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ABSTRACT:

The impact of waves is the primary driving force behind coastal sediment transport and changes in beach morphology. This
study assesses the influence of the detached breakwater crest elevation on the effectiveness of sedimentation behind the breakwater.
Combining internet resources and utilizing historical images from Google Earth, along with on-site inspections and consultation
with planning, design, and construction management authorities, the study collects and synthesizes data on the types and conditions
of existing detached breakwater layouts along the southwestern coast of Taiwan. This involves understanding the initial design
cross-sectional dimensions and elevation configurations of these breakwaters.

Building on the concept of "detached breakwater effects", the study introduces the beach morphological changes behind
artificially submerged headland-bay, which physically composites of 4 detached breakwaters with one of it appearing in high crest
form, implemented as part of the Qijin Coastal Protection Project in Kaohsiung. These serve as recognition models to examine the
factors controlling changes in the initial and current crest elevations of detached breakwaters. Through practical case comparisons,
the study aims to inspect, analyze, and evaluate the effects of offshore breakwater crest elevations on sedimentation behind the
breakwater and the resulting changes in the coastal landscape.

The study confirms that the detached breakwater's crest elevation and impermeability are critical mechanisms controlling
sedimentation behind the breakwater. Additionally, it identifies the strong swashing currents and swashing circulations induced by
diffracted waves and broken waves, with flow velocity u:\/ﬁ (where H, is the significant wave height and g is the
acceleration due to gravity) as significant factors influencing beach reshaping. The main conclusions of the study and the adaptation
strategies for enhancing sedimentation efficiency presented behind detached breakwaters are outlined as following.

1.The impact and strong scouring action derived from the breaking of nearshore waves are the main drivers of changes in

sedimentation behind detached breakwaters.




2.The effectiveness of the " detached breakwater effect” or "headland-bay effect” usually accompanies strong swash
circulations and dominant sand transport, influenced by the diffracted wave action behind the nearshore detached
breakwater or headland. The effectiveness depends on the strength of wave diffraction behind the detached breakwater or
headland.

3.0n sandy beaches, the crest elevation and impermeability of detached breakwaters control the strength of the " detached
breakwater effect” or "diffraction-induced embayment effect", affecting sedimentation efficiency behind the breakwater.

4.For gravel or eroded beaches, even with high crest elevation and impermeability, detached breakwaters may fail to form
sand spits or attached sandbars without a proper supply of sand.

5.The " detached breakwater effect" has 3-D spatial and temporal variation characteristics, especially when the crest elevation
and diffracted wave height are high. The phenomenon of reshaping the beach profile and forming sand spits or attached
sandbars behind the breakwater becomes more apparent.

6.In adverse marine weather conditions, detached breakwaters, especially those with insufficient crest elevation or top height,
may transform into submerged breakwaters due to the combined effects of large waves, storm surges, and settlement or
collapse of the breakwater structure. This transformation leads to the conversion of diffracted waves, which were originally
shielded by the breakwater, into transmitted waves. This, in turn, directly erodes the naturally formed sand spits or attached
sandbars behind the breakwater, potentially causing beach erosion.

7.In the same coastal section, neighboring detached breakwaters with inadequate crest elevation due to subsidence, collapse,
or reconstruction will cause narrowing of the breakwater, increased permeability, and a subsequent weakening of the
embayment effect of diffracted waves. This leads to enhanced scouring by transmitted waves, resulting in differences in
sedimentation efficiency and coastal changes due to the altered characteristics of wave erosion behind the breakwater.

8.To enhance sedimentation efficiency behind detached breakwaters and promote the reshaping of sand spits or attached
sandbars, adjustments and coping strategies should focus on increasing the width and height of the breakwater,
strengthening its impermeability, and complementing with artificial sand sources or beach nourishment. This approach
effectively reduces the intensity of transmitted waves behind the breakwater, enhances the embayment effect of diffracted

waves, and achieves the goal of improving sedimentation and coastal protection efficiency behind the offshore breakwater.
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2016 Monsoon Waves Heights of TC and KL wrt Wind of TC
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2016 Monsoon Waves Periods of TC and KL wrt Wind of TC
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2016 Monsoon Waves Periods of SA and HL wit Wind of TC
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POM Medel, seasonal mean, summer
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243 HFEUFAEARRAHT|LE = m)

