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On the Proper oscillations and the Beat of the Invasion Waves
in Horizontal Shallow Waters.

Masashi KAWAI, Koichi NAGAMATSU and Yusuke GOTOH

Abstract

It is considered that proper oscillations with several minute periods are driven in shallow water by swells which
invade the shallow water, and the proper oscillations cause the swells to beat with the same periods as the proper
oscillation periods. Furthermore, it is considered that these phenomena cause ship’s dragging anchor and waves to
invade over breakwater. The proper oscillations in shallow water and the beat phenomena of swells due to the
proper oscillations were investigated by wave generating experiments, in order to prevent the wave disasters.

The results of the investigation are:

(1) Period of proper oscillation in horizontal shallow water depends on length and depth of the shallow water
and period of wave invading the horizontal shallow water, but it is independent of horizontal shallow water width.

(2) Proper oscillation in horizontal shallow water is driven by swell with wave height more than half of
horizontal shallow water depth.

(3) We showed that wave height increase about by four times at coast side end of horizontal shallow water,

when waves with a specific period invade a specific horizontal shallow water.
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Fig.] Water tank for wave generating experiments
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(b)Wave data recording devices

Fig.2 Wave generating experiment data recording system
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Table 1 Specification of water tank and wave

generating device

Water tank size

(Length, Width, Height) 56.5m, 6.1m. 1.

Om

Wave Type Piston (Connection type)

generating Length 6m (0. 5m/Device x 12)

device Drive motor | AC servo motor (800Wx 12)
Generating wave 0.4~4.0s. 0.35m

(Period, Max.height)
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DOAFERIT, ROWEY ThH D,

FEBR 108 5. 6m, BT 2. Om, K 0. 11m £721F 0. 21m
(WA T T s)

FEBR 2 0E 5. 6m, BT 4. Om, K 0. 11m £721F 0. 21m
(MR T 5)

FER 3 0E 4. Om, BT 2. Om, /K€ 0. 11m £7213 0. 21m
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Fig.3 Floor plan of plane water tank in wave generating

experiment 1
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Fig.4 Floor plan of plane water tank in wave generating

experiment 2
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experiment 3
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» 56m ©O:Wave meter Table 2 Cases of wave generating experiments

=y j.%nl " Vave Breaking Construction (Values in brackets show waves in actual sea scale)

E‘ Partition Horizontal floor Case ?Heeniegrhatt,elgerwiao‘ii% (Le'ﬁ'giﬁi? HTS{hT gg;r)th)
g' Ex.1-1 | 5cm, 1.48s[ 5m, 14.8s] 2.0mx5 6mx0.11m
2 °h298 ch28 Horizontal floor Ex 1-2 | 7om 1.48s[ 7m 14.8s] | 2.0mx5 6mx0. 11m
E oh2718 o1\ 26 Ex 13| 9om 1 48s[ 9m 14.8s] | 2 Onx5 6mx0 2Im
& 4m ch.25 83&2“‘ Ex 1-4 | T1om, 1.48s[11m, 14.8s] | 2. 0mx5.6mx 0. 21m
2 v h23Q water depth: Ex.1-5 | 9cm, 1.30s[ 9m, 13.0s] | 2. 0mx5.6mx0.21m
— Y N S Ex. 1-6 | 11cm, 1.30s[11m, 13.0s] | 2. 0mx5.6mx0. 21m
ch.20 O B Ex.2-1| 5cm 1.48s[ 5m 14.8s5] | 4.0mx5.6mx0. 11m

