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## 4270424221 : MAJOR WATER RESOURCES ENGINEERING
KEY WORD : OFFSHORE BREAKWATER / SHORELINE DEVELOPMENT / PHYSICAL MODEL

PIYACHART LERTAMORNPONG: MODELING OF SAND ACCRETION
BEHIND AN OFFSHORE BREAKWATER. THESIS ADVISOR: ASSOC. PROF.
CHAIPANT RUKVICHAI, Ph.D. 191 pp. ISBN 974-17-2357-1.

This thesis aimed at studying the development of sand accretion behind an offshore
breakwater using a physical model experiment. The set of shorelines under normal wave attack has
been studied in the wave basin of the Hydraulic and Coastal Model Laboratory of the Department of
Water Resources Engineering, Chulalongkorn University. The wave variables and model variables,
e.g. length and offshore distance of breakwater were investigated to the effect to the sand accretion

development.

The hydraulic model used in this study consisted of a wave basin, breakwater models, a
wave generator, wave height meters and sandy surface meters. The beach, average sand size 0.25
mm., was attacked by waves with wave steepness ranging between 0.007 to 0.036. For each
experiment, the length of breakwater was varied as 1.0, 1.5 and 2.0 m. Offshore distance of

breakwater was varied as 0.5, 1.0 and 1.5 m.

About 27 study cases were intensively experimented during 13 months, and the obtained
shoreline development was analyzed. It was summarized that there were two parameters involved in
the sand accretion development. The first parameter was the area/volume of sand accretion at the
equilibrium state which depended on deepwater wave climate and offshore distance of breakwater.
Another parameter was the acceleration to equilibrium state depended on deepwater wave
steepness. In the equilibrium shoreline study, the shape criteria for predicting types of equilibrium
shoreline was found by using the ratio of offshore distance to length of breakwater. In addition, there
were some relationships proposed using wave climate variables and model-variables to predict
some ‘equilibrium shoreline characteristics such as salient amplitude, maximum recession, distance
between a tip of salient and a breakwater, and salient width. Finally, a guide for breakwater design

was proposed based on the result of this study.
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Run No. B10D05a | B10DO5b | B10D05c | B10D10a | B10D10b | B10D10c | B10D15a | B10D15b | B10D15¢
Model Setup
Water depth in wave basin, d(m) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Breakwater length (m) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Offshore distance of breakwater (m) 0.60 0.53 0.59 1.05 1.22 1.15 1.50 1.56 1.50

wave at recorder No.1 (d=0.17 m.)
Time of recorder (sec) 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 2160 | 1800 | 1980
Number of wave data 1978 | 1621 | 1440 | 1978 | 1621 | 1440 | 2373 | 1621 | 1584

Statistic Analysis (Time Domain)

Mean wave height, H (m) 0.036 | 0.032 | 0.011 | 0.037 | 0.031 [ 0.011 | 0.035 | 0.019 | 0.012
Root mean square wave height, H_ .o (m) 0.036 | 0.032 | 0.011 | 0.037 [ 0.030 | 0.010 | 0.035 | 0.020 | 0.012
Average wave period, Tg (sec) 0.91 1.1 1.25 0.91 111 1.25 0.91 1.1 1.25
Wave length, L (m) 1.01 1.30 1.50 1.01 1.30 1.50 1.01 1.30 1.50
Wave celerity, C (m/s) o 1.17 1.20 N 74 1.20 1.1 1.17 1.20
Wave steepness, Hy/L | 0.035 | 0.025 | 0.007 | 0.036 | 0.023 | 0.007 | 0.034 | 0.015 | 0.008
Wave energy, Eg (N—m/mz) 1.589 | 1.256 | 0.148 | 1.679 | 1.104 | 0.123 | 1.502 | 0.491 | 0.177

Energyﬂux,Pd(N-m/Sperm.ofwavecrest) 0.885 | 0.737 | 0.089 | 0.936 | 0.648 | 0.074 | 0.837 | 0.288 | 0.106

Spectral Analysis (Frequency Domain)

Spectral energy density at fp, g(f) 0.97 0.90 0.71 0.96 0.88 0.75 0.94 0.92 0.92
Peak frequency, fp (Hz) 1.10 0.90 0.80 1.10 0.90 0.80 1.10 0.90 0.80
Peak spectra period, Tp (sec) 0.91 1.1 1.25 0.91 1.1 1.25 0.91 1.1 1.25

Deep Water (calculated)

Wave period, T (sec) 0.91 1.1 25 0.91 1.1 1.25 0.91 1.1 1.25
Wave height, Hj (m) 0.039 | 0.034 | 0.011 | 0.040 | 0.082 | 0.011 | 0.038 | 0.020 | 0.012
Wave length, Ly (m) 1.29 1.93 2.44 1.29 1.93 2.44 1.29 1.93 2.44
Wave steepness, Hy/Lg 0.030 | 0.018|-0.004-| 0.031 | 0.017 | 0.004 | 0.029 | 0.010 | 0.005

At Breakwater (calculated)

Average water depth,dg,, (m) 0.068 | 0.058 | 0.038 | 0.085 | 0.066 [ 0.056 | 0.075 | 0.089 | 0.078
Wave height, Hg,, (m) 0.040 | 0.038 | 0.014 | 0.039 | 0.035 | 0.013 | 0.038 | 0.021 | 0.013
Wave length, Lg,, (M) 0.70 | 0.82 075 | 077 | 0.86 | 090 | 0.73 | 0.98 1.05
Wave steepness, Hg,/Lgy 0.057 | 0.047 | 0.019 | 0.051 | 0.041 [ 0.014 | 0.052 | 0.021 | 0.013