Wt £ | g |PER| RS | R REE(E S E | AR SRR |
’ PER|IGER|(VRA YR EEH | Z(Max)| Z(1/10) | Z(1/3) |Z(Average)
1| 729|123 - 97.1 | 269 | 250 2.23 1.67
2 | 726 | 127 | 80 | 1224 | 220 53.2 9.9 | 278 | 2.63 2.45 174
31927 122 ] 80 | 1224 | 2.20 35.8 955 | 264 | 203 173 1.15
4 | 854 | 147 | 80 2.20 25.3 923 | 262 | 1.98 1.69 111
5] 854 | 10 | 80 2.20 42.4 915 | 274 | 167 1.39 0.92
6 | 949 | 123 | 80 2.20 26.4 947 | 199 | 1.65 1.44 0.97
7 | 787 | 17 | 80 2.20 422 927 | 308 | 256 2.08 1.29
8 | 905 | 157 | 80 | 1169 | 2.20 452 92 | 224 | 192 157 0.96
9 [ 917 [ 173 ] 80 | 1169 | 2.20 4.4 91.3 | 251 | 201 1.62 0.99
10| 89 [ 152 | 80 | 11.69 | 2.20 45.8 93 | 231 | 1.80 1.46 0.93
11| 862 | 176 | 80 | 11.69 | 2.20 123 957 | 264 | 202 155 0.97
12| 82 [ 131 ] 80 | 11.69 | 2.20 62.1 926 | 1.7 1.44 1.20 0.85
13| 819 | 115 | 80 | 11.75 | 2.20 16.2 949 | 18 1.49 121 0.86
14| 848 | 152 | 80 | 11.75 | 2.20 50.6 97 | 191 | 158 133 0.85
15| 895 | 139 | 80 | 11.69 | 2.20 235 975 | 21 172 1.45 0.89
16| 778 | 88 | 80 | 11.69 | 2.20 47.6 978 | 111 | 0.90 0.72 0.49
17| 789 | 85 | 80 | 11.75 | 2.20 35 948 | 148 | 1.00 0.77 0.51
18| 777 [ 103 | 80 | 11.75 | 2.20 46.4 916 | 1.29 | 1.04 0.86 0.59
19) 824 | 98 | 80 | 11.75 | 2.20 46.7 917 | 161 | 1.38 1.12 0.78
20| 821 | 89 | 80 | 11.75 | 2.20 323 903 | 1.25 | 1.14 0.95 0.69
21| 776 | 7 80 | 12.05 | 2.20 42 923 | 164 | 141 113 0.81
22| 795 | 84 | 80 | 1205 | 2.20 39.1 909 | 1.82 | 1.62 1.32 0.90
23] 816 | 96 | 80 | 1205 | 2.20 457 931 | 1.8 1.62 1.36 0.95
24| 81 | 119 | 80 14 2.20 28.6 901 | 211 | 1.96 1.85 1.40
25| 842 | 104 | 80 | 11.69 | 2.20 432 939 | 1.78 | 1.68 151 1.07
26| 81.1 | 93 | 80 | 1169 | 2.20 30 94 | 177 | 138 1.21 0.89
2788 | 10 | 80 | 11.69 | 2.20 415 938 | 165 | 155 1.42 1.04
28| 937 | 98 | 80 | 1169 | 2.20 20.1 977 | 193 | 1.70 150 1.08
29| 789 | 102 | 80 14 2.20 38.8 94 | 211 | 1.99 1.89 1.49
30 797 | 12 | 80 14 2.20 39.8 93 | 199 | 1.88 1.72 1.24
31| 783 | 11.9 | 80 14 2.20 39.9 943 | 208 | 1.78 1.64 117
32] 827 | 87 | 80 | 11.69 | 2.20 43 96.2 | 208 | 191 1.64 1.06
33| 855 | 161 | 80 | 12.04 | 2.20 30 925 | 214 | 191 1.62 0.99
34| 949 | 145 | 80 | 1169 | 2.20 233 89.9 | 248 | 219 211 1.28
35| 853 | 139 | 80 | 12.03 | 2.20 28.9 94 | 231 | 203 1.90 1.34
36| 835 | 123 | 80 | 12.28 | 2.20 42.3 956 | 257 | 215 2.02 1.41
37| 799 | 98 | 80 | 1204 | 2.20 30.6 91.7 | 207 | 191 1.72 1.18
38| 867 | 125 | 80 | 11.69 | 2.20 37.7 90.1 | 239 | 203 1.92 158
39| 824 | 147 | 80 | 1169 | 2.20 298 87 | 237 | 185 1.59 0.90
40| 781 | 10 | 80 | 1228 | *3.41 445 931 | 247 | 1.95 173 1.26
41] 806 | 104 | 80 | 1204 | 220 396 91.7 | 2.04 | 1.79 1.66 1.20
42836 | 104 | 80 | 1169 | 2.20 36.1 946 | 211 1.81 1.75 1.39
43815 [ 104 | 80 | 11.69 | *3.41 44.3 94 | 1.83 161 1.34 0.82
4471824 | 97 | 80 | 1169 | 2.20 32.7 956 | 1.96 1.68 151 1.17
451801 | 9.9 | 80 2.20 45.9 89.8 | 3.04 2.32 2.01 1.45