oundary between
ch.19 ollm the horizorttal plane Ex.2-2 | 7om. 1.48s[ 7m 14.8s]1 | 4.0mx5.6mx0.11m
£ C“-‘S? and the slope Ex.2-3 | Ocm 1.48s[ Om, 14.8s] | 4.0mx5.6mx0.21m
g ) A Ex.2-4 | 11cm, 1. 48s[11m, 14. 8s] 4. 0mx5.6mx0.21m
e ; Ex.2-5 | 9cm. 1.30s[ 9m 13.0s] | 4.0mx5.6mx0.21m
c-;,-‘ ) Ex.2-6 | 11cm. 1.30s[11m, 13.0s] |  4.0mx5.6mx 0. 21m
Q : Ex.3-1| 5cm 1.48s[ 5m 14.8s5] | 2.0mx4.0mx0.11m
»n Ex.3-2 | 7om 1.48s[ 7m 14.85] | 2.0mx4.0mx0. 11m
zﬂ:g;hm Ex.3-3 | 9om 1.48s[ 9m, 14.851 | 2. Omx4.0mx0.21m
Regular wave(Wave period:1.48sec.) L Ex. 3-4 | 11cm, 1. 48s[11m, 14. 8s] 2.0mx4.0mx0.21m
7 3 DR ittt debdebtiety Ex.3-5| 9cm, 1.30s[ 9m, 13.0s] 2.0mx4.0mx0.21m
N ch20y ) 5g  Water depth: Ex.3-6 | 11om 1.30s[11m, 13.0s] |  2.0mx4.0mx0. 21m
N ch.1 O 0.65m or 0.55m
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Table 3 Wave generating experiment cases in which

proper oscillations were driven

(Brackets show waves in actual sea scale and parenthesis
show oscillations occured at the front of partitions only)
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Black:Power spectrum(ch.29 in Ex. 2-2)

= Blue:Power spectrum(ch.29 in Ex. 2-4)
n_ 2 Purple:Power spectrum(ch.29 in Ex. 2-6)
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Fig.7 Power spectra of water levels in experiment 2
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Fig.8 Power spectra of water levels in experiment 3
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Fig.6 Power spectra of water levels in experiment 1
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Case Gengrated Wave Horizontal Floor Period _of
(Height,Peri.) | (L xMW. xDepth) | prop. oscilla. Fig.9 Spectra of water levels normalized by generated
Ex.1-2] Tom, 1. 48[ Tn. 1485 |2. Onx5. 6nx 0T 1n 10, 5.8, 85 106 86s] Wave heights and period 1.48s
Ex.1-4|11cm, 1. 48s[11m, 14.8s] |2. Omx 5. 6m % 0. 21m{ 18. 25, 9. 05 [182s, 90s] B
Ex. 1-6/11cm, 1.30s[11m, 13.05] |2.Omx5. 6mx 0. 2Im| (7. 4s) [(74s)] Horizontal floor
Ex.2-2| Tom,1.48s[ Tm, 14.8s] 4. Omx5.6mx 0. 11m 22.85[228s] < ‘
Ex.2-4|11on, 1.485[11n, 14, 85) |4, 0nx5. 600, 21n|19.5,9. 851985, 08s] | |- do>sJean water level e
Ex.2-6/11cm. 1. 30s[11m, 13.0s] [4. Onx 5. 6nx 0. 2| 45. 5s[455s] Illcm Propbr oscillatidn with 10.6s perio
Ex.3-2| Tom, 1.48s[ Tm, 14.8s] 2. Omx4. Omx 0. 11m 10. 6s[106s] m “Slope
Ex. 3-4|11om, 1. 485 [11m, 14.8s1 2. Omx 4. 0mx 0. 2im[ 18, 25[182s] o o ) Tn >
Ex. 3-611om, 1. 30s[11m, 13. 05 2. Onx 4. Onx0. 20n| (1,25 [(725)] = ™ o
Fig.10 Node and antinode positions of the proper
oo Black:Power spectrum(ch.25 in Ex.1-2) Hlation in Ex.1-2
ng Blue:Power spectrum(ch.25 in Ex.1-4) oscillation m BX. 1-
T Purple:Power spectrum(ch.25 in Ex. 1-6) ‘
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S 18. 25— ;
55 I Mean water level
0o 7.4s : — ‘
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= : - < - -
= 9. OS
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e 0.029 0.059 0.091 0.118 0.147 0.175

Fig.11 Node and antinode positions of the proper

oscillation in Ex.2-2
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880s after experiment start

0.2

Water Level [m]
0.0 0.1

-0.1




H AL SO 4

~ Blue:Water level at ch.29
‘D Black:Water level at ch.2
||| Hp|||r||||||I||||II||||
’L | l'\'\hhhh’\’»’v\M\’k\\l_ DA
!;'0 16 24 32 40 48 56
Time [s]

Fig.17 Water levels of ch.29 and ch.2 in Ex.2-6 since

880s after experiment start

Table 4 Ratio of max wave height(B) of ch.25 or ch.29
to generated wave height(A)