Energyﬂux,PBW(N—m/sperm.ofwavecrest) 1.335 |1 1.236 | 0.150 | 1.420 | 1.076 | 0.127 | 1.275 | 0.478 | 0.181

At Breaking (calculated)

Breaking depth, dy, (m) 0.053 | 0.051 | 0.023 | 0.054 | 0.048 | 0.023 | 0.052 | 0.033 | 0.024

Breaking wave height, Hy (m) 0.047 | 0.047 | 0.022 | 0.048 | 0.044 | 0.022 | 0.046 | 0.031 | 0.023
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Parameter Notation Equation
Statistic wave parameter
Mean wave height = 1
d H H=—YH
Ni=1
H, = Discrete wave height in a distribution
N = Number of wave height
Root-mean squared Home 1N
Hrms = _ZHIZ
wave height N =
Significant wave height H,, H,, | Average of the highest 1/3 of the wave in
the record
Mean period 3 B 1
T T= —ZTI
N =1
T, = Discrete wave period
Frequency wave parameter
Spectral energy density a(f.) (an2 )/2
o(f)=———
o
a, = Wave amplitude
Spectral variance o’ N 2
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AT 4-1  ANRmes m waz n TReids Iteration algorithm WASABAAUANUDN

NLON D4 ANAA

lteration algorithm SRR LOL ANAA
m n(x10") R’ m n(x107) R’
B10D05a 0.68 1.37 0.84 0.83 0.54 0.83
B10D05b 0.51 0.93 0.94 0.59 0.33 0.91
B10D05¢c 4.56 0.01 0.86 0.53 0.09 0.85
B10D10a 0.36 0.45 0.95 0.37 0.38 0.95
B10D10b 2.47 0.02 0.95 0.51 0.10 0.94
B10D10c 0.28 0.69 0.95 0.32 0.31 0.94
B10D15a 0.28 0.67 0.74 0.35 0.28 0.72
B10D15b 0.30 0.37 0.93 0.33 0.23 0.92
B10D15¢c 0.06 0.51 0.94 0.07 0.24 0.94
B15D05a 0.72 0.97 0.74 1.03 0.24 0.68
B15D05b 0.99 0.18 0.98 0.94 0.16 0.97
B15D05¢ 0.36 0.22 0.99 0.36 0.15 0.99
B15D10a 0.33 0.44 0.98 0.36 0.27 0.98
B15D10b 0.34 0.18 0.93 0.34 0.15 0.91
B15D10c 0.29 0.23 0.96 0.32 0.13 0.96
B15D15a 0.13 0.98 0.96 0.16 0.31 0.91
B15D15b 0.23 1.05 0.91 0.27 0.32 0.87
B15D15¢ 0.15 0.14 0.96 0.13 0.12 0.96
B20D05a 0.40 0.79 0.96 0.44 0.35 0.92
B20D05b 0.45 0.39 0.98 0.50 0.20 0.97
B20D05¢ 0.76 0.1 0.95 0.60 0.1 0.95
B20D10a 0.44 0.38 0.95 0.52 0.21 0.95
B20D10b 0.26 0.60 0.79 0.36 0.18 0.76
B20D10c 0.21 0.24 0.92 0.24 0.13 0.91
B20D15a 0.16 1.06 0.94 0.18 0.37 0.89
B20D15b 0.10 0.62 0.92 0.12 0.21 0.92
B20D15¢c 0.16 0.18 0.97 0.16 0.12 0.97




