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Calculation of Expected Damage to Breakwater Armor Blocks
Considering Variability in Wave Direction
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Abstract [ In this study, the reliability design method developed by Hanzawa et al. in 1996 for calculation of
the expected damage to armor blocks of a horizontally composite breakwater is extended to take into account the
variability in wave direction such as directional spreading of waves, obliquity of the design principal wave
direction from the shore-normal direction, and its variation about the design value. To calculate the transforma-
tion of random directional waves, the model developed by Kweon et al. in 1997 is used instead of Goda's model,
which was developed in 1975 for unidirectional random waves normally incident to a straight coast with parallel
depth contours and has been used by Hanzawa et al. It was found that the variability in wave direction had great
influence on the computed expected damage to armor blocks. The previous design, which disregarded wave
directionality, could either overestimate or underestimate the expected damage by a factor of two depending on
water depth and seabed slope, if the assumption of the present study that the stability formula for breakwater
armor blocks proposed for normal incidence can be used for obliquely incident waves is valid.
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Fig. 1. Flow chart for computation of total damage within one lifetime (modified from Hanzawa et al. (1996)).

2o WHT BERAE YHOR 245 oM AX
o, o] ojohE BFe] FFY Holck. sighie] 42}
el U@ Foake) BEAE A SIH 9 62
RE} iRIolA 2t} Hlind ke olc. B3, 53
28 se71Re) ARGIME S el A2t B
o=RE 2 Yoh} U2 HEBAE vy Are, I

shsta AgeIA kel el F2F Aolch
a. Hl4toflH|

£ gole $ele) BAE ole) ATAT A}
Hlssha el F242 A skl B ) A



26 N7 - AR - gy

37 38 39° 40

35

3s

34

33

1.

i 4 d i 1 1
133 124 125 136 177 128 129 130 131 132°E
Fig. 2. Location of wave hindcasting (from http:/www.kordi.re.kr).
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Table 1. Averages and standard deviations of principal wave directions (unit: degrees)

Location Number of occurrence (H,>3 m) Average 8, Average @ (ccw from
No. NNW N NNE NE ENE E ESE  (cw from N)  shore-normal direction) 8
53 3 102 104 46 5 40.5 49.5 182
54 7 80 126 48 5 420 48.0 18.1
55 6 87 121 41 6 41.0 49.0 18.1
56 8 59 133 37 3 420 48.0 16.9
58 4 66 154 33 2 1 42.1 479 15.8
59 8 43 148 29 1 423 17.7 152
61 3 7 51 143 32 1 41.0 19.0 17.0
62 3 16 134 50 1 48.3 11.7 139
63 2 10 137 48 2 1 49.6 104 137
64 3 8 113 36 2 1 49.0 11.0 14.5
65 3 58 51 2 I 55.8 42 14.0
66 2 37 39 6 1 58.8 1.2 159
67 2 2 32 3 1 66.9 -6.9 14.7
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Table 2. Design wave heights and masses of Tetrapods
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Fig. 3. Comparison of expected damage between present model
and Hanzawa et al.’s(1996) model.
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Seabed slope 1/10

Water depth (m) 7 9 11 13 15 17 19 21
Design wave height (m) 8.97 9.82 10.48 10.79 10.33 9.88 9.58 9.36
Mass of Tetrapods (tf) 78.4 103.0 124.8 136.6 119.8 104.8 95.5 89.3
Seabed slope 1/50

Water depth (m) 7 9 11 13 15 17 19 21
Design wave height (m) 5.03 6.22 7.32 8.29 9.08 9.59 9.58 9.37
Mass of Tetrapods (tf) 139 26.2 427 62.1 814 95.9 95.5 89.3
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Fig. 4. Comparison of expected damage between @y, ;=-0.13
and oy, 4=-0.06.
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6 20 48 17 0.0
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