Ratio
B/W

Max Wave
Height (B), Period

Generated Wave Horizontal Floor

Case | yeiont(A) Period | Length. Depth

Ex. 1-1| Sem, 1. 48s[ 5m, 14.8s] | 2m, 11on(200m, T1m]| 9cm,1.8s[ 9m, 15s] | 1.8

Ex.1-2| Tem, 1.48s[ Tm, 14.8s]{2m, T1om{200m, 11m] | 23cm, 1. 1s[23m, 11s] | 3.3

Ex.1-3| om. 1.48s[ 9m. 14.8s]| 2m, 21cm(200m, 21m 1.7

Ex.1-4 |1, 1485 11m, 14.85] | 2m, 21cm([200m, 21m] | 22¢m, 1. 4s[22m, 14s] | 2.0

[ ]
[ ]
15¢m, 1. 95 [15m. 15s]
[ ]
[ ]

Ex.1-5| om, 1.30s[ 9m. 13.0s]| 2m, 21cm(200m, 21m] | 27cm, 1. 35 [2Tm, 13s] | 3.1

Ex. 1-6|11cm, 1. 30s[11m,13. 0s]| 2m, 21om(200m, 2{m] | 45cm, 0. 9s [45m, 9s] | 4.1

Ex.2-1/ 5cm, 1.48s( 5m, 14.8s] |4m, 11cm[400m, 11m]| 9cm, 1.5s[9m, 158] | 1.8

Ex.2-2| Tem, 1.48s[ T, 14.85] |4m, 11cm([400m, 11m]| 14cm, 1. 4s[14m, 14s]| 2.0

Ex.2-3 13cm, 1. 55 [13m, 15s] | 1.5

Ex.2-4 1.6

Ex.2-5| 9om, 1.30s[ 9m, 13.0s] | 4m, 21cm([400m, 21m] | 13cm, 1. 3s[13m, 13s] | 1.4

Ex. 2-6|11cm, 1. 30s[11m, 13. 0s] | 4m, 21cm[400m, 21m 1.6

1

1
18cm, 1. 55 [18m, 15s

1

1

1

Ex.3-1/ 5em, 1.48s[ 5m, 14.85] | 2m, 11cm[200m, 11m]| 10cm, 1. 5s[10m, 15s]| 1.9

Ex.3-2| Tem, 1.48s[ Tm, 14.8s]|2m, T1cm{200m, 11m] | 29¢m, 1. 0s[29m, 10s] | 4.1

Ex.3-3| 9om, 1.48s[ I, 14.8s] | 2m. 21cm[200m, 21m] | 14cm, 1. 5s[14m, 15s]| 1.6

Ex.3-4 |11, 1485 (11m, 14.85] | 2m, 21cm([200m, 21m] | 20cm, 1. 5s[20m, 155] | 1.8

[
( )
[ ]
[ ]
[ ]
18cm, 1. 4s[18m, 14s]
( )
[ ]
(1 ]
[ ]
[ ]

Ex.3-5| 9om, 1.30s[ 9m. 13.0s]|2m. 21cm[200m, 21m]| 27cm, 1. 3s[27m, 13s]| 3.0

3.6

[ ] ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
9cm, 1. 48s[ 9m, 14.8s] |dm, 21cm[400m, 21m]
11om, 1. 48s[11m, 14. 8s] |4m, 21cn[400m, 21m]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]
[ ] [ ]

Ex. 3-6{11cm, 1. 30s[11m,13.0s] | 2m, 21cn(200m, 21n] | 39m, 0. 9s [39m, 9s]

& (Ex. 2-6) 128 1F 5 | ALUMRIE AT DKL % Fig. 15
NﬁgNgﬁﬁ‘é%u‘£T®%% bSTyRAY i)
FRIELR(T (ch. 25 3Lid ch. 29) TO R KHE E (B) D&
(M IZkF 2 (B/A) % Table 4 12777,

TIHDOFRERDG | KR RIFEEBIR) O 2
T (Am[400m]) A%, FEAT (BIERERD 2B
% B K e (B) O &R iy (A) (23 5 B (B/A) 13/)s
SN (1.4~2.0) 23, &\ (2m[200m]) S 1%, EL (B/A)
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