AT 4-2  ANRmes M waz N 1aeR3 Iteration algorithm wazasnuuaLFunmg

NLON D4 ANAA

lteration algorithm SRR LOL ANAA
M N (x10°) R’ M N (x10°) R’
B10D05a 0.51 0.75 0.93 0.60 0.45 0.88
B10D05b 0.48 1.79 0.99 0.56 0.40 0.86
B10D05¢c 1.88 0.03 0.91 0.58 0.10 0.87
B10D10a 0.21 1.10 0.93 0.25 0.59 0.83
B10D10b 0.39 0.29 0.94 0.43 0.24 0.90
B10D10c 0.24 0.72 0.98 0.28 0.36 0.95
B10D15a 0.27 0.59 0.87 0.36 0.24 0.65
B10D15b 0.14 0.98 0.99 0.16 0.38 0.94
B10D15¢c 0.05 0.62 0.98 0.06 0.28 0.95
B15D05a 0.66 0.34 0.90 0.83 0.21 0.83
B15D05b 1.47 0.1 0.99 1.19 0.13 0.98
B15D05¢ 0.49 0.15 0.99 0.46 0.12 0.98
B15D10a 0.32 0.57 0.97 0.38 0.27 0.88
B15D10b 0.79 0.09 0.93 0.53 0.15 0.90
B15D10c 0.24 0.24 0.99 0.25 0.14 0.99
B15D15a 0.13 1.14 0.96 0.16 0.33 0.71
B15D15b 0.24 1.37 0.98 0.29 0.33 0.77
B15D15¢ 0.12 0.21 0.99 0.12 0.13 0.99
B20D05a 0.30 0.68 0.99 0.35 0.29 0.91
B20D05b 0.45 0.48 0.99 0.51 0.21 0.94
B20D05¢ 0.67 0.14 0.99 0.60 0.12 0.99
B20D10a 0.45 0.24 0.98 0.48 0.20 0.98
B20D10b 0.34 0.31 0.90 0.41 0.17 0.85
B20D10c 0.17 0.18 0.99 0.16 0.13 0.99
B20D15a 0.14 0.89 0.89 0.20 0.26 0.50
B20D15b 0.20 0.52 0.98 0.24 0.19 0.90
B20D15¢c 0.18 0.23 0.95 0.19 0.14 0.95
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Weight of container + Dry sand 734.8 gm.
Weight of container 95.0 gm.
Weight of Dry sand 639.8 gm.
Sieve No. Sieve Weight of | Weight of | Weight of | Weight of | Cumulative| Percent
Openning Sieve |sievetsand Sand Sand Retained Finer
mm. gm. gm. gm. % % %
30 0.59 318.4 333.3 15.1 2.4 2.4 97.6
50 0.297 299.2 483.5 184.3 28.8 31.2 68.8
100 0.149 289.1 650.6 361.5 56.5 87.7 12.3
200 0.074 269.0 342.6 73.6 11.5 99.2 0.8
pan 0 264.6 270.0 58 0.8 100.0 0.0
100 2
90
80
70 X
. 60
[G)
[
[ 50
=
40
30
20
10 .
O X
0.01 0.1
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ANMIGIsaLNeIRes [ svezdaedn AYINGIARY ATLLIAARY L
. . ANTUAAU
(La3en) (14.) (W) (W)
15 4 0.010-0.016 1.25 0.007 - 0.011
18 4.4 0.019-0.033 1.1 0.015-0.025
20 4.7 0.025 - 0.037 0.91 0.024 - 0.036
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(1) No. 1 No. 2 No. 3 No. 4
-10 -0.996 -0.988 -1.006 -0.996
-8 -0.790 -0.777 -0.793 -0.785
-6 -0.598 -0.589 -0.594 -0.593
-4 -0.412 -0.403 -0.406 -0.397
-3 -0.307 -0.301 -0.299 -0.302
-2 -0.209 -0.204 -0.201 -0.201
-1 -0.102 -0.094 -0.092 -0.090
0 -0.010 0.017 0.021 0.003
1 0.112 0.115 0.120 0.123
2 0.210 0.213 0.222 0.222
3 0.314 0.321 0.325 0.326
4 0.418 0.423 0.430 0.435
6 0.616 0.620 0.628 0.632
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10 1.016 1.019 1.037 1.040
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ANNANLINT Annguliainiezas "A" (mm.) Anfanuliainiezas "B" (mm.)
measure No. . I T I I - T - =
Auua (mm.) | afan 1 | pfen 2 | AfN 3 | de | S0 1 | AT 2 | AT 3 | 1aAY
1 15 15.2 15.0 14.5 14.9 16.0 15.2 16.0 15.7
2 20 19.0 19.0 19.5 19.2 20.0 21.0 21.0 20.7
3 30 29.5 29.0 29.0 29.2 31.0 31.0 30.5 30.8
4 40 38.5 38.5 38.0 38.3 39.5 40.0 39.5 39.7
5 50 49.0 48.5 48.5 48.7 50.5 50.5 50.0 50.3
6 60 60.0 59.5 59.5 59.7 60.0 60.5 60.0 60.2
7 70 70.5 71.0 70.5 70.7 71.0 71.0 71.0 71.0
8 80 81.0 81.0 81.0 81.0 80.5 80.5 80.5 80.5
9 90 91.0 91.0 91.0 91.0 90.0 90.0 90.5 90.2
10 100 101.0 101.0 101.0 101.0 100.0 100.0 100.5 100.2
11 110 109.5 T1048 110.5 110.2 110.0 109.5 110.0 109.8
12 120 119.5 120.0 120.0 119.8 119.5 119.5 120.0 119.7
13 130 1340 131.0 130.0 130.7 130.0 130.0 130.5 130.2
14 140 140.5 139.5 140.0 140.0 139.5 140.0 140.0 139.8
15 150 151.0 152.0 152.0 151.7 150.5 151.0 151.0 150.8
16 160 162.0 162.0 162.0 162.0 161.0 161.0 161.0 161.0
17 170 171.5 1725 172 172.2 1715 171.5 1715 171.5
18 180 182.0 182.5 182.5 182.3 180.5 180.5 180.5 180.5
19 190 191.0 192.0 192.0 191.7 190.5 191.0 191.0 190.8
20 200 202.0 202.0 202.0 202.0 200.5 200.5 200.5 200.5
200 T T T T T
E —
T L
=
§ 160 —
h= i
>
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>
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8 1201
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« 80— ]
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Qaj X Sandy Surface Meter 1
TY% O Sandy Surface Meter 2
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Run No. B10D05a | B10DO5b | B10D0SC | B10D10a | B10D10b | B10D10c | B10D15a | B10D15b | B10D15¢
Model Setup
Water depth in wave basin, d(m) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Breakwater length (m) 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00 | 1.00
Offshore distance of breakwater (m) 0.60 0.53 0.59 1.05 1.22 1.15 1.50 1.56 1.50

wave at recorder No.1 (d=0.17 m.)
Time of recorder (sec) 1800 | 1800 | 1800 | 1800 | 1800 | 1800 | 2160 | 1800 | 1980
Number of wave data 1978 | 1621 | 1440 | 1978 | 1621 | 1440 | 2373 | 1621 | 1584

Statistic Analysis (Time Domain)

Mean wave height, H (m) 0.036 | 0.032 | 0.011 | 0.037 | 0.031 [ 0.011 | 0.035 | 0.019 | 0.012
Root mean square wave height, H . (m) 0.036 | 0.032 | 0.011 | 0.037 | 0.030 [ 0.010 | 0.035 | 0.020 | 0.012
Average wave period, Tg (sec) 0.91 1.1 1.25 0.91 1.1 1.25 0.91 1.1 1.25
Wave length, L (m) 1.01 1.30 1.50 1.01 1.30 1.50 1.01 1.30 1.50
Wave celerity, C (m/s) 141 1547 1.20 1.11 i 7 1.20 1.1 1.17 1.20
Wave steepness, Hy/L | 0.035 | 0.025 | 0.007 | 0.086 | 0.023 | 0.007 | 0.034 | 0.015 | 0.008
Wave energy, Eg (N—m/mz) 1.589 | 1.256 | 0.148 | 1.679 | 1.104 | 0.123 | 1.502 | 0.491 | 0.177

