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Evaluation of Seismic Performance for Various Types of Pile
Head of Landing Pier
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Abstract : Most of landing piers in Korea employ the combination of vertical piles and batter piles, which shows
good efficiency in static lateral resistance but poor seismic performance. Many attempts have continuously been
made to increase the seismic performance of batter piles with various aseismatic systems. In this study, new types
of aseismatic system were developed by use of rubber and ball bearing, and shaking table tests and 3 dim.
numerical analyses were performed in order to compare the seismic performance for various types of pile head.
The test and numerical analysis results show the high seismic performance of newly proposed systems and the
applicability of 3 dim. numerical analysis considering the non-linear behaviour of rubber and ball bearing systems.

Keywords: landing pier, batter pile, aseismatic system, seismic performance, shaking table test, 3 dim.
numerical analysis
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Fig. 1. Pile-cap connecting system with rubber.
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Fig. 2. Predicted stress-strain behavior of rubber connecting
system.
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Fig. 3. Pile-cap connecting system with ball bearing.
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Fig. 4. Predicted stress-strain behavior of bal! bearing connecting
system.
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Table 1. Types of shaking table tests
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(b) Landing pier model with batter piles

Fig. 5.:Landing pier models for shaking table test.



1.5

Acceleration (m/sec?)

-1.5 T T T u T T T T T

Time (sec)
Fig. 6. Input wave (artificial earthquake).
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Table 2. Input values for numerical analysis
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Types Elastic modulus, £ (kPa) Poisson’s ratio  Dry unit weight v, (kN/mB) Comments

Plate 2.1x10° 027 7.85 BXLXH (650X 450X 152.8)
Pile 2.1x108 0.27 7.85 ¢ =159 mm, t=0.8 mm
Rubber 2,350 0.475 1.17 Critical strain = 1.64%

Ball bearing 2.1x10% 0.27 7.85 Critical strain = 0.0055%
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® Shaking Table Test
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Fig. 8. Natural frequency for various pile-cap conditions.
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Shaking Table Test (Sine 0.1g, 5Hz)
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Fig. 9. Response acceleration and relative displacement for various pile-cap conditions (Sine wave of 0.1g acceleration).
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Numerical Results (Sine wave, 5Hz, 0.1g)
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Fig. 10. Maximum relative displacement for various pile-cap
conditions of batter pile (Sine wave of 0.1 g acceleration,
S Hz).
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Fig. 11. Response accelerations and relative displacements
with time for various pile-cap conditions (Artificial
earthquake, Numerical results).
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(b) Shaking table test results

Fig. 12. Comparisons of response accelerations and relative
displacements for various pile-cap conditions.
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Fig. 13. Axial forces and moments with time for various pile-
cap conditions (Attificial earthquake, Numerical results).
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Fig. 14. Comparisons of axial forces and moments for various
pile-cap conditions.
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