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Model Tests on Wave Overtopping Rate in Multi-sloped Beach

Tomotsuka TAKAYAMA™
Masami FURUKAWA**
Yoshihiro TATEISHI**

Synopsis

Sea walls or shore banks are constructed to prevent disasters in the rear
area due to the attacks of storm waves. From the view point of only the disaster
prevention, it is sufficient to construet the sea walls with sufficient hight.
However, the construction of the high sea walls not only damages the enviro-
ment in the coastal zone but also constitutes barrier for the residents to enter
the beach. Therefore, recently it is requested to develop new type structure or
countermeasure which is good for the prevention of disaster and also harmonize
with the coastal enviroment.

The present paper experimentally investigates the characteristics of wave
overtopping rates and wave transformation in the multi-sloped beach, which
represents submerged breakwater or artificial beach located in front of sea walls.
The followings are main conclusions drawn from the experiments:

I} The distributions of the wave height and wave set-up on the reef shaped
beach can be estimated by the empirical formula presented by one of the authors.
However, the wave set-up is underestimated by the formula under the condition
of very shallow water depth on the leef.

2) In the beach which change from steep to genile, strong wave breaking
takes place on the gentle slope near the point of slope inflection. The wave
breaking induces large set-up there. However, the wave height gradually app-
roaches to the height on uniform gentle slope.

3) In the coast which chages from gentle to steep onshoreward, breaking waves
on the gentle slope cease breaking on the steep slope and when the waves
propagate shallower area on the steep slope the waves begin to break and the
wave height decreases according to the estimation curve of wave heights in the
surf zone by Goda.

4) The empirical formula for the estimation of the refative crest height ratio
is presented.

5) In the case of the bottom slope change from steep to gentle, the above ratio
decreases gradually, but in the case of the bottom slope change from gentle to
steep the ratio increases rappidly and after the ratio reaches maximum value,
it decreases steeply.

*Chief of Wave Laboratory, Marine Hydrodynumics Division
**Member of Wave Laboratory, Marine Hydredynamics Division
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ko U HEITZEAR 2O IREE 10.0 0.6 | 139
hy 1 BN R OBEIKE 12.5 10.85 | 0.40
Bbmax ° f&%&ﬁ‘?@ﬁ’#?ﬁﬂkf#‘:

he @ HBEEMES 251 .5 11.09 | 5.57

Ho © fhikiis 2.5 11,49 | 0.85

Hy' @ RSk ¢ 15.0 11.58 | 0.47

Hy @ TSI E Y B IAER #

Hiys o BEES 5 7.5 11.84 | 873

Huax | IRERHEE 10,0 1179 | 4.22

L HEARS 12.5 11,65 | 2.25

R L oYtk 15.0 12.14 | 1,32

i2 ! RAOMHEE

Ky *IRAR I 245 0 U 7o ok R 0§ 40 | 10.60 | 545

L E B 6.0 10.85 | 1.53

Lo HEEBEICT 5 ik .o | 1086 ) 0.52

m 16.0 | 10.64 | 0.072
o R 12.5 10.25 | 0.0086
s TR 25| 40 | 10.00 | 521

T S S R 17101 0 {300

7.5 11.37 | 0.69
i0.0 10.85 | 0.14
12.5 10.97 | 0.05

@ D MEMTEZSM s & RN )~ ok EERRE
X IN-7RS
o

DB ER

BB 5 4.0 | 1143 | 5.81
Bo @ EHEERESTD S & OEK 7.5 11,33 | 1.16
A1 REEIILE B 100 | 1108 | 0.36
Buax | MHEBEEHEST S & 2 ORY 125 | 1015 | 014
7 EPKGO LR