Energyﬂux,Pd(N-m/sperm.ofwavecrest) 0.885 | 0.737 | 0.089 | 0.936 | 0.648 | 0.074 | 0.837 | 0.288 | 0.106

Spectral Analysis (Frequency Domain)

Spectral energy density at fp, g(f) 0.97 0.90 0.71 0.96 0.88 0.75 0.94 0.92 0.92
Peak frequency, fp (Hz) 1.10 0.90 0.80 1.10 0.90 0.80 1.10 0.90 0.80
Peak spectra period, Tp (see) 0.91 1.1 1.25 0.91 .3 1.25 0.91 1.1 1.25

Deep Water (calculated)

Wave period, T (sec) 0.91 1M 1.25 0.91 1.11 1.25 0.91 1.1 1.25
Wave height, Hj (m) 0.039 | 0.034 | 0.011 | 0.040 | 0.082 | 0.011 ]| 0.038 | 0.020 | 0.012
Wave length, Ly (m) 129 1.93 244 1.29 1.98 2.44 1.29 1.93 2.44
Wave steepness, Hg/L, 0.030 | 0.018 | 0.004 | 0.031 | 0.017 | 0.004 | 0.029 | 0.010 | 0.005

At Breakwater (calculated)

Average water depth,dg,, (m) 0.068 | 0.058 | 0.038 | 0.085 | 0.066 | 0.056 | 0.075 | 0.089 | 0.078
Wave height, Hg, (m) 0.040 | 0.038 | 0.014 | 0.039 | 0.035 | 0.013 | 0.038 | 0.021 | 0.013
Wave length, Lg,, (M) 0.70 | 0.82 0.75 | 077 | 0.86 | 090 | 0.73 | 0.98 1.05
Wave steepness, Hg,/Lgy 0.057 | 0.047 | 0.019 | 0.051 | 0.041 [ 0.014 | 0.052 | 0.021 | 0.013

Energyﬂux,PBW(N—m/sperm.ofwavecrest) 1.335 |1 1.236 | 0.150 | 1.420 | 1.076 | 0.127 | 1.275 | 0.478 | 0.181

At Breaking (calculated)

Breaking depth, dy, (m) 0.053 | 0.051 | 0.023 | 0.054 | 0.048 | 0.023 | 0.052 | 0.033 | 0.024

Breaking wave height, Hy (m) 0.047 | 0.047 | 0.022 | 0.048 | 0.044 | 0.022 | 0.046 | 0.031 | 0.023
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B10DO05b : H =0.032 m.
rms

- T =111s.
r H/L =0.029
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a7 (Au)
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L rms
[ T =1.25s.
L H/L =0.

! ! ! ! x | ! b = 0.009
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a =
A1 (IUN)

317 A-1 et sdeyananainnastiuin gannmaaed B10D05
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B10D10a:H_ =0.037 m.
rms

—

T =091s.
H/L =0.041

| | | | | | |
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a1 (3
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B10D10b:H_ =0.030 m.
T =111s.
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a1 (3ui)
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T =125s.
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S RILE RETAN - - - - t=0hr
T s e e t=2hrs. 7
B Breakwater — — t=6hrs
1 l 1 l 1 l 1 l L l 1 l 1 l 1 l 1 l 1
-5 -4 -3 2 -1 0 o 2 3 4 5
FLEITNNANNUITE S (3.
T ‘d' T J T T ‘ T —’ T ‘ T T T ‘ T
L) WUIARTILLENE - - - t=0hr
F e W mee——— 0200 - - t=2hrs. o
B Breakwater — — t=6hrs
[N
1 l 1 L 1 L 1 l 1 l 1 l L l 1 l 1 l 1
-5 -4 -3 -2 -1 0 AN 2 3 4 5
FLRITNNAINLIT S (W)
y ~ e = = o A | e
-4 LLWJ?JWEIEIQLL@ZiLLWJﬂ@‘L&LLMﬂ[ﬂ'Jﬂ?MﬂQWNEI”VJL‘?Jﬂuﬂuﬂ@u 1.0 4. ’j‘tﬂmﬂ’]\?ﬁ\i 0.60 W.

A
nA

TWIAARY Hy/Lg = 0.030 AILAAK T = 0.91 37

F19N A-2 - Aawasadwasgliasmaadls nstiB10D05a

B10D05a

run duration, t 0 hr. 2 hrs. 6 hrs. 16 hrs. 30 hrs.
shape - 1S 1S T T
X5 (m) - 0.57 0.63 0.60 0.56
D, (m) 0.00 0.40 0.52 0.60 0.56
Xg (M) 0.49 017 0.11 0.00 0.00
B, (m) - 2.29 2.33 216 2.46
A(m®) 0.00 0.28 0.31 0.42 0.45
V10 m’) 0.00 1161 13.08 20.45 21.93

UHNEIWE  (1S)-Salient

(T)-Tombolo (2S)-Double salient

(S/T)-Double salient with tombolo
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’gj“ﬂi’] A-5  WUATNEENUAZLUIAAUUANFANTIIAIN1ATAUAUARY 1.0 4. Txazuneile 0.53 4.