FH AR B L RA AT A AROCE #57 & (2D _AKIE %= 7 ' h 2015
31 RRORITAR MY 0 £4%45 104704 LiDAR # R E  BARAEL AR TIEE LG o

H2REEPER SRR BRTHEAM B p bR AR BOAL e A FAEAR S LB TG ke .
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44 HFEN BARRRRAKI L FHxim)

A ALk AR B AR E

7 E -
| R TR ﬁ‘*;}‘é i!&;«;; ﬁirg (824 % 'ﬁiﬁ z z z z
PARIPAR VR R L (Max) | (1/10) (1/3) | (Average)

6 | 904 187 | 80m | 40m | iy -- 96.7 2.78 2.55 200 073
7 | 909 216 | 80m | 40m | 4y 26.2 97 3.45 2.21 197 068
8 | 89.8] 19 | 80m | 40m | 4y 30.4 95.8 4.35 2.24 190 | 057
9 | 878] 172 | 80m | 40m | 4y 28 95.3 3.49 2.33 179 | 061
10 | 759| 9.6 | 80m | 40m | 32 95.1 1.39 0.98 171 052
11 | 75 | 126 | 80m | 40m | a4y 46.2 144 1.43 1.27 1.72| 046
12 | 779 73 | 80m | 10m | 3m 61.1 96 1.06 0.85 174 041
13 | 767 9.4 | 80m [ 10m | 2.6m 37.9 96.2 1.33 1.23 1.78 | 0.37
14 | 795|119 | 80m | 10m | 3.61m| 383 93.7 2.14 1.52 180 | 054
15 | 75 [ 131 | 80m | 10m [ 3.22m| 452 93 1.39 1.25 1.78 | 065
16 | 83 | 96 | 80m | 10m 434 95.2 1.62 1.48 1.81 1.33
17 | 369 8 80m | 10m 80 94.3 1.19 1.08 1.82 1.35
18 | 91.1] 125 | 80m | 10m 41.6 92.2 1.72 1.43 187 0.88
19 | 90.2] 9.8 | 80m | 10m 22 94.1 2.22 1.65 1.88| 0.84
20 | 83 | 132 38.7 90.4 1.33 1.26 1.14| 073
21 | 81.7] 14.9 36.3 915 1.23 1.19 098] 0.68
22 | 81.2] 9.9 32.9 95.8 0.86 0.84 073 057
23 | 77.7] 118 55.7 94.3 1.08 0.97 082] 061
24 | 81.7] 11.9 30.2 93.6 1.40 0.91 070 052
25 | 824 111 38.5 93.1 0.92 0.74 0.63] 0.46
26 | 77.1] 10.8 42.3 95.1 0.71 0.68 056 | 0.41
27 | 855] 12.7 35 93.9 1.15 0.71 053] 037
28 | 78.1] 15.8 41 89.3 1.48 1.30 1.08| 054
29 | 719] 12.2 47 91.4 1.41 1.37 116 | 0.65
30 | 71.2] 29 39.6 70.5 2.58 2.47 233 133
31 | 70.1] 32.8 2.20m 1316 | 58.2 2.57 2.23 203 135
32 | 81.8] 285 220m| 155 88.1 2.04 1.80 161] 088
33 | 88.9] 31.9 2.20m 37 81.7 1.83 1.74 160| 084
34 | 92.3] 33.8 2.20m| 294 95.3 2.08 1.78 153 | 083
35 | 91.6] 15.9 21.9 99.2 2.57 2.14 1.75| 1.02
36 | 91.1] 18.2 36.1 88 1.72 1.18 0.88| 051
37 | 885] 17.1 19.1 85.4 1.80 1.68 118 | 0.68
38 | 86.6] 15.9 38 88.71 1.35 1.17 1.02] 079
39 | 86.7] 17.7 26.1 86.1 1.78 1.47 111 0.89
40 | 83.9] 145 39.8 89.4 2.51 2.42 227 130