Toms  #— 7~ b D rms 0 | 40 | 1043 | 457
Voo © x = 0 TORELRED FHH 75 | 0.7 | oos
Prmss + WD rms 16.0 10.35 | 0.0064

tan § . KESF
2.5 4.0 10.41 2,92

7.5 10.74 | 0.13
0.0 10.79 | 0.018

500

5 4.¢ i1.30 | 3.61
7.5 11.34 | ¢.24
10.0 11.55 | 0.087

0 3.0 10,17 | 9.86
900 4.0 10.86 | 2.97
1.5 10.71 0.013
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i | g (:n) (chm) (JZS) (ijmo) /qm:-ic} AR I e (3:1) (fmc) (fr:) /3m(-§::ﬂc)
2.5 4.0 1112 1.94 2.5 12.5 15,74 0.083
6.5 11.19 0.40 600
7.5 | 1138 | 0.14 5 3.0 | 17.07 |35.87
500 16.0 11.78 0.016 10,0 16.39 0.94
12.5 17.34 0.57
5 40 | 1008 | 228
7.0 ] 1L16 | 012 0 6.0 | 1452 | 4.05
10.0 ] 1156 | 0.036 7.5 11508 | 1.28
10.0 | 1530 ]o0.12
0 7.5 | 14.68 [19.34 125 | 1593 | 0.025
10.0 14.84 B.84
12.5 14,64 4.64 900 2.5 6.0 16.11 3.39
20.¢ 14,71 1.11 7.5 16.15 1.10
10.0 16.79 0.21
2.5 7.5 15.34 |25.69 12.5 16.05 0.034
0 10.0 | 1538 [13.32
125 | 1634 | 8.77 5 6.0 | 1652 | 4.18
20,0 | 16.30 i 1.64 7.5 | 1610 | 110
125 | 16.24 | 0.093
vl o 5 7.5 | 16.14 130,42
10.0 | 17.52 2199 /101 0 0 6.0 9.57 | 1.28
12.5 | 16.77 [11.83 7.5 2.6 | 0.61
20.0 17.17 3.54 12.5 9.57 012
[t} 7.5 15.26 2.58 0 2.5 6.0 9.97 2.88
1.0 | 15.49 | 0.69 12,5 9.82 | 0.13
12,5 14.97 0.13
5 7.5 | 10.40 | 4.93
ago | 251 7B | 1640 3.60 125 | 1053 | 0.98
0.0 | 1668 | 0.81
125 | 1573 | 0.34 0 4.0 534 | 026
125 | 16,14 § 0.40 5.0 9.70 | 0.06
5 75 | 16.86 | 4.76 300 | 2.5 40 0.62 | 0.47
10.0 16,91 1.76 5.0 9.84 0.08
12.5 17.04 1.02
5 3.0 940 2.11
¢ 6.0 15.08 5.91 7.5 10.17 0.17
7.5 | 1520 | 1.57
0.0 | 1543 | 030 0 3.0 9.56 | 0.56
125 | 15.54 | 0.074 4.0 9.47 | 0.10
600
800
25 | 60 | 1582 |54 250 3.0 £.75 |0.93
10.0 15.66 0.27 4.0 9,73 0,23
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i R = 13 he Hy g (ef . . z h ke Hy g {ed
i o0 tem) | (em) | (em) | {cm /em-sec) H b {ea) } (em) | Cem) (em) | /emesec)
5 3.0 8.65 1.3 2.5 6.0 13.80 0.50
600 4.0 9.78 | 0.57 12.5 15.73 0.014
6.0 10.59 | 0.16
6G0 5 3.0 14,20 6.18
¢ 3.0 9.07 0.42 6.0 14.24 1.09
4,0 9.07 (.04 10.0 16.00 0.19
5.0 10,10 0.01 12,5 17.18 0.062
2.5 3.0 9.53 0.18 0 3.0 13.09 8.26
900 3.0 9,88 0.18 6.0 13.13 0.4
4.0 0.84 0.03 10.0 15.50 0.009
1710 0
5 3.0 9,88 | 0.66 2.5 3.0 13.56 | 3.94
4.0 9.89 0.25 900 8.0 14.28 | .27
5.0 10.17 0.08 7.5 16.39 0.21
10.0 16.69 0,031
0 1.5 15,43 5.01
10.0 t5.87 1.41 5 3.0 13.99 3.94
125 15,57 0.49 6.0 13.89 0.47
7.5 15,81 0.26
1/ 10 0 0 2.5 7.8 16,01 B.19 10.0 16,24 0.069
10.4G 16.21 2.68
12.5 16.83 1.2¢
5 12.5 18,99 3.03
0 6.0 13.60 0.75
6.0 13.85 0.71
10.0 16.78 0.049
2.5 30 13.68 7.89
6.0 13.47 1.01
300 10.0 13.95 1
12,5 15.563 0.046
12.5 14,24 0.02
5 3.0 14,01 8.21
6.0 14,18 177
1¢.0 16,48 0.48
0 6.0 13.50 0.37
8.0 13.95 0.43
600
2.5 3.0 13.55 6.08
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1/10 A 5 1/30 AL DB E Y MEHE