T
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1.2 1) wameils - - - - t=0hr
T s e e t=6hrs. 7
08 — - —  t=12hrs
| Breakwater i
04
0.0 ez~
-04 +— —
1 l 1 l 1 l 1 l L l 1 l 1 l 1 l 1 l 1
-5 -4 -3 2 -1 0 o 2 3 4 5
FLEITNNANNUITE S (3.
T ‘ d' T J T T ‘ T —’ T ‘ T T T ‘ T
1.0 ) WUIARTLLLEANEN - - - t=0hr
F e W mee——— 0200 - - t=6hrs.
0.8 . _ —
Breakwater t=12hrs.
0.4
0.0
I t=236 hrs.A
04+ —
1 l 1 L 1 L 1 l 1 l 1 l L l 1 l 1 l 1
-5 -4 -3 -2 -1 0 AN 3 4 5
FLRITNNAINLIT S (W)

WIAARY Hy/Lg = 0.018 AILAAW T = 1.11 37

FN39% A-3 Adnasadeaszilsassle nsiiB10D05h

B10D05b

run duration, t 0 hr. 6 hrs. 12 hrs. 22 hrs. 36 hrs.
shape - 1S T T T
X, (m) - 0.55 0.56 0.55 0.59
D, (m) 0.00 0.39 0.56 0.55 0.59
Xg (M) 0.50 0.16 0.00 0.00 0.00
B, (M) - 2.16 1.90 1.86 2.10
A(mz) 0.00 0.21 0.26 0.26 0.28
V(x10_3 m3) 0.00 14.10 14.35 14.60 15.54

UHNEIWE  (1S)-Salient

(T)-Tombolo (2S)-Double salient

(S/T)-Double salient with tombolo
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Go
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1 l 1 l 1 l 1 l L l 1 l 1 l 1 l 1 l 1
-5 -4 -3 -2 -1 0 1 2 3 4 5
FLEITNNANNUITE S (3.
T ‘ d' T J T T ‘ T —’ T ‘ T T T ‘ T
1.2 2) LUIRRULANGY - - - - t=o0hr
R F e W mee——— 0200 - - t=10 hrs.
=3
- 08~ Breakwater — - —  t=20hrs |
-
[
.
g 04
Mg
?
=
39
g 00
Go
t =42 hrs.
04+ —
1 l 1 L 1 L 1 l 1 l 1 l L l 1 l 1 l 1
-5 -4 -3 -2 -1 0 AN 3 4 5
FLRITNNAINLIT S (W)

U7 A-6  uuT B NUAZUUIAALLANFINITIAYNENATOUAUARY 1.0 1. TeaIzUineil 0.59 X,

WIAARY Hy/Lg = 0.004 AILAAW T = 1.25 37

B399 -4 AanasadimeszlsasTaaile nsdiB10D05C

B10D05c

run duration, t 0 hr. 10 hrs. 20 hrs. 30 hrs. 42 hrs.
shape - 1S 1S 1S T
X, (m) - 0.57 0.59 0.61 0.67
D, (m) 0.00 0.26 0.36 0.49 0.67
Xs (M) 0.53 0.31 0.23 0.12 0.00
B, (m) - 1.57 1.76 1.74 1.82
A(m2) 0.00 0.09 0.09 0.16 0.28
V(><1073 ma) 0.00 413 6.24 6.12 11.77

uaelag  (1S)-Salient

(T)-Tombolo (2S)-Double salient

(S/T)-Double salient with tombolo
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-5 -4 -3 -2 -1 0 1 2 3 4 5
TLRITNIFNNUUITIEN (3.)
T ‘d' T J T T { T Ll { T T T { T
1.0 ) WUIARTLLLEANEN Gt - - - t=0hr. _|
R F e W mee——— 0200 - - t=1hrs. o
=
- 0.8 — - —  t=3hrs
I
= L §
=
£ 04
ERIcN
?
5
g 00
T L — --- — t=15Hhrs. |
04— t=26hrs. 7|
1 l 1 L 1 L 1 l 1 l 1 l L l 1 l 1 l 1
-5 -4 -3 -2 A 0 L\ 2 3 4 5
FLRITNNAINLIT S (W)
~ ' dl e = | P
gﬂ‘i’l A-7 WU ENULAZILUAAALLANFONITUAINEIR T AUTIARY 1.0 8. Feaehneile 1.05 4.

TUIAARY Hp/Lg = 0.031 ATUAAK T = 0.91 3

B39 A-5  ATNAzaREeszlssTaala nsiiB10D10a

B10D10a
run duration, t 0 hr. 1 hrs. 3 hrs. 7 hrs. 15 hrs. 26 hrs.
shape - 1S 1S 1S 1S 1S
X5 (m) - 1.01 1.02 0.97 1.03 1.02
D, (m) 0.00 0.12 021 0.23 0.30 0.29
Xg (M) 1.01 0.89 0.81 0.74 0.73 0.73
B, (m) - 1.78 1.94 1.90 213 214
A(mz) 0.00 0.07 0.07 0.28 0.35 0.35
V(><10_3 ma) 0.00 7.07 10.19 19.49 20.49 15.95

(1S)-Salient (T)-Tombolo (2S)-Double salient

UHNEILNE)

(S/T)-Double salient with tombolo
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FLRIZNNANNBUT Y (N.)
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A o

F ) WUIARULRANEN Bt et - - - - t=ohr
2 e — H t=1hrs
0.8
0.4
00F =~

- DS s s
04 —  t=37hrs |

Y A & G A R N WL Y R R A
5 -4 3 2 = 0 R\ T 2 3 4 5

FLRITNNAINLIT S (W)

A A-8 Tt LA UIAALLANAINTIAINENAAUALARY 1.0 N, Treiziaile 1.22 X

TWIAARY Hy/Lg = 0.017 AILARWT = 1.11 3u7

B39 A-6  ATWAZIRAasseTanEle nstiB10D10b

B10D10b
run duration, t O hr. 1 hrs. 3 hrs. 7 hrs. 15 hrs. 37 hrs.
shape : 1S 1S 1S 1S 1S
X5 (m) - 1.34 1.32 1.15 1.01 1.15
D, (m) 0.00 0.42 0.51 0.35 0.27 0.63
Xg (M) 1.04 0.92 0.81 0.80 0.74 0.52
B, (m) - 2.10 1.92 2.04 1.81 2.04
A(mz) 0.00 0.02 0.05 0.09 0.26 0.56
V(x10°m’) 0.00 430 8.90 15.70 1741 31.19

