CHAPTER 9

Equalabrium Range Spectra in Shoaling Water
by

Takesha I,]lmz}n, Takah1zo Matswgz‘) and Kazutami Kogam

Abgtract

In shoaling water on sloping beach, waves break by hydraulic instabi.ity
due to the finiteness of water depth, so that frequency spectra of waves in
surf zone must have any lamtirg form similar to the equilibrium spectrum
given by Ph1111p5(1958) In this paper, authors have derived an equilibrium
form of spectra for surf waves from the lamiting wave condition at constant
water depth by Miche(1944) and from breaking wave esperiments on sloped ¢ottom
by Iversen(1952) The results are compared with surf wave spectra obtained
from field observations by means of stereo~type wave meter devised by the
authors(1968) .

By means of this spectrum and by deep water wave spectra for various
wind conditions, significant wave heights and optimum periods of limiting
waves in surf cone are calculated

1 Introduction

By damensional considerations, Phillips(1958) has shown that in the fre-
quency spectrum of deep water wind waves the energy spectral density Q(") of
saturated high frequency component is proportional to -5 powers of frequency

as shown by the following equation
2 -5
b =p¢Fc ()

where g 1s gravity acceleration and ? 18 non-dimensional congtant, for whach
Phillips has given numerically O 0117 from observed data and Pierson(1964) has
obtained 0 00810 from observed spectra on the North Atlantic Ocean

Lg 1 1s independent of wind conditiois and 1s interpretted as representing
a lamiting spectrum for wave« breaking i1n deep water in the state of hydraulic
instabilaty

As for waves breasing in shoaling waler, the limrting wave height 1s
determined by .nstability depending on water depth h and the similar limiting
spectrum should exist, whach, of course, 1s inaepensent on wand conditions but
depends orly on water depth and gravity acceleration in the range of gravity

waves
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138 COASTAL ENGINEERING

Here, we assume straight shore line with constant slope and waves incident

normally, so that one-dimensional waves without refraction effect

2 Derivation of equilibrium range spectrum

From observed wave record of a traln of waves at a pomt of depth h in surf
zone, apparent individual wave height H and wave period T of airl the waves
are measured in spite of breaking and non~breaking and then wave length l_, of
the wave at water depth h are calculated by small amplitude wave relation Then,
we obtain a scatter diagram of E/ T related to n/ 'f: as shown in Fig 1, which
was obtained from wave record of 17 minutes long at depth of 5 7 meters on the
Coasgt of Miyamaki (Pac1f1c Coast of Kyushu)

The envelope curve through the upper limit of scattered pointgin the figure
18 i1nterpreted to show the Inmiting wave condition for tune depth h

For a train of single sinusoidal waves, the limiting condition at constant
depth for h/L larger than about 1/20 1s given by Miche(1944) as follows

Y= Aok ZER (2)

For deep water (h/L=>00 }, H/L 1s 1/7 and for shallow water long waves

(n/L—>0), eq 2 gaves H/h=0 9, which 1s somewhat larger than O 78 by solitary
wave theory For the bottom of constant slope, we have not yet theoretical
relation but Iversen(1952) has shown experimental relations of Hb/Ho, and WH;

to Ho/Lo for bottom slopes & = 1/10, 1/20, 1/30 and 1/50, where % ,Lg are
deep water wave height and length and Hy , hp are wave height and water depth

of breakers From these ezperimen.al relations, an emp.rical :elation of H /L

and h/Lisimlar to eq 2 18 obtained is follows
H/L =—..'"tM [j‘(oi) 2% ] f(a()—-(MLBSO(

where of 18 bottom slope Above relatlons are shown 1n Fig 1 forol =0 and 1/10
Eq 3 may give somewhat larger valueg for h/L ( 1/ 20 for single sinusoidal waves
but for actual randum waves the form of ®q 3 may be assumed to represent approx-
imate relations of Iimiting apparent wave height ?‘I’md length ? deraved from
apparent wave period ’&/ for all h/’f Accordangly, we assume next relation

for lamting apparent waves

E‘%*ﬁ = ¢, yank [T mk] (4)
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Where Cyis assumed to be constant

As for actual waves with continuous spectrum, the limiting wave height 'ﬁ'm
1s interpreted as the result that all the phases of component waves whose periods
are within narrow range of period band between "f'— AWZ and ? + A"i"/ 2 centered
at pemod?f happened to coincide and their spectral wave heights were summed up
to attain the Irmiting height %’WX And for sufficiently narrow width of A"f,
the component waves within the period band are considered to have nearly equal