i Ly || e L A Gola i e | sy | /i.:-sc,éﬂw
- 5| 10 | 1076 | 2.54 - 5| &0 | 1a82 | L3076
20 11062 | 153 8.0 | 1513 | 0.4080
36 | 1074 | 0.5288 1.0 | 1631 | 0.60
4.0 | 1095 | 0.30
4.0 10,49 0. 269 Q 6.0 15.48 |14.78
6.0 | 10,32 | 0.0545 8.0 | 16.07 | 7.442
100 | 1533 | 327
0| 40 | 1073 | 269 105 | 16.45 | 3,2481
6.0 | 10,36 | 1.07 300 150 | 15.54 | 0.69
6.0 | 9.94 | 0.6454 150 | 16.16 | 05839
8.0 | 1019 | 0.31
300 8.0 | 9.89 | 0.2779 5] 100 | 15.61 | 4.54
105 | 9.92 | 00287 10,0 | 1416 | 3.1755
125 | 16.02 | 247
5| 50 | 1025 | 2.23 150 | 1572 | 1.09
8O | 976 | 1.2720 15.0 | 14.03 | 0.6489
0.0 | 1008 | 0.36 20.0 | 13.96 | 0.1715
10,0 | 9.82 | 04482
125 | 1017 | 017 0] 100 | 1582 [14.55
150 | 9.66 | 0.0575 125 | 158 | 7.86
1/30{ 1710 1786|1710 15.0 | 15.62 | 4.2
10| 75 | 1039 | 215
10 | 1069 | 2.15 ~15] o 16.26 | 0.257
126 | 10.64 | 2.08 10 | 1595 | 0.201
5.0 | 10.79 | 2.06 2.0 | 16.28 | 0.089
-0 o 10.51 | 0.0014 —10] o0 15,49 | 1.89
Lo | 1553 | 0.84
- 5| 00 | 1027 | 075 2.0 | 15.20 | 0.845
Lo | 1027 | 035 2.0 | 1614 | 0.8245
500 20 | 1030 | 0.12 3.0 | 1562 | 0.26
40 | 1016 | 0.01 40 | 1585 | 0.2006
6.0 | 1582 | 0.0369
0 40 | 1023 | 151 600
40 | 945 | L2191 - 5| 0 i5.2¢ 12.09
6.0 | 10.30 | 0.35 20 | 1530 | 5.06
50 | 964 | 0.215] 3.0 | 13,91 | 17569
80 | 10.15 | 0.08 40 | 15.07 | 2.00
80 | 932 | 0.0d01 40 | 13.98 | 10734
6.0 | 1535 | 0.69
— 51 20 | 16.02 |16.42 6.0 | 1414 | 0.285
40 | 1631 | 6.42
300
40 | 14.99 | 3.9021 ol 60 | 1532 | 674
6.0 | 1582 | 2.8 6.0 | 1432 | 58571
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3 i x I3 he Hy g (cd i i z R he Hy ¢ (ed
(em) | (em) | (em) (em)  |/om-sec) (en) | (cm) | {cm) {em) | /cm-sec)
0 8.0 15.35 2.72 0105 14.96 G.1121
B.0 14.23 2.2569
600
10.0 15.20 i.21 5 5.0 15.39 5.94
10.0 14,11 0.8964 8.0 15.29 2.7877
300 10.0 15.08 1.03
o] 4.0 10.02 0.56 10,0 14.73 1.2235
4.0 10.22 0.3227 12.5 15.66 0.46
6.0 10.67 0.10 15.0 14.95 0.1563
8.0 10.31 0.05186
8.0 10.19 0.03 10 7.5 15,89 |12.30
8.0 10.16 0.015 0.0 16,35 717
12.5 16.41 3.68
5 4.0 .92 4.3% 15,0 16.77 185
300 5.0 .90 | 3.03 1730 1 1/10
8.0 10,25 1.0082 - 5 0 15.14 1.47
10.0 §.99 0.24 1.0 14.72 0.78
1.0 10.25 0.3272 2.0 15.02 0.26
15.0 10,41 0.0527 600 4.0 id. 74 0,04
]