UNEUNE  (1S)-Salient

(T)-Tombolo (2S)-Double salient

(S/T)-Double salient with tombolo
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A o
F ) LWIARULEINGD A - - -
1.2

=}
™
I

T

-5 -4 -3 4 -1 0 i 2 3 4 5

FLRITNNAINLIT S (W)
dl -&I a =
AUTNRARNY HO/LO = 0.004 A UARAL T = 1.25 UM

N3N A-7  ATNAZIRIERSIUssTARIRe NsalB10D10c

W N LA LUI AR ULANFINTERAINENTAUAWARY 1.0 N, Treiziingil 1.15 X,

B10D10c
run duration, t O hr. 1 hrs. 3 hrs. 7 hrs. 17 hrs. 35 hrs.
shape - 1S 1S 1S 1S 1S
X5 (m) - 1.06 1.04 1.09 1.01 1.04
D, (m) 0.00 0.08 0.08 019 0.18 0.25
Xs (M) 1.12 0.98 0.96 0.90 0.83 0.79
B, (m) - 2.05 2.21 2.03 1.94 217
A(m2) 0.00 0.05 0.09 0.26 0.28 0.33
V(x1 0° ms) 0.00 3.40 6.86 10.32 13.76 16.25

udeNE  (1S)-Salient

(T)-Tombolo (2S)-Double salient

(S/T)-Double salient with tombolo
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FLRITNNAINLIT S (W)

= ' o o = A4 oA
91N A-10 WU ENULAZLUAPALLANFINTEUANNLITBUAUARY 1.0 4.

a

UIAARY Hy/Lg = 0.029 AILAAK T = 0.91 3U¥

B3NN A-8 - Aanazadiaaszlinegasile nstiB10D 154

T UNNEg 1.50 W,

B10D15a
run duration, t 0 hr. 6 hrs. 14 hrs. 26 hrs. 40 hrs.
shape - 1S 1S 1S 1S
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V(x10~ m’) 0.00 17.63 35.91 32.92 24.39
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run duration, t 0 hr. 6 hrs. 16 hrs. 30 hrs.
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A(m2) 0.00 0.26 0.31 0.47
V(x1073m3) 0.00 15.80 19.15 20.07
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run duration, t 0 hr. 2 hrs. 6 hrs. 12 hrs. 20 hrs. 40 hrs.
shape - 1S 1S 1S 1S 1S
X5 (m) - 1.49 1.51 1.50 152 1.55
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Run No. B15D05a | B15D05b | B15D05¢ | B15D10a | B15D10b | B15D10c | B15D15a | B15D15b | B15D15¢
Model Setup
Water depth in wave basin, d(m) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Breakwater length (m) 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50
Offshore distance of breakwater (m) 0.49 0.50 0.58 1.05 1.02 0.99 1.52 1.48 1.55

wave at recorder No.1 (d=0.17 m.)
Time of recorder (sec) 3600 | 4140 | 3960 | 3420 | 3240 | 3240 | 3780 | 3960 | 3240
Number of wave data 3956 | 3729 | 3168 | 3758 | 2918 | 2592 | 4153 | 3567 | 2592

Statistic Analysis (Time Domain)

Mean wave height, H (m) 0.033 | 0.025 | 0.015 | 0.032 | 0.025 [ 0.014 | 0.030 | 0.023 | 0.014
Root mean square wave height, H . (m) 0.033 | 0.025 | 0.014 | 0.033 | 0.025 | 0.014 | 0.030 | 0.023 | 0.014
Average wave period, Tg (sec) 0.91 1.1 1.25 0.91 1.1 1.25 0.91 1.1 1.25
Wave length, L (m) 1.01 1.30 1.50 1.01 1.30 1.50 1.01 1.30 1.50
Wave celerity, C (m/s) 141 1547 1.20 1.11 i 7 1.20 1.1 1.17 1.20
Wave steepness, Hy/L | 0.033 | 0.019 | 0.010 | 0.082 [ 0.019 | 0.009 | 0.029 | 0.018 | 0.009
Wave energy, Eg (N—m/mz) 1.335 | 0.766 | 0.240 | 1.335 | 0.766 | 0.240 | 1.104 | 0.649 | 0.240

Energyﬂux,Pd(N-m/sperm.ofwavecrest) 0.744. | 0.450 | 0.144 | 0.744 | 0.450 | 0.144 | 0.615 | 0.381 | 0.144

Spectral Analysis (Frequency Domain)

Spectral energy density at fp, g(f) 0.99 0.95 0.78 0.94 0.97 0.97 0.98 0.93 0.93
Peak frequency, fp (Hz) 1.10 0.90 0.80 1.10 0.90 0.80 1.10 0.90 0.80
Peak spectra period, Tp (see) 0.91 1.1 1.25 0.91 .3 1.25 0.91 1.1 1.25

Deep Water (calculated)

Wave period, T (sec) 0.91 1M 1.25 0.91 1.11 1.25 0.91 1.1 1.25
Wave height, Hj (m) 0.036 | 0.026 | 0.015 | 0.035 | 0.026 | 0.014 | 0.032 | 0.024 | 0.014
Wave length, Ly (m) 129 1.93 244 1.29 1.98 2.44 1.29 1.93 2.44
Wave steepness, Hg/L, 0.028 | 0.014 | 0.006 | 0.027 | 0.014 | 0.006 | 0.025 | 0.013 | 0.006

