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Wave Overtopping Formula for Vertical Structure Including Effects of
Wave Period : Non-breaking Conditions
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Abstract : Two-dimensional hydraulic experiments for wave overtopping under non-breaking wave condition are
conducted. The wave overtopping formula for vertical structure is suggested and the results are compared with
EurOtop (2007). The relative water depth coefficient (y,) shows that almost the same coefficient is obtained for
certain range (k% > 1.55) regardless of relative water depth, that is, although the relative water depth becomes larger,
the relative water depth coefficient is almost same. When the wave steepness becomes larger the wave steepness
coefficient decreases. The overtopping formula are expressed by relative freeboard(R) and non-dimensional wave
overtopping rate(Q) and this formula has the form of exponential function. In this formula, the effects of wave
period on wave overtopping are quantitatively investigated and suggested through the relative water depth
coefticient(y,) and wave steepness coefficient(y,).

Keywords : vertical structure, relative water depth coefficient, wave steepness coefficient, overtopping formula,
two-dimensional hydraulic experiments
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Fig. 2. Schematic sketch of wave flume.
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Table 1. Test wave and relative freeboard conditions of experiment
freeboard (R,)
H,; (cm)
5.0 cm 7.5 cm 10.0 cm 12.5cm 15.0cm 17.5cm 20.0 cm
5.0 1.000 1.500 2.000 - - - -
6.0 0.833 1.250 1.667 - - -
75 0.667 1.000 1333 1.667 2.000 - -
9.0 - 0.833 1111 1.389 1.667 1.944
10.0 - 0.750 1.000 1.250 1.500 1.750 2.000
11.0 - 0.682 0.909 1.136 1.364 1.591 1.818
12,5 - - 0.800 1.000 1.200 1.400 1.600
14.0 - - 0.714 0.893 1.071 1.250 1.429
15.0 - - - 0.833 1.000 1.167 1333
16.0 - - - 0.781 0.938 1.094 1.250
17.5 - - - 0.714 0.857 1.000 1.143
T,,=14,1.6,18,2.0,22, 24, 2.6 sec and 2.8 sec
Table 2. Wave length and relative water depth for wave periods 3.
wave period (T}, sec) oV T e
14 16 18 20 22 24 26 28 4 S T
wave length(4, m) 2.57 3.07 3.57 4.05 4.53 5.00 547 5.93 % N
relative water g oo oo
depth (kh) 244 205 1.76 1.55 139 126 1.15 1.06 : o R
é x  x x X x % x Qp; x % x
Table 3. Wave steepness for test wave conditions 24 R N wsx
o 60 R N T 1
14 16 18 20 22 24 26 28
0.050 0.019 0.016 0.014 0.012 0.011 0.010 0.009 0.008 1 005 010 015 020
0.060 0.023 0.019 0.017 0.015 0.013 0.012 0.011 0.010 sienificantvave height(m)
0.075 0.029 0.024 0.021 0.018 0.017 0.015 0.014 0.013 Fig. 4. Wave steepness for test wave condition.
0.090 0.035 0.029 0.025 0.022 0.020 0.018 0.016 0.015
0.100  0.039 0.032 0.028 0.025 0.022 0.020 0.018 0.017 8 5 (short-crested wave)®] EE & AH(o), AAITR] U]
0.110 0.043 0.036 0.031 0.027 0.024 0.022 0.020 0.019 (), AR, TLE AT A (h), T () U
0.125 0.049 0.041 0.035 0.031 0.028 0.025 0.023 0.021 S 9 Ee 5 4 glon 41y} o] Lhehd 2 o)k
0.140  0.054 0.045 0.039 0.034 0.031 0.028 0.026 0.024
0.150  0.058 0.049 0.042 0.037 0.033 0.030 0.027 0.025 q=fH,s T, 0, B, R.. h,, g Shape of Structure) (1
0.160 0.062 0.052 0.045 0.039 0.035 0.032 0.029 0.027
0.175 0.068 0.057 0.049 0.043 0.039 0.035 0.032 0.030 21(1)e] ofg] 24 FollA Latef] 7 Z|ulA Q] 3k 1]
2= HGE o]83)o] Jﬂﬂ%Uro S 22) 2 2G>
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F A5 2 71712 LS o s
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Fig. 5. Wave overtopping for vertical structures.
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Fig. 6. Wave overtopping for each relative water depth.
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Table 4. Coefficient of y,, for relative water depth, k%

kh b =b/b'
2.4454 3.82 0.9091
2.0426 3.64 0.9530
1.7600 3.83 0.9056
1.5498 3.80 0.9142
1.3868 3.35 1.0373
1.2562 3.23 1.0731
1.1489 3.30 1.0520
1.0592 2.89 1.2009

o
L o
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0.0
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Fig. 7. Coefficient of y,, for relative water depth, k#.
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Table 5. Coefficient of y, for wave steepness, s

s b' 7. =blb' s b' % =0blb
0.008 3.42 1.0146 0.028 3.6 0.9639
0.009 347 1.0000 0.029 3.64 0.9533
0.010 3.36 1.0327 0.031 3.56 0.9747
0.012 3.56 0.9747 0.034 3.52 0.9858
0.013 33 1.0515 0.035 3.54 0.9802
0.015 3.35 1.0358 0.036 3.46 1.0029
0.016 347 1.0000 0.037 347 1.0000
0.017 3.34 1.0389 0.038 3.55 0.9775
0.018 3.51 0.9886 0.041 3.57 0.9720
0.019 3.36 1.0327 0.042 3.47 1.0000
0.021 3.45 1.0058 0.043 3.69 0.9404
0.022 3.45 1.0058 0.045 3.5 0.9914
0.023 3.49 0.9943 0.049 3.67 0.9455
0.024 3.35 1.0358 0.052 3.63 0.9559
0.025 3.59 0.9666 0.057 3.81 0.9108
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Fig. 8. Q-R relation for each wave steepness.
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