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Abstract [ In this study, the reliability design method developed by Shimosako and Takahashi in 1999 for
calculation of the expected sliding distance of the caisson of a vertical breakwater is extended to take into account
the variability in wave direction such as directional spreading of waves, obliquity of the deep-water design
principal wave direction from the shore-normal direction, and its variation about the design value. To calculate
the transformation 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 Shimosako and Takahashi. The effects of directional
spreading and the variation of deep-water principal wave directions were minor compared with those of the
obliquity of the deep-water design principal wave direction from the shore-normal direction, which tends to
reduce the expected sliding distance as it increases. Especially when we used the field data in a part of east coast
of Korea, considering the variability in wave directions reduced the expected sliding distance to about one third
of that not considering the directional variability. Reducing the significant wave height calculated at the design
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site by 6% to correct the effect of wave refraction neglected in using Goda's model was found to be proper when
the deep-water design principal wave direction is about 20 degrees. When it is smaller than 20 degrees, a value
smaller than 6% should be used, or vice versa. When we designed the caisson with the expected sliding distance
to be 30 cm, in the area of water depth of 25 m or smaller, we could reduce the caisson width by about 30% at
the maximum compared with the deterministic design, even if we did not consider the variability in wave
directions. When we used the field data in a part of east coast of Korea, considering the variability in wave
directions reduced the necessary caisson width by about 10% at the maximum compared with that not
considering the directional variability, and is needed a caisson width smaller than that of the deterministic design

in the whole range of water depth considered (10~30 m).

Keywords : caisson, expected sliding distance, reliability design, variability in wave direction, vertical breakwater,
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Fig. 1. Typical cross-section of vertical breakwater and forces
acting on caisson during sliding.
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Fig. 3. Flow chart for computation of total sliding distance within one lifetime.
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Wave deformation by Kweon et al.(1997)
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Table 1. Estimation errors of design parameters

Design variable Bias Deviation coefficient Remarks
Offshore wave height 0.0 0.1
Storm surge 0.0 0.1 Standard is 10% of offshore wave height
Wave transformation -0.06 or 0.0 0.1
Significant wave period 0.0 0.1
Periods of individual waves 0.0 0.1
Wave forces 0.0 0.1 Goda formulas considered o*
Friction coefficient of caisson 0.0 0.1 Standard is p£=0.6
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Table 2. Test conditions

Case No. S\nax (0,)op (deg)) O-(ap)() (deg) Ou,
1 1000 0 0 -0.06
2 20 0 0 -0.06
3 1000 20 0 -0.06
4 1000 0 15 -0.06
5 20 10 15 0
6 20 20 15 0
7 20 30 15 0
8 20 48 17 0
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Fig. 7. Change of expected sliding distance due to effect of
directional spreading.
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Fig. 8. Change of expected sliding distance due to effect ot
wave refraction.
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Fig. 9. Change of expected sliding distance due to effect of
variation of principal wave direction.
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Fig. 10. Change of expected sliding distance due to all effects
of directional spreading, wave refraction, and variation
of principal wave direction: (@,)op = 10°.

——O—— Case 1 (Slope=1/50)

i r ——@—— Case 6 (Slops=1/50)
B ——A— ~ Case ! (Slope=1/20)
8 F — — &~ —~ Gase 6 (Slope=1/20}

Expected Sliding Distance {m)
T

32

Depth (m)
Fig. 11. Same as Fig. 8 but for (@), =20°.
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Fig. 12. Same as Fig. 10 but for (¢,)ep = 30°.
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Fig. 13. Same as Fig. 8 but for use of field data between Uljin
and Pohang along east coast of Korea.
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Fig. 14. Comparison of relative caisson width by new design
method and conventional method between Case 1 and
Case 8.
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