At Breakwater (calculated)

Average water depth,dg,, (m) 0.064 | 0.063 | 0.033 | 0.069 | 0.057 | 0.046 | 0.063 | 0.070 | 0.071
Wave height, Hg, (m) 0.037 | 0.029 | 0.020 | 0.035 | 0.029 [ 0.017 | 0.033 | 0.026 | 0.016
Wave length, Lg,, (M) 068 | 084 [ 069 | 0.70 | 0.81 0.82 | 0.68 | 0.89 1.02
Wave steepness, Hg,/Lgy 0.054 | 0.034 | 0.029 | 0.050 | 0.036 | 0.021 | 0.048 | 0.029 | 0.016

Energyﬂux,PBW(N—m/sperm.ofwavecrest) 1.119 | 0.744 | 0.240 | 1.124 | 0.755 | 0.247 | 0.932 | 0.639 | 0.251

At Breaking (calculated)

Breaking depth, dy, (m) 0.051 | 0.041 | 0.028 | 0.050 | 0.041 | 0.027 | 0.045 | 0.038 | 0.027

Breaking wave height, Hy (m) 0.045 | 0.037 | 0.027 | 0.044 | 0.037 | 0.026 | 0.040 | 0.036 | 0.026
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- Y = A4 oA
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Run No. B20D05a | B20D05b | B20D05c | B20D10a | B20D10b [ B20D10c | B20D15a | B20D15b | B20D15¢
Model Setup
Water depth in wave basin, d(m) 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35 0.35
Breakwater length (m) 2.00 2.00 | 2.00 2.00 2.00 2.00 2.00 2.00 2.00
Offshore distance of breakwater (m) 0.59 0.57 0.52 0.96 1.04 1.04 1.63 1.57 1.55
wave at recorder No.1 (d=0.17 m.)
Time of recorder (sec) 3780 | 3960 | 3960 | 4140 | 4140 | 4320 | 3600 | 3780 | 3960
Number of wave data 4153 | 3567 | 3168 | 4549 | 3729 [ 3456 | 3956 | 3405 | 3168
Statistic Analysis (Time Domain)
Mean wave height, H (m) 0.025 | 0.033 | 0.012 | 0.033 | 0.026 | 0.016 | 0.032 | 0.032 | 0.016
Root mean square wave height, H . (m) 0.025 | 0.032 | 0.012 | 0.083 | 0.027 | 0.016 | 0.032 | 0.032 | 0.016
Average wave period, Tg (sec) 0.91 1.1 1.25 0.91 1.1 1.25 0.91 1.1 1.25
Wave length, L (m) 1.01 1.30 1.50 1.01 1.30 1.50 1.01 1.30 1.50
Wave celerity, C (m/s) (N 7 1.20 1.1 1% 1.20 1.1 1.17 1.20
Wave steepness, Hy/L | 0.024 | 0.025 | 0.080 | 0.083 | 0.020 | 0.011 | 0.032 | 0.025 | 0.010
Wave energy, Ey (N—m/mz) 0.766 | 1.256 | 0.177 | 1.335 | 0.894 | 0.314 | 1.256 | 1.256 | 0.314
Energy flux, Py (N-m/s per m. of wave crest) | 0.427 [ 0.738 | 0.106 | 0.744 | 0.525 | 0.189 | 0.700 | 0.738 | 0.189
Spectral Analysis (Frequency Domain)
Spectral energy density at fp, g(f) 0.98 0.74 0.71 0.99 0.87 0.90 0.97 0.95 0.96
Peak frequency, fp (Hz) 1.10 0.90 0.80 1.10 0.90 0.80 1.10 0.90 0.80
Peak spectra period, Tp (see) 0.91 1.1 1.25 0.91 .3 1.25 0.91 1.1 1.25
Deep Water (calculated)
Wave period, T (sec) 0.91 S 125 1 091 1.11 1.25 0.91 1.1 1.25
Wave height, Hj (m) 0.027 | 0.034 | 0.012 | 0.036 | 0.028 | 0.016 | 0.035 | 0.034 | 0.016
Wave length, Ly (m) 129 193] 244 1.29 1.93 2.44 1.29 1.93 2.44
Wave steepness, Hg/L 0.021 | 0.018 | 0.005 | 0.028 | 0.014 | 0.007 | 0.027 | 0.018 | 0.007
At Breakwater (calculated)
Average water depth,dg,, (m) 0.067 | 0.060 | 0.033 | 0.076 | 0.059 | 0.047 | 0.089 | 0.065 | 0.054
Wave height, Hg, (m) 0.027 | 0.038 | 0.016 | 0.036 | 0.032 | 0.020 | 0.034 | 0.037 | 0.019
Wave length, Lg,, (M) 0.70 0.83 0.70 0.74 0.82 0.83 0.79 | 0.86 0.90
Wave steepness, Hg,/Lgy 0.039 | 0.046 | 0.023 | 0.049 | 0.038 | 0.024 | 0.043 | 0.044 | 0.021
Energy flux, Pg,, (N-m/s per m. of wave crest)] 0.641 | 1.239 | 0.178 | 1.134 | 0.858 | 0.327 | 1.054 | 1.218 | 0.328
At Breaking (calculated)
Breaking depth, dy, (m) 0.040 | 0.051 | 0.024 | 0.051 | 0.044 | 0.030 | 0.050 | 0.051 | 0.030
Breaking wave height, Hy (m) 0.036 | 0.047 | 0.023 | 0.045 | 0.040 | 0.028 | 0.044 | 0.047 | 0.028
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Vx10°m’) 0.00 14.56 23.21 2357 2523

