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2. Experimental Study of Random Wave Forces on Upright
Sections of Breakwaters

Katsutoshi TANIMOTO*
Shigeo TAKAHASHI**
Kazuyuki MYOSE***

Synopsis

Random wave forces on the upright sections of breakwaters have been investigated by hydraulic
model tests in a wave flume with the aid of pressure transducers.

The tests are classified into three major series. In the first test series, random wave forces on
the upright section of a low mound composite breakwater were measured repeatedly under the
actions of twenty different trains of random waves, and the statistical properties of the peak
intensities of random wave forces were analyzed. These twenty wave trains were generated by the
respective controle signals of different sequences under the same target wave spectrum. The test
results demonstrate that, in case of non-breaking waves, the distribution of the peak intensities
can be predicted fairly well by the application of Goda’s formula to the joint distribution of wave
heights and wave periods, and the representative wave forces(maximum wave force, 1/10 maximum
wave force and significant wave force) defined as the same way for the wave heights can also be
predicted fairly well by the application of Goda’s formula to the corresponding representative wave
height and period. In case of breaking waves, however, the wvariability of the maximum wave
force is particularly high and frequently the measured maximum forces far exceed the value predi-
cted by Goda’s formula.

In the second test series, the variation of the random wave forces was investigated for the
four different thicknesses of the rubble mound foundation. The test results indicate that the wave
forces are greatly increased when the crest level of the rubble mound foundation becomes high.
This fact suggests that the shock pressures of high intensity are more liable to be caused by the
action of random waves than the action of regular waves, even if the rubble mound foundation is
relatively low. The enhancement of high pressures may be induced by the situation such that the
individual wave shape in the random waves is so changerable that more typical plunging breaking
waves are caused in the action of random waves.

In the third test series, the characteristics of random wave forces on the upright section
covered with wave dissipating concrete blocks were investigated. According to the test results,
the distribution of the peak intensities of representative wave forces can be predicted fairly well by
the application of modified Goda’s formula, in which the pressure factor o sets equal to zero, for
both conditions of non-breaking and breaking waves.

* Chief of Breakwaters Laboratory, Hydraulic Engineering Division
**  Senior Research Engineer, Hydraulic Engineering Division
**¥* Member of Wave Power Laboratory, Hydraulic Engineering Division
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0.67|
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0.48

9.7
14.5)
16.5
18.7

0.75
0.63
0.58,
0.55

1.09
1.04
1.02
1.02

1.12
1.07
1.04
1.03

10.0,
14.9
16.9
18.8

0.16
0.26
0.38,
0.50

7.9
13.8
19.9
23.8 .

9.6
15.6
19.7
20.8

8.1
13.9)
18.7]
20.6

2.02
2.03
2.13
2.22

0.87
0.78
0.71
0.68|

1.16
1.11
1.07
1.06

0.82
0.69
0.61
0.59

0.69
0.55
0.48
0.46

9.1
14.7
19.2
20.8

1.10
1.04
1.02
1.01

0.77,
0.63,
0.55
0.53]

1.13
1.06
1.03
1.03

9.3
14.9
19.3
20.8

0.21
C 0.33
0.45)
0.69

8.1
13.3
18.1
24.8

0.87
0.77
0.71
0.67

1.16|
1.11
1.07,
1.05

9.9
15.7|
19.7,
21.6

8.4
14.4
18.7|
21.4

2.31
2.34
2.46
2.62

0.81
0.69
0.61
0.58

0.68
0.55)
0.48
0.45

9.4
14.6
19.0
21.4

0.76)
0.63
0.55
0.52

1.10
1.04
1.02
1.01

1.13]
1.06
1.03
1.02

9.7
14.9
19.2
21.5

(FHEHEEL . AJ1.69s, B#2.10s, C#E2.43s)

DEDFIRTCRDESEDEREDOFHIEHTELERS
CEEDTRT, ) —-RANexT 5 fExRLT W3S
2, ANBEBEIZPRB L 4B EEL, #BESK
HHEELTIRLE LTS, L, EF, BED
d=24cm DEHTOHETILIER B 1 ~B20 0FEEY
RLeHDT, v ) —X1 OERFEDOGHHEYT %,
B1~B3D3BWMOEHOFHES ch iz A LEMN
DT, YY) —XOEHLTHRLEYEVLOT
BB. Tle, YV —-XMOWBE S = » 7 FHEIRIOWT

