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A A X H Seismic Behavior of Reinforced Concrete Bridge Piers and Foundations
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An effect of pier and foundation strengthening on response of bridge was clarified in this research. It was motivated
by a fact that seismic retrofit of bridges in Japan was generally carried out by allowing enhancement of pier flexural
strength. This corresponds to a higher load demand in their foundations. As a result, the foundation s may get
damaged, and there may be some bridges which require retrofitting of the foundations.

In this study, a method based on the pseudo-dynamic test (PSD test) was proposed for seismic performance
evaluation of bridge pier and foundation. In this method, a bridge is idealized by three degrees of freedom (3-
DOF) model, which is simple yet includes an interaction between pier and foundation. There are three terms of
displacements considered in this model which are: 1) lateral displacement at pier top; 2) lateral displacement at footing;
and 3) rotation of footing. In addition, the pier restoring force is represented by a pier spring, while sway and rocking
springs are used to represent the restoring force of the foundation.

The proposed PSD test method was implemented to investigate behavior of a bridge with pier and foundation
strengthening. Two foundations with different soil profiles were considered as representatives for foundations in hard and
soft soil conditions. The PSD tests were firstly carried out using pier as an experimental part as to check a consistency
of the developed system. The results confirmed the consistency as they agreed well to additional analyses where load-
displacement relationships of the piers applied bi-linear models instead of conducting the experiments. In addition, the
results also validated damages in the foundations if the piers were strengthened. Increases in both sway and rocking
responses of the foundations were observed in both cases of bridges in hard and soft soil conditions. For soft soil case,
the increase in foundation response only concentrated to its sway motion. This was according to a fact that foundations
in soft soil normally applied lengthy piles which contributes to high load carrying capacity against rotation. On the

other hand, increases in both sway and rocking movements were observed in the case of hard soil. Additionally, a simple



modification in the standard penetration value of the top soil strata showed that the ground improvement may be possible
to mitigate seismic damage in foundations. However, higher pier response will be induces as a result of stiffer ground.

Other two PSD tests were carried out with experiments conducted on foundation specimens. A normal foundation
and a strengthened foundation were the considering parameters in these tests. Two large scale piles of 0.30 m diameter
were installed underneath each foundation specimen. Strengthening of foundation was carried out using a combination

of sheet pile and soil improvement.

The test on the non-strengthened foundation simulated a condition of bridge with pier strengthening. A high level
of pile curvatures confirmed the damage in piles. It was also observed that loading demand of the foundation is higher
than that of the pier. In addition, another test on the strengthened foundation verified an effectiveness of foundation

strengthening as extremely low curvatures were observed in the piles.

Parametric analyses were also carried out in order to understand the behavior of bridge with varying pier-to-
foundation capacity ratios. The results showed that a sharp increase in foundation response initiates at the capacities
ratio about 0.75 (pier-to-foundation capacity). In addition, the foundation started to suffer a higher damage than the
pier since the ratio between their capacities of about 0.85. It is also found that the stronger the foundation capacity, the

lower the damage occurred.

Another parametric analysis was conducted to clarified behavior of bridge with increasing foundation capacity. The
results showed that there exists a bounding tendency of loading capacity demand for the foundation. It was also found
from the results that the foundations completely bounded to their limited values since the capacity of foundations were

twice that of the piers.

Two-dimensional finite element analyses of bridge piers and foundations were also carried out. It was observed that
the hard soil condition yields a larger effective acceleration input to the footing than another case of soft soil. However,
estimations of capacities showed that the previously used hard soil foundation is much stronger than the soft soil one.
The dynamic analyses of whole bridge showed that the inertial interaction dominates the response of a bridge. The
kinematic interaction contributed mainly to the pile response at large depth from ground surface. The results also
showed that the soft soil foundation suffered more damage in its piles comparing the one with hard soil. In addition,
the analyses confirmed an effectiveness of the foundation strengthening for soft soil foundation. However, a large
increase in pier response which induced a large load in the foundation was observed in the hard soil case, which shows

that attentions must be paid to balance between the capacities of pier and foundation.

The research concluded that foundation damage as a result of pier strengthening is really possible. To prevent
such foundation damage, a ratio of the pier-to-foundation yield loads of 0.75 is recommended in a selection of a
strengthened pier capacity. This condition was a point where foundation starts accelerating its response towards the
increasing pier capacity. On the other hand, at least two times higher than the pier capacity is recommended for a
capacity setup of a strengthened foundation. This was selected as a point where the bounding tendency is ensured in
the response of foundation. However, it should be noted that ductility capacity of the pier must be confirmed along

with the strengthening of foundation.
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