effects on lateral displacements
(after: Karbasi, 2009)

Lateral Withou With Difference
displacement(cm t  sub- sub- %
) layer layer

Pile head 249 34 9
Top surface 53.44 174
. 36

displacement.

Max. 49.45 22
displacement at 275

4.0m depth

Top surface 9.68 3
displacement at 6.5

20s

Displacement at 6.33 12
4.0m depth at 5.1

20s

Ratio of max. 925 16%
displacement  at o %

4.0m to that of 76.4%

surface

Ratio of post- 82% 0%
earthquake

surface 82%

displacement to

total
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CONCLUSIONS

A FE study was conducted herein to investigate

liquefaction-induced lateral spreading of an infinite

sloping ground due to simultaneous horizontal and
lateral ground motions. The main conclusions can
fixed as follows:

1- The effect of bi-direction motion on a slope
performance was analyzed; it found that the
displacement of a lateral spreading slope limited
by the temporary increase of soil shear strength.
The findings referred to the tendency of soil
surface displacement vertically once produce
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settlement along soil profile depth, the other
produce heaveat 4s from shaking time and
decrease with depth of the model.

2- High Excess pore water pressure has been notice
in partially saturated layer due to horizontal and
lateral motion inputs.

3- The saturation state and stratified soil deposit can
result in large negative bending moments when a
significant layer of non-liquefied soil exists near
the ground surface. The maximum positive pile
bending moment occurs near the interface of
liquefied and non-liquefied soil deposit.

4- Recommended a future investigation for the
influence of inclined pile inserted at level ground
with a compassion with vertical one in level and
inclined soil ground; this investigation must done
through the mechanical and dynamical aspect.

5- Recommended structural failure investigation
should be carried out beside the dynamic failure.
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