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Pile-supported wharves (PSWs), commonly used as port structures in Indonesia,
are vulnerable to earthquakes and susceptible to corrosion owing to sea salt deposition
and repeated wetting and drying cycles during their lifetime. Typical small feeder ports
in Indonesia use spun piles as the foundation. Nonlinear time-history analysis (NLTHA)
is considered the most accurate method for analyzing the nonlinear seismic response of
corroded PSWs under different types of earthquakes. However, due to the complexity
and substantial computational effort required, this is not a preferred option for design
practice. This study introduces a new method for investigating the nonlinear seismic
response of corroded PSW in Indonesia using frame analysis (FA). The proposed FA
method includes a novel approach for configuring the hinge properties, predicting the
material properties, and calculating the reduction factor of the bending stiffness of
corroded spun piles. This study also proposed site-specific earthquake ground motions
(EGMs) and spectral accelerations (SA) for the seismic design of port facilities in
Indonesia. A comparison was conducted between the nonlinear static analysis (NLSA)
using the proposed FA method and NLTHA using fiber-based finite element analysis
(FB-FEA) under the considered waveforms, which were subsequently modified to align
with the proposed SA, to evaluate the applicability of the proposed FA method.

EGMSs records and soil data in Indonesia were used in the seismic response
analysis, incorporating nonlinear soil properties to develop 114 site-specific EGMs and
SAs at port sites. Deconvolution and convolution analyses were applied to develop
EGMs and SAs for the seismic design of port facilities in Indonesia. The comparison
between the proposed EGMs and those in the Seismic Design Code for Indonesia (SNI)
results in considerable deviation, especially in the period range of PSWs. The proposed
SAs were greater than those in the SNI during the period between 0.2 and 2.0 seconds
for site class SD and above 1.0 seconds for site class SE.

In a marine environment, corrosion typically degrades the performance of spun
piles by reducing the rebar area, concrete compressive strength, yield strength of PC
bars, and bond strength between PC bars and concrete. In this study, a three-dimensional
finite element analysis (FEA) model was utilized to simulate the effect of non-uniformly
distributed corrosion products on spun pile materials over a period of 0—75 years. The
model incorporated volumetric strain expansion to determine the stress-strain
relationship of the corroded spun pile materials and the bond-slip relationship between
the corroded PC bar and concrete. This study presented equations for predicting the

degree of deterioration in corroded spun pile materials, which were in good agreement
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with the FEA results.

FA is often used in design practice due to its ease of implementation, whereas
FB-FEA has gained widespread recognition for its ability to reproduce experimental
results and is a reliable method for evaluating the nonlinear seismic response of PSWs.
For accurate reproduction of the nonlinear seismic response of a PSWs using FA, a
proper configuration of the mechanical properties, such as the hinge property, is
essential. The validity of the hinge properties suggested in previous studies for PSWs
with spun piles is uncertain. In this study, a new FA method was introduced to
investigate the nonlinear seismic response of corroded PSWs, which was evaluated via
pushover analysis using three methods: FA following the approach of a previous study
(FA-1), the proposed FA method (FA-2), and FB-FEA. Both vertical pile and batter pile
configurations were considered for the PSW foundations. The pushover analysis results
were compared in terms of the natural period, plastic hinge formation, and load capacity
of the corroded PSWs. The findings suggest an appropriate definition of the bending
stiffness reduction factor, the moment-curvature relationship, and the axial load-bending
moment (P—M) capacity of corroded spun piles. The FA-2 results demonstrated
excellent matches with the FB-FEA results, whereas the FA-1 results were less accurate
in terms of the natural periods and load capacities of the corroded PSWs.

The comparative assessment between NLSA and NLTHA for the seismic response
of corroded PSWs demonstrates the effectiveness of the proposed FA method in NLSA
to accurately estimate the maximum horizontal displacement and acceleration of
corroded PSWs, as compared to the results obtained from NLTHA using FB-FEA.
Nevertheless, the nonlinear seismic response of corroded PSWs utilizing the proposed
FA method in NLSA typically yields a larger response compared to NLTHA because the
responses generated by NLSA are based on SA, which represents the maximum
responses of the corroded PSW structure under the considered earthquake. On the other
hand, the NLTHA provides the actual response of corroded PSWs under the considered
seismic waveform. In addition, different waveforms resulted in different maximum
corroded PSW displacements, accelerations, and inertial forces. Therefore, various
waveforms should be considered when conducting seismic response analysis of
corroded PSWs.
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