41 | 84.7] 14.9 37.9 89.6 1.96 2.16 1.96 | 1.20
42 | 91.4] 143 2129 | 96.3 2.24 1.96 149 1.03
43 | 96 | 148 12.3 90.9 2.25 1.57 1.96 | 1.04
44 | 95 [ 159 28.3 92.9 1.78 1.62 128 0091
45 | 86 | 108 29.8 94 1.78 1.71 157 113
46 | 885| 15 38.5 88.2 1.78 1.60 1.30| 0.80
47 | 84.4] 19.7 28 87.5 1.71 1.55 134 081
48 | 91.4] 216 45.2 82.4 3.16 3.11 279 135
49 | 91.7] 16.7 28.1 85.5 3.34 3.19 251 1.30
50 | 67 | 14.2 16.3 91.3 2.00 1.74 1.24| 068
51 | 103.4] 31.3 156 77.7 2.73 2.62 240 162
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52 [108.7] 34.1 36.7 80 [ 159 | 152 130] 095
53 | 117.5 35.7 327 | 772 [ 190 | 163 138  1.02
54 | 112.8 36.3 211 | 757 | 157 | 142 119] 0.88
55 | 72.7] 21.9 466 | 767 | 258 | 211 188 1.27
56 | 735| 27 56.7 | 717 | 2.24 | 2.00 177 118
57 | 714 21 836 | 1133 | 2.36 | 2.04 177 120
58 | 72.1] 211 503 | 1054 | 262 | 249 201 131
59 | 70.7] 19.4 756 | 1059 | 260 | 248 218 152
60 | 71.4] 21.2 785 | 106.7 | 2.76 | 2.63 239 157
61 | 75.9| 7.4 558 | 949 | 1.09 | 1.02 0.89| 0.71
62 | 77.3] 121 43 957 | 127 | 121 096 0.79
63 | 77.9] 113 35.9 99 [ 186 | 183 168 1.07
64 | 77.6] 108 43 988 | 151 | 141 117] 058
65 | 785] 145 496 | 978 | 1.60 | 155 138 071
66 | 77 | 121 423 | 947 | 167 | 144 0.86 | 0.36
11 [ 436] 101 | 80m | 10m - 51 | 325 [293 185 | 2.05
12 [ 281[86 |80m | 10m 813 | 498 | 218 | 2.07 172 [ 182
13 [219]75 |80m | 10m 183 | 493 | 230 [ 218 166 | 1.99
14 [ 735/ 92 |80m | 10m 511 | 499 | 203 | 185 158 | 157
I5 | 795]88 | 80m | 10m 389 | 505 | 179 | 168 152 | 1.25
16 | 62.2] 9.4 | 100m | 10m 324 [ 583 | 187 | 168 147 | 115
17 | 60.8] 7.3 | 60m | 10m 745 604 | 146 | 1.35 139 | 0.88
18 | 60.1] 9.9 | 60m | 10m 65.9 584 | 143 | 131 1.38 | 0.90
19 | 585[95 | 60m | 10m 57.9 56.8 | 1.36 | 1.23 136 | 0.87
110 | 60.6 | 9.1 | 60m | 10m 69.6 58 137 | 1.27 136 | 091
111 [ 59.2| 95 | 60m | 10m 63 586 | 136 | 1.20 136 | 0.85
112 [ 56.3| 174 | 60m | 10m 50.1 417 | 140 | 1.00 0.79 | 056
TR AR B RA A A TROCE 5 v & (2-2) S kq1F - 7 1 b 2015

1 BRASRIARALNCEHE 0 £4%4% 104/04 LiDAR » A5RI €41 & B AEAME S AR TG KG o

L2 RERFPER TR CFAFTHELAR F-F ARSI PRI A FAAES ARTE L AR
FU Rk T ARBERE o
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