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Proposal of a Wave-Steepness-Dependent Effective Correction Factor for the
EurOtop Overtopping Formula for Tetrapod-Armored Rubble-Mound Structures
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Abstract : This study investigated the applicability of the EurOtop mean wave overtopping formula using the
results of 270 hydraulic model tests conducted on rubble-mound structures with two-layer regular tetrapod armor
and crown structures of vertical and return-wall types. Since the roughness reduction factor for tetrapods in
EurOtop was derived under specific armor placement and structural conditions, it was used in this study as a
reference value for comparison. Constant effective correction factors were first determined separately for vertical-
and return-wall-type crown structures to account for the mean prediction bias, and the relationship between the
residual prediction errors and wave steepness was subsequently analyzed. Effective correction factors were also
back-calculated for individual experimental conditions, and the predictive performance of exponential, inverse,
and linear correction functions expressed in terms of wave steepness was compared. The results showed that the
nonlinear correction functions improved the prediction accuracy of mean wave overtopping discharge compared
with the constant correction factor. The proposed factor should be interpreted not as an intrinsic roughness factor
of the armor layer, but as an empirical effective overtopping correction factor incorporating the effects of armor
placement, crown-wall configuration, and wave conditions. Its applicability should therefore be limited to the
range of experimental conditions examined in this study.

Keywords : EurOtop, wave overtopping, tetrapod-armored rubble-mound structure, wave steepness, effective
overtopping correction factor
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Fig. 1. Cross-section sketch of tested rubble-mound structure.
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Fig. 2. Installation of the rubble-mound models in the wave flume.
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Fig. 3. Experimental setup and arrangement of wave gauges and overtopping measurement system in the wave flume.
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Fig. 4. Installation of the overtopping tank and the chute in the
wave flume.
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Fig. 5. Comparison of measured mean overtopping discharges with EurOtop (2018) reference predictions using j = 0.38.
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Table 2. Predictive performance of the EurOtop reference factor and optimized constant effective correction factors

Model Crown type 5 0f Jp RMSE BIAS SD SI NSE
EurOtop (2018) Vertical 0.380 0.006437  —0.005900  0.002580 0467195  —0.52635
Constant effoctive factor Vertical 0.465 0.003119  —0.000410  0.003104  0.226387 0.64106
Return wall 0.447 0.002901  —0.000440  0.002879  0.235943 0.65055

Note: EurOtop (2018) does not provide a separate formulation or correction factor accounting for the return-wall crown configuration con-
sidered in this study; therefore, performance statistics for the EurOtop reference prediction are not reported for the return-wall type.
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Table 3. Calibration performance of constant and wave-steepness-dependent effective overtopping correction factors
Correction factor type Crown type RMSE BIAS SD SI NSE
Constant Vertical 0.003119 —0.000410 0.003104 0.226387 0.64106
Return wall 0.002901 —0.000440 0.002879 0.235943 0.65055
Exponential Vertical 0.001380 —0.000257 0.001360 0.100013 0.92989
P Return wall 0.001486 —0.000304 0.001460 0.120865 0.90830
Inverse Vertical 0.001376 —0.000256 0.001357 0.099858 0.93027
v Return wall 0.001485 —0.000303 0.001459 0.120733 0.90850
Lin Vertical 0.001444 —0.000261 0.001426 0.104812 0.92318
car Return wall 0.001521 —0.000306 0.001496 0.123711 0.90393
1E-01 1E-01
+ Fixed parameter, Yetr = 0.465 + Fixed parameter, Yetr = 0.447
O Inverse type O Inverse type
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Fig. 8. Comparison of measured and calculated mean overtopping discharges using the constant and inverse-type effective overtopping cor-
rection factors: (a) vertical-type crown wall; (b) return-wall-type crown wall.
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Fig. 9. Measured and calculated dimensionless mean overtopping discharges versus relative freeboard using wave-steepness-dependent effec-
tive correction functions: (a, b) exponential, (c, d) inverse, and (e, f) linear functions for vertical-type and return-wall-type crown struc-

tures, respectively.
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