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Wave-induced uplift forces of pile-supported wharf panels under

breakwater wave overtopping conditions
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Abstract: When the wave overtopping exceeds the critical value, the secondary waves generated behind the
breakwater will pose a safety threat to the rear facilities (such as pile-supported wharves). To ensure the structural
safety of pile-supported wharves under overtopping conditions, it is necessary to reassess the wave-induced forces
acting on the wharf structure. In response to the problem of the current research gap concerning the calculation of
uplift forces caused by secondary waves on panels of pile-supported wharves, the wave-induced uplift forces
under overtopping conditions are investigated in this paper. A physical wave model test is established to examine
the wave distribution within the harbor and the corresponding wave loads on the wharf, focusing on the combined
effects of secondary waves generated by wave overtopping and diffracted waves entering the harbor around the
breakwater head. The test results are compared with the calculation results by empirical formulas from design
code. The fundamental reasons for the overestimation and limited applicability of the code formulas is identified
by analyzing the characteristics of wave trains after overtopping. The results show that the measured maximum
total uplift force on the wharf panel caused by secondary waves is approximately 50% of the value predicted by the
empirical formulas, indicating significant safety redundancy. It is recommended that when calculating the maximum
total uplift forces of secondary waves after overtopping, a breaking wave reduction coefficient of 0. 5-0. 7 should be

introduced on the basis of the code formulas.
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Tab.1 Wave parameters of overall physical model test
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Fig.4 Model layout and location of wave parameter
calibration points

P18p17
© o Blopgs
o]

[EPA]

. P13~P18 Wi BEASSk m 32 20 m,

E5 BIXBHEAMNEHE(EMM:m)

Fig.5 Pressure measurement points layout in

wharf area(unit:m)

2 HEENKIGLER
2.1 WNEIRER
2.1.1 SE iR
£ 50 a IR I = KA 5 SE [l yRAE R /R
o DRTRTE 2R B R o IX 0 4 T AR S 5 R A Sk
é@Lﬂ(mIZIG KR B A R AR Sk 1 B iy
ML F9 &b, F/AKEEZ R 1.4 m, BIRIE AR



.92 . K iz L A2 2026 4

DRFNFE B U SR AL WG MR B4 1 2 W45 FO ) A
H,, M 3.64 m,

6 EIH 50 a ik sk SE @iFIRIEAE
FRT A £ EER

Fig. 6 Full overtopping of east breakwater under SE waves

and extreme high water level of 50-year return period
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Tab.2 Measured wave heights at wharf front
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Fig. 7 Full overtopping of south breakwater under SSE waves

and extreme high water level of 50-year return period
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Fig. 8 Time history curve of weighted pressure in

wharf area under SE waves and extreme high

water level of 50-year return period
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Tab.4 Calculated maximum wave uplift force on wharf bottom and physical model test results
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Tab.5 Test parameters for three cases under SSE-incident wave conditions
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