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Fig. 2 Pile-soil interaction model in horizontal plane

Fig. 3 Apparatus for model tests for soil-pile
interaction in horizontal plane
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(b) Two dimensional effective stress analysis of a

pile-supported wharf

Fig. 1 Damage to a pile supported wharf during
Hyogoken-Nambu earthquake and effective stress
analysis
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Table 1 Model test cases

Case Pile Sand Relative

No. deposit density
(%)

Case-1 Single Dry 70

Case-2 | Single (friction large)

Case-3 Single Saturated -135

Case-4 | Single (friction large)

Case-5 Group (3D) Dry 72

Case-6 Group (3D) Saturated -166

Case-7 Group (5D) Dry 66

Case-8 Group (5D) Saturated -161
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Table 2 Parameters for silica sand No.7

P Gma 14 Oma' ¢f Hna
(t/m®) (kPa) (kPa) (deg)

2.0 3760 0.33 0.28 35 0.240

s density;  Gma® initial shear modulus at a confining

pressure of oma's oma': reference confining pressure; ¢:
internal friction angle; v : Poisson’s ratio; Hmax; limiting
value of hysteretic damping factor
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Fig. 4 Finite element mesh used for the analysis for single pile
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(a) dry sand (Case 1)

(b) saturated sand  (Case 3)

Fig. 5 Measured pile-soil displacement fields

(a) dry sand(Case 2)

(b) saturated sand (Case 4)

Fig.6 Computed pile-soil displacement fields
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Fig. 7 Displacement distribution along transverse
direction from the pile center
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(a) Measured displacement vectors around piles in dry sand ((Case-5) (front and middle piles) displacement of

pile=15mm, with a load of 90N

of 3N

5cm

1.0m

(c) Computed displacement vectors around the pile group for undrained condition (Case-6)
Fig. 8 Measured and computed displacement vectors for group piles
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Soil-Pile Interaction in Horizontal Plane
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Synopsis

Two dimensional model tests are performed on a horizontal cross section of a
soil-pile system in a pile foundation. The objective of the model tests is to evaluate local
soil displacement field in the vicinity of the piles associated with a global displacement
of soil around the pile foundation. Two dimensional effective stress analyses in
horizontal plane are also performed to generalize the findings from the model tests. An
effective stress model based on multiple shear mechanism is used through a computer
code FLIP. In dry condition, displacement vectors are directed away from pile front, and
displacement at pile side rapidly decreases with an increasing distance from soil pile
interface. In undrained condition, displacement field shows vortexes at pile side
associated with push-out/pull-in pattern of displacements in front of and behind the pile.
Distribution of local soil displacement between piles shows high strain concentration at
soil-pile interface.

Keywords: soil-structure interaction, pile, foundation, seismic
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