12, RERM0.550FthsrnT, BREVFELZE
A&, BREOHTEEDEEMAV2,

fods, BAZROBRECR LEEHT L CHRERMY
PRELTS I BERRTRATOZANEEREC LD
TLDOFHIE, T b AlL.69s, Bif2.10s, C#2.40s
BHAVD, 2.2 TR AHEMEOMKERLE OFHE
HR AT A D TH B,
BREOETNEE B L, THRUEREOFKENLDL
Do REMEERD D LHTE B, T-6,NREWE

#£-6 EREOREZRPEAEES (¥ ) — XD

¥ & e K % B (s £ = #H & (em)
@& B V> T max Tun Tin T Huax Hise Hiss H
0.15 1.74 1.60 1.58 1.39 15.1 11.2 8.8 5.5
A biiid 0.24 1.82 1.67 1.65 1.45 22.7 17.4 13.8 8.7
(200) 0.31 1.91 1.76 1.74 1.53 25.2 20.5 16.5 10.4
0.41 1.95 1.79 1.77 1.55 30.0 25.6 18.4 13.7
0.16 2.26 2.10 2.02 1.65 14.0 10.3 8.1 5.1
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0.50 2.49 2.31 2.22 1.82 28.8 24.7 20.6 13.3
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C * 0.33 2.83 2.53 2.34 1.82 24.7 18.3 14.4 9.0
(250) 0.45 2.98 2.66 2.46 1.91 28.7 ‘ 23.2 18.7 11.8
0.69 3.17 2.83 2.62 2.03 30.6 25.9 21.4 13.8
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(200)| 0.31 26.8 21.7 17.5/11.14 25.9] 20.9; 16.9]10.7| 25.2f 20.5 16.5/10.4] 25.1 20.4} 16.5 10.4
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d/h=0.850 d/h=0.600
h
Lin Hiss hin Pmax P Pmean Hys P Pmox | Pino Pmean
h woH1/3 20 P P h woH\/3 Pus b3 J3v
0.143 0.258 0.655 1.56 1.21 0.609 0.250 0.624 1.60 1.24 0.610
0.136 0.385 0.765 1.86 1.21 0.677 0.373 0.738 2.21 1.23 0.654
0.127 0.438 0.767 1.92 1.24 0.665 0.423 0.873 2.22 1.35 0.638
0.125 0.480 0.805 1.78 1.24 0.640 0.470 0.963 2.78 1.43 0.599
0.107 0.240 0.753 1.76 1.26 0.550 0.233 0.812 1.68 1.28 0.541
0.106 0.3%0 0.723 1.66 1.28 0.590 0.373 0.767 2.13 1.32 0.544
0.101 0.493 0.790 1.93 1.26 0.608 0.483 0.946 2.55 1.34 0.586
0.0963 0.520 0.877 1.73 1.26 0.635 0.520 1.06 2.59 1.33 0.605
0.0921 0.248 0.880 1.66 1.26 0.531 0.243 0.856 1.70 1.26 0.528
0.0908 0.393 0.809 1.95 1.24 0.571 0.373 0.885 2.16 1.30 0.561
0.0859 0.493 0.880 2.20 1.29 0.596 0.480 0.957 2.56 1.36 0.579
0.0803 0.540 1.00 2.47 1.27 0.609 0.538 1.20 2.35 1.39 0.578
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Liss His P13 P max P Pmean His puss Pmax P1no Prmean
h woH173 Pz P P h woH1/3 P P Ps

0.143 0.243 0.742 2.04 1.19 0.634 0.235 1.02 3.51 1.40 0.672
0.136 0.363 0.843 [ 3.01 1.38 0.619 0.355 1.99 4.13 1.94 0.499
0.127 0.413 1.08 4.04 1.45 0.601 0.413 2.50 3.4 1.73 0.474
0.125 0.468 1.30 3.31 1.58 0.555 0.465 2.91 2.64 1.79 0.509
0.107 0.228 0.852 1.66 1.25 0.582 0.220 1.02 1.87 1.28 0.623
0.106 0.368 0.892 3.01 1.38 0.584 0.363 1.60 4.00 1.95 0.525
0.101 0.480 1.09 4.18 1.59 0.587 0.478 2.58 3.42 1.74 0.477
0.0963 0.520 1.31 2.61 1.48 0.569 0.520 2.92 2.52 1.66 0.486
0.0921 0.235 1.03 1.77 1.26 0.586 0.228 1.20 1.96 1.26 0.640
0.0908 0.365 0.995 3.11 1.38 0.553 0.360 1.47 4.71 1.67 0.537
0.0859 0.475 1.17 3.14 1.41 0.559 0.473 2.24 3.47 1.64 0.475
0.0803 0.535 1.48 3.68 1.46 0.567 0.535 2.78 3.01 1.64 0.506
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