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Abstract: Super-long piles are widely used in offshore wharf structures due to their adaptability to soft
clay grounds and deep-water conditions. However, given their greater pile length and free length com-
pared to conventional pile foundations, super-long piles have a higher slenderness ratio and are at risk
of buckling instability. Under cyclic loading from waves and ocean currents, the soft clay around the
pile may experience cyclic weakening effects characterized by strength weakening and stiffness degra-
dation, further increasing the risk of buckling instability in super-long piles. In view of this, this study
first developed the calculation model for the strength weakening and stiffness degradation patterns of

soft clay, derived from existing experimental data based on the ABAQUS secondary development
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platform and with the help of USDFLD subroutine and FORTRAN language. The numerical results
were then compared with centrifuge test results, validating the rationality and reliability of the estab-
lished subroutine for soft clay strength weakening and stiffness degradation. Subsequently, a numeri-
cal calculation model of super-long piles in deep-water soft clay grounds was established to investigate
the buckling stability of super-long piles. This study clarified the possibility of buckling instability and
further investigated the specific effects on buckling stability under three scenarios: considering strength
weakening alone, stiffness degradation alone, and the combined impact of strength weakening and
stiffness degradation. The results showed that the critical buckling load of super-long piles decreased
by 3.5%, 7.9%, and 11.0% , respectively, under these three scenarios. The maximum shear force in
the pile at buckling instability decreased by 3.6%, 17.1%, and 22.1%, respectively, indicating that
the cyclic weakening effect of soft clay significantly increased the risk of buckling instability failure of
the super-long piles. The findings can provide a valuable reference for research on similar engineering
problems.

Keywords: super-long piles; buckling instability; deep-water soft clay grounds; strength weakening;

stiffness degradation
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