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Joint Distribution of Wave Crest and its Associated Period
in Nonlinear Random Waves
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Abstract : The joint distribution of wave height and period has been maltreated despite of its great engineering
value due to the absence of any analytical model for wave period, and as a result, no consensus has been reached
about the effect of nonlinearity on these joint distribution. On the other hand, there was a great deal of efforts to
study the effects of non-linearity on the wave height distribution over the last decades, and big strides has been
made. However, these achievements has not been extended to the joint distribution of wave height and period. In
this rationale, we first express the joint distribution of wave height and period as the product of the marginal dis-
tribution of wave heights with the conditional distribution of associated periods, and proceed to derive the joint
distribution of wave heights and periods utilizing the models of Longuet-Higgins (1975, 1983), and Cavanie et al.
(1976) for conditional distribution of wave periods, and height distribution derived in this study. The verification
was carried out using numerically simulated data based on the Wallops spectrum, and the nonlinear wave data
obtained via the numerical simulation of random waves approaching toward the uniform beach of 1:15 slope. It
turns out that the joint distribution based on the height distribution for finite banded nonlinear waves, and Cavanie
et al.’s model (1976) is most promising.

Keywords : joint distribution of wave crest and its associated period, finite banded, narrow banded, wallops
spectrum, conditional wave period distribution, nonlinear random waves
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Fig. 1. Schematic sketch of water wave problem.
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Fig. 3. Geometrical definition of a wave period.
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HEHH T =242 AU 702 A% Bi-spectrum= 3
| HESIG o AE A= 53480 FF3kith
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i

il

% 1o o

N

5.1 Wallops 2AHIEH
Aol 4% Wallops A EH
©] %)™ (Huang et al., 1981),

wo= el 4]

A o) Tt 2ol A4

(6]

3714 o= wave frequency, o,i= T wave frequency, m
& g ool o] AHAEZ ] 7]%7][log-log scale]®]
YA chgu 2ol Hels v

m=|log27 &)

52
log2 ©2)

MN

1/2

E=M,"/L,=ck2r=¢2x (53)

o714 &= o HFAAL L AT T o0l =
3, AT e thet 2ol A oEh

2 (m-1)/4
L 2xd’m 1
40 T (m = D/A4]

AEDZTE py, g, piz A2 TR 0] 71 = 9leH,

SRRV - I[EZ]_F?%L(‘; ~ 5)/4] 53)
VST —F 3[§Z]_F2f(‘r]n ~5)/4] (56)
P - fgz]rizijz]n 3)/4] (57)

£72 5[’:;[((:; o Tr— ))//: ]}m (58)

1714 I'T = Gamma functions LFERHATH Abramowitz and
Stegun, 1968).

5.1.1 773 339 Monte Carlo simulation
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Wallops ~FE# 3} Random phase method(Frigaard and
Anderson, 2010; Cho and Bae, 2019; Cho and Na, 2015)
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Fig. 4. Time series of numerically simulated water surface displace-
ment based on the Wallops spectrum.
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Fig. 5. Histogram of measured wave height and associated period.
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Fig. 11. Sequential snapshots of numerically simulated nonlinear random wave field shoaling over uniform beach [slope 1:15].
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Fig. 16. List of design wave heights and associated periods in South Korea.
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