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Abstract : In this study, we get an analytical solution for the diffraction and multi-reflection around a semi-
infinite breakwater and breakwaters with a gap by using the solution of Penney and Price (1952). We find
analytical solutions for single- and multi-reflections around the breakwaters by assuming that the reflected waves
are regarded to be those diffracting through a breakwater gap. On the basis of these solutions, it is possible to
understand the wave diffraction with different cases of incident wave direction and breakwater layout. These
solutions may help harbor engineers to understand the phenomena of diffraction and multi-reflections around the
breakwaters. These solutions may also be used to evaluate the applicability of wave transformation models which
are used in designing coastal structures.

Keywords : diffraction, semi-infinite breakwater, breakwaters with a gap, superposition of analytical solu-
tions, single-reflection, multi-reflection
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Fig. 1. Direction of waves incident to the semi-infinite break-
water.

Fig. 2. Dimensionless surface elevations of waves diffracting
around the semi-infinite breakwater (90=60°).
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Fig. 3. Dimensionless surface elevations of waves incident to
the semi-infinite breakwater (6,=60°).
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Fig. 4. Dimensionless surface elevations of waves reflected
from the semi-infinite breakwater (6,=60°).
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Fig. 5. Dimensionless surface elevations for wave diffraction
around the semi-infinite breakwater (6;=60°).
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Fig. 6. Dimensionless wave heights for wave diffraction around
the semi-infinite breakwater (£,=60°).
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Fig. 7. Solutions of wave diffractions around the breakwater gap.
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Fig. 11. Dimensionless surface elevations of waves reflected
from the breakwaters with a gap (6,=60°, B=3L).

Fig. 8. Direction of waves incident to the breakwater gap.
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Fig. 9. Dimensionless surface elevations of waves diffracting
around the breakwaters gap (6,=60°, B=3L).
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Fig. 13. Dimensionless wave heights for wave diffraction around
the breakwater gap (6,=60°, B=3L).
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Fig. 14. Dimensionless wave heights for wave diffraction around
non-aligned breakwaters with a gap (case I, 6,=60°,

Fig. 15. Dimensionless wave heights for wave diffraction around
non-aligned breakwaters with a gap (case II, ,=60°,
B=3L).
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Fig. 17. Dimensionless heights of waves reflected from coastal
structures (B/L=9, 6,=60°, K.=0.3, 0.6, 1).
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Fig. 18. Dimensionless surface clevations (image) and wave
heights (solid line) for wave diffraction around the
breakwater gap (B/L=9, §,=60°, K,=0.3).
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Fig. 19. Dimensionless surface elevations (image) and wave
heights (solid line) for wave diffraction around the
breakwater gap (B/L=6, §,=60°, K,=0.3).

Fig. 20. Dimensionless surface elevations (image) and wave
heights (solid line) for wave diffraction around the
breakwater gap (B/L=3, 8,=60°, K =0.4).

Fig. 21. Dimensionless surface elevations (image) and wave

heights (solid line) for wave diffraction around the
breakwater gap (B/L=9, 6’0=60°, K=03, 06, 1).
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Fig. 22. Wave rays A, B, and C incident and reflected from
each section of non-aligned coastal structures.
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Fig. 23. Dimensionless surface clevation (image) and height
(solid line) of wave ray A reflected firstly from coastal
structures (B/L=3, K,=0.3).
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Fig. 24. Dimensionless surface elevation (image) and height
(solid line) of wave ray A reflected secondly from
coastal structures (B/L=3, K=1.0).
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Fig. 25. Dimensionless surface elevation (image) and height
(solid line) of wave ray C reflected firstly from coastal
structures (B/L=3, K,=1.0).
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Fig. 26. Dimensionless surface elevation (image) and height
(solid line) of wave ray C reflected secondly from
coastal structures (B/L=3, K=0.3).
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Fig. 27. Dimensionless surface elevation (image) and height
(solid line) of wave ray B reflected firstly from coastal
structures (B/L=3, K =0.6).
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Fig. 28. Dimensionless surface elevation (image) and height
(solid line) of all the wave rays reflected from coastal
structures.
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Fig. 29. Variation of wave heights with the order of multi-
reflection (circle: ray A, triangle: ray C).
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Fig. 30. Dimensionless height of waves incident and reflected
from non-aligned coastal structures (00———600).
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Table 1. Dimensionless wave heights and directions of waves reflected from each section of non-aligned breakwaters
Dimensionless wave height Direction of wave ray (degree)
Qrder Of. Before reflection After Before reflection After
multi-reflection . - - — .
Mean |Coefficient of variation| reflection Mean | Coefficient of variation | reflection
1st (wall @) | 1.00000 0.000 0.30000 -60 0.000 0
Ray A 2nd (wall ®) 0.23100 0.190 0.23100 4 0.018 56
3rd (wall @) | 0.02030 0.112 0.00609 171 0.035 129
4th (wall @) | 0.00053 0.100 0.00053 9 0.085 51
Ist (wall @) | 1.00000 0.000 1.00000 -60 0.000 120
Ray C 2nd (wall @) | 0.17200 0.029 0.05160 172 0.025 128
3rd (wall @) | 0.00449 0.102 0.00449 9 0.085 51
Afh (wall @) | 0.00039 0.100 0.00017 171 0.033 129
4.4 E
B 3320 %] Penney and Price(1952)2} 343l E A8
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Fig. 31. Dimensionless height of waves incident and reflected
from non-aligned coastal structures (60:9()").
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