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Development of an Empirical Formula for Wave Overtopping
of a Single-Chamber Slit Caisson Based on Hydraulic Model Tests
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Abstract : This study proposes a new empirical formula for predicting wave-overtopping discharge for slit caisson
structures, which are frequently used in breakwaters and berthing facilities in Korean ports. A total of 429
hydraulic model experiments were conducted under various conditions, including incident wave height, freeboard,
water depth, and wave period, to establish a dataset of dimensionless overtopping discharges. Comparison with
existing empirical formulas revealed a tendency to overestimate overtopping under certain conditions. A new
empirical formula based on an exponential function of the dimensionless freeboard was developed, with its
parameters optimized using the Levenberg-Marquardt algorithm. The proposed empirical formula demonstrated
improved predictive performance with a low mean error and encompassed the majority of the data within a 90%
confidence interval, thus outperforming existing formulas. The results of this study are expected to provide
valuable fundamental data for the design and maintenance strategies of slit caisson structures, particularly under
future scenarios involving sea level rise and increased frequency of extreme waves.

Keywords : slit caisson, wave overtopping, hydraulic model experiment, empirical formula, Levenberg-Marquardt
algorithm
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Fig. 1. Cross-section sketch of model structure.
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Table 1. Experimental conditions for irregular waves and geometric parameters of model structure

Water depth Water depth Signiﬁca'nt Mean period Signiﬁc:ant Free.board Horizontal projection
A (cm) at toe wave period T, (sec) wave height height of the concrete cap
h, (cm) T; (sec) " H,, R, (cm) G, (cm)
50.80 57.00 1.27~1.92 6.93~11.30 10.2
51.05 57.25 1.60~2.24 7.10~10.82 9.95
51.25 57.45 1.28~1.92 7.91~16.41 9.75
53.40 59.60 1.59~2.25 5.08~8.83 7.60
53.60 59.80 1.28~1.93 8.96~15.29 7.40
55.70 61.90 1.6~2.4 1.61~2.31 5.11~8.83 5.30 200
56.02 6222 (AT, =0.2) 1.25~1.95 6.01~12.70 4.98 ’
57.00 63.20 1.27~1.99 4.99~13.31 4.00
58.00 64.20 1.25~1.99 4.01~12.19 3.00
59.00 65.20 1.25~1.99 3.00~11.28 2.00
60.00 66.20 1.24~2.00 2.01~9.91 1.00
60.90 67.10 1.23~1.99 1.17~4.66 0.10
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CLASH Dataset and Empirical Formulas.
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Table 3. Summary of prediction results for overtopping discharge using EurOtop formula

Error analysis Predictive performance

Formula RMSE Bias SD R’
—qu— = 0.047- exp| - (2,35 } 0.00418 0.4595 0.5145 0.8536
m0 "
_quT 0.047- exp_— (2.35[#572)13} 0.00194 —0.4836 0.6762 0.9685
0 L
—g—‘lf;— = 0.047-exp| - (2.35;1;01%7—7)13} 0.00177 —0.2870 0.4761 0.9738
'm0 L
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Table 4. Summary of optimized parameters
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Relative freeboard Parameter Description Optimized value Standard error
A Scale coefficient 0.04221 0.00043
0.02< R/H,, < 1.5 B Exponet base 2.79994 0.03121
C Exponent power 1.29974 0.02219
A Scale coefficient 0.04185 0.00053
0.02 < R/H,, < 0.8 B Exponet base 2.78384 0.03704
C Exponent power 1.33771 0.03078
A Scale coefficient 0.00441 0.00081
08 < R/H,,< 1.5 B Exponet base 1.03939 0.06149
C Exponent power 3.36949 0.57900
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(a) Correlation between measured data and predictions
from the EurOtop 2018 formula with the overtopping
reduction factor
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(b) Correlation between measured data and predictions
from the optimized empirical formula (Eq. 7) proposed
in this study

Fig. 6. Scatter plots comparing measured dimensionless overtopping discharge with predicted values.
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Fig. 7. Scatter plots comparing measured dimensionless overtop-
ping discharge from the optimized empirical formula (Eq. 8)
proposed in this study.
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Table 5. Summary of prediction results for overtopping discharge using new formulas

Error analysis

Formula

Predictive performance

RMSE Bias SD R’
Equation (7) 0.001353 -0.1202 02732 0.9847
Equation (8) 0.001334 —0.0499 0.2056 0.9851
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Fig. 8. Statistical distribution of overtopping prediction accuracy.
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Fig. 9. Statistical distribution of overtopping prediction accuracy.
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