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Abstract: Some pile foundations of existing road bridges do not satisfy current seismic design standards. While there are
various factors causing insufficient seismic performance, a specific seismic reinforcement method can be applied when pile
foundation stability is compromised solely due to liquefaction. Rather than structurally increasing the resistance of the piles,
this method involves enclosing the ground around the pile foundation using grid-form ground improvement walls installed
without making contact with the existing structure, thereby suppressing shear deformation and preventing liquefaction inside
the walls. This study examines the applicability of this method using centrifuge model tests and dynamic effective stress
analysis.

Previous studies confirmed that this method effectively suppresses liquefaction and mitigates the reduction in the coefficient of
horizontal subgrade reaction of piles for bridge pier pile foundations in volcanic ash ground. Building upon those findings, this
study verified the applicability of the method to bridge pier pile foundations in sandy ground and abutment pile foundations
subjected to eccentric loads.

The results showed that although the occurrence of ground shear strain was suppressed in the pier pile foundations in sandy
ground, a sufficient liquefaction mitigation effect was not achieved under identical countermeasure conditions (wall thickness,
separation, and strength of the improved ground). The dynamic effective stress analysis results reproduced the experimental
results with relatively high accuracy. Similar to the experimental results, the liquefaction suppression effect was not observed
in sandy ground with a uniform grain size. This suggests the necessity of examining application conditions for grid-form ground
improvement walls, such as establishing a threshold based on the coefficient of uniformity. Furthermore, verification
experiments on the abutment pile foundations confirmed the liquefaction suppression effect of the grid-form ground
improvement walls; however, displacements were observed in both the improved walls and the abutment due to lateral
spreading forces.

As a future challenge, it is necessary to systematize the suppression effects on liquefaction and the reduction in the pile
horizontal subgrade reaction by correlating the wall specifications (strength, wall thickness, and embedment depth) and ground
parameters (liquefaction strength ratio, layer thickness, and embankment height) across different types of structures and grounds.

Keywords: Prevention and mitigation, Structural countermeasures, Existing pile foundations, Liquefaction

countermeasures, Ground improvement
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