10 5.0 10.69 |11.53 4.0 14,92 3.51
1/30 (1710 7.5 10,70 6.14 4.0 15.33 51352
16.0 10.63 | 3.03 6.0 14.73 1,10
12,5 10.90 1.34 8.0 15.59 1.5059
15.0 10.78 1.22 8.0 14.79 .29
8.0 1517 | (.4527
0 3.0 9.91 0.79
3.0 10.35 0.8784
600 4.0 9.85 0.32
4.0 9.13 0, 4437
6.0 9.89 0.04
6.0 10.26 0.0698
- 5 1.0 15.03 1.68
2.0 15,34 0.78
3.0 15,10 0.3277
4.0 15,31 0.18
300 4.¢ 15.31 0.12565
8.0 15.08 0.0222
[t} 4.0 15.54 4.85
6.0 14.91 1.2863
6.0 15.26 1.67
8.0 15.23 0.51
8.0 14.84 0.5154
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h i2 (:m) (en) | Cem) (cn) /Zm(-cslic) i i (:m) (n}:n) ({:Ln:) (I:[:) /f;m(-(;ﬂc)
- 5 6.0 10.35 0.1193 - 10t 80 16.49 | 0.5826
8.0 11.07 0.1863 12.0 15,90 | 0.1345
10.0 10,78 0.0875 14,0 16.08 | 0.6709
300 20.0 15.55 | 0.005
0| 100 11.12 2.080
150 12,0 11.19 1.0981 — 15 | 14.0 15.61 | 0.3765
15.0 10.97 0.3854 17.5 15.70 | 0.1255
22.5 15.55 | 0.034
5 | 12.5 10.84 2. (865
15.0 10.80 { 0.8381 -~ B 6.0 10.48 | 0.0130
20.0 10,57 | 0.3227
0 6.0 10.18 | 1.5104
—~ 15 0 10.89 0.2196 500 8.0 10,14 | 0.4841
1,0 10,54 0.1138 10.0 10.03 | 0.1385
2.0 10.63 0.02521
5 7.0 10.34 | 2.0505
=10 4.0 10,70 0.2062 10.0 10.39 | 0.8529
300 8.0 10.66 0.0471 158.0 10.55 | 0.1883
10.0 10.77 0.028
1/30 [1/10 12.0 10.63 0.00149 1/30 1:/10 - 10 1.0 10.22 | 6.0289
30 10.19 4 0.0023
- 15 8.0 10.38 | 0.3083 300
12.0 10.30 0.0583 - 15 3.0 10,15 [ D.0884
14.0 10.47 0.0¢81 4.0 10.14 | 0.0448
6.0 10.08 | 0.02
- 5[ 10.0 15,98 0.9782
15,0 16,26 0.1785 - 5 6.0 14.90 | 0.265
17.5 16.35 0.0931 2.0 15.44 | 0.0787
150 10.0 15,64 | 0.028
¢ {175 15.97 1.3721 i
22.5 16.15 0.3675 180 9] 10.0 15.86 | 2.0303
25.0 15,98 | 0.1277 12.0 15.95 | 1.0219
15.0 15,77 1 0.3496
& | 15.0 16.65 3.3275
20.0 16.10 1.1025 51 10,0 15,22 1 4.001
12.0 16,15 | L7875
— 20 0 18.84 | 0.4202 15.0 35,31 10,9143
1.0 16.53 0.2857
2.0 16.73 0.0847 - 15 0 15.23 | 0.2054
300 1.0 14.87 | 0.0718
- 15 1.0 15.79  3.0939
2.0 15.78 2.0868 300 {— 10 4.0 14.91 | 0.0885
4.0 16.51 0.3137 6.0 15.01 | 0.0294
8.0 15,00 | 0.0088
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% i he Hy g (ed
(em) | {em) | (cm) {em) |/emrsec)

- 15 6.0 14.97 | 0.5154

/30 1/10] 3co 8.0 14.98 | 0.1883
10.0 14.95 | 0.0768
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