UHNEIE  (1S)-Salient
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B10D05a | 10 | 1 10 |039|060| 5 | 11| 64 | 25 | 36 | 9.1 100 60
B10DOSb | 10 | 1 10 |o039|060]| 4 8 | 96 | 25 | 32| 11.1 100 53
B10DO5c | 10 | 1 10 |o039|060]| 3 4 | 122 25 | 11 | 125 100 59
B10D10a | 10 | 1 10 |039|060| 5 | 11| 64 | 25 | 37| 91 100 105
B10D10b | 10 | 1 10 |o039|060]| 4 8 [ 96| 25| 3 | 111 100 122
B10D10c | 10 | 1 10 |o039|060]| 3 4 | 122 25 | 1 |125 100 115
B10D15a | 10 | 1 10 |039|060| 5 | 11 | 64 | 25 | 35| 9.1 100 150
B10D15b | 10 | 1 10 |o039|060]| 4 8 | 96 | 25| 2 | 111 100 156
B10D15¢c 10 1 10 0.39 | 0.60 ©) 4 122 25 1.2 |1 125 100 150
B15D05a 10 1 10 0.39 | 0.60 ) 11 64 25 8.3 9.1 150 49
B15D05b 10 1 10 0.39| 0.60 4 8 96 25 ZaoN | T 150 50
B15D05¢ | 10 | 1 10 |039f060| 3 4 | 122 | 25 | 1.4 | 125 150 58
B15D10a 10 1 10 0.39 | 0.60 3 1M 64 25 % 9.1 150 105
B15D10b | 10 | 1 10 |039|060| 4 8 | 96 | 25 | 25 | 111 150 102
B15D10c | 10 | 1 10 |039[060| 3 4 1122 | 25 | 1.4 | 125 150 99
B15D15a | 10 | 1 10 |039|060| 5 | 11| 64| 25 | 3 | 91 150 152
B15D15b | 10 | 1 10 |039|060| 4 8 | 96 | 25 | 2.3 | 11.1 150 148
B15D15c | 10 | 1 10 |039|o060| 3 4 | 122 25 | 1.4 | 125 150 155
B20D05a 10 1 10 0.39 | 0.60 5 X 64 25 2.5 9.1 200 59
B20D05b 10 1 10 0.39 | 0.60 4 8 96 25 3.2 | 111 200 57
B20D05¢c 10 1 10 0.39 { 0.60 ) 4 122 PLS G e i 200 52
B20D10a 10 1 10 0.39 | 0.60 5 11 64 28) 3.3 9.4 200 96
B20D10b 10 1 10 0.39 | 0.60 4 8 96 25 2.7 | 111 200 104
B20D10c 10 1 10 0.39 | 0.60 3 4 122 25 16 | 125 200 104
B20D15a 10 1 10 0.39 [.0.60 5 11 64 25 3.2 9.1 200 163
B20D15b 10 1 10 0.39 | 0.60 4 8 96 25 3.2 | 111 200 157
B20D15¢c 10 1 10 0.39 | 0.60 3 4 122 25 1.6 12.5 200 155
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Dg (m) 209978IZEU (%)
Dp (m.)
B10DOSa | 36 | 9.1 |0.030 100 60 60.0 - - {fin Tombolo
B10DOSb | 32 [ 11.1 | 0.018 100 53 53.0 - - {fin Tombolo
B10DOSc | 1.1 | 12.5 | 0.004 100 59 59.0 14.5 75
B10D10a | 3.7 | 9.1 | 0.031 100 105 34.3 66.3 93 necif ULy
B10D10b | 3.0 [ 11.1 | 0.017 100 122 73.1 65.5 -10
B10D10c | 1.0 | 12.5 | 0.004 100 115 359 17.6 -51
B10D15a | 35 | 9.1 | 0.029 100 150 284 63.3 123
B10D15b | 2.0 [ 11.1 | 0.010 100 156 45.9 385 -16
B10D15¢c | 1.2 | 12.5 | 0.005 100 150 221 235 7
B15D05a | 3.3 | 9.1 | 0.028 150 49 32.1 - - {fin Tombolo
B15D0Sb | 25 [ 11.1 | 0.014 150 50 28.8 - - {fin Tombolo
B15D05c | 1.4 | 12.5 | 0.006 150 58 42.0 16.6 -60
B15D10a | 33 | 9.1 | 0.027 150 105 42.8 59.3 39
B15D10b | 25 [ 11.1 | 0.014 150 102 58.1 475 -18 nedif ULy
B15D10c | 1.4 | 12.5 | 0.006 150 99 25.8 30.9 20
B15D15a | 3.0 | 9.1 | 0.025 150 152 27.0 51.3 E)
B15D15b | 23 [ 11.1 | 0.013 150 148 34.7 45.0 30
B15D15c | 1.4 | 12.5 | 0.006 150 155 21.7 28.9 33
B20DO0Sa | 25 | 9.1 | 0.021 200 59 51.6 41.9 -19
B20DOSb | 3.2 [ 11.1 | 0.018 200 57 46.7 - - 1fin Tombolo
B20DO5c | 1.2 | 12.5 | 0.005 200 52 49.6 34.0 -31
B20D10a | 33 | 9.1 | 0.028 200 9% 45.7 93.9 106
B20D10b | 27 [ 11.1 | 0.014 200 104 49.1 67.0 36
B20D10c | 1.6 | 12,5 | 0.007 200 104 43.8 36.6 -16 nedif ULy
B20D15a | 32 | 9.1 |0.027 200 163 45.8 53.3 16
B20D15b | 3.2 [ 11.1 | 0.018 200 157 43.5 76.3 75
B20D15¢c | 1.6 | 12.5 | 0.007 200 155 326 34.4 5
wnawr  wefifudanuuanstsuesszaiiu = Dg - Dp X100
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