~
spectral wave height Hy proportional to the Inmting wave height Hway, that 1s,

Hyo< ﬁm (5)

Therefore, from eq 4 we have
Hy = oot L tawh [{® (6)

Assuming that the number of component waves within the period band 158 N

2’tk]

and they are mutual_h} andependent, the total energy density withan the period
o~ ~
band of T — aT/2 and T 4 A(‘f/2 18

N-SE it T7 pamh (f 22 ZTh

Accordingly, the total frequency spectral energy dens:Lty@(m)Aa\between
—Aa"/z and 1 80%5 15 saven by the following equation.

T2 2 Th
$(™a0=tmat N - tamd [f(»t)lwb-] (7)
The number of component waves N 1n above equation is considered to become
—~
large when the period band AT becomes wide, but to become small when the period

-~
T becomes large for limited length of wave record Accordingly, we may asswume

the following relation
Gomat N = conat AT/T = comat A0 (0= 27)
Now, eq 7 1s written as follows
D20 = comal L tamh [l) ”“‘]

= comat 2Tf V. h% Fado [ £14) “T° T a0
(ncl-. (a\‘h)

= ol (Nt)z—- F o(,& A0 (9)
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ne 2%h
T Ry bk L)
CET (A ahyn (20)
L 3
In above equations, 21Ch/ L 1s determned as a function of 02' h/g by the following

equation
fv/e = ZER o4 2T (11)

In eq 10, when a?.‘h/g becomes large, 2Wh/L tends to 2Wh/Le and F tends to
2 -
(/g , and when (\b/g becomes small, F tends to ﬁo()( o*n/e)
Accordingly, from eq 9 1t 1s seen that

(o) = cmat (21()13'2 N

for deep water waves (12)
-
é "= M'(zﬁ)z fl(d) h? o for shallow water waves (13)

Comparing eq 12 with eq 1,
‘
conale (‘216)1 = P

Thus, eq 9 15 determined a; follows
2 3
=P & (4 %) a0

Above equation 1s considered to represent the equilibrium spectrum of surf

waves

3  Comparisons with observations

The observation of surf waves 1s difficult because of various troubles in
setting and msintaining wave meters The authors(1968) have devised a stereo-
type wave meter, with which field observations at Miyazaki Coast and Nata Coast
of Kyushu were carried out Fig 2 1s an example of observed frequency spectra
at Nata Coast. Fig.3 and 4 are non-dimensional plot of frequency spectra at
Miyazaki- and Nata Coast, respectively, in which the curves are equilibrium
spectra by eq 14 for A=0 and 1/10 mthF = 0 00810.

In Fig.3, measured spectral densities for large o h/g attain to the equili-

2
brium values but for small O h/g measured densities are lower than the latter
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This seems to be due to the fact that few waves are breaking by the effect of
finite depth and only high frequency waves are saturated by local wind In Fig.4
measured energy densities almost attain to the equilibraum values, which mean

that almost waves are breaking by the effect of finite depth

4 Bstimation of limiting significant waves in surf zone

Assuming that eq 14 1s the lamting spectral energy density at water depth h,
the 1imiting spectrum for given wind conditions at the depth may be estimated by
the following considerations

In F1g 5, suppose that various spectra are drawn in linear scale and the
curve MN 18 equilibrium spectrum at given water depth  When the spectrum of off-
sea wind waves 1s given by the curve MWQ, the spectrum to be observed at the point
of depth h shoald be gaven by the curve MCQ, which 1s the limiting spectrum for
the given wind condition. When the spectrum of offsea swell 1s given by the
curve ASQ, the gpectrum at depth h should be the curve ABCQ, which 1s the limit-
1ng spectrum for given swell. Fig 6 shows an example of offsea wind wave spectrum
for wind speed U==15 m/s, fetch length F = 400 fan,which 1s proposed by the
authors as shown in Appendix, and equilibrium spectra at water depth h =8 meters
for bottom slope ¢ = O and 1/10

Fig 7{(a)(b) are significant wave height and 1ts optimum period of limiting
waves calculated by above-derived limiting spectrum at various water depth for

fetch length 100 km and 400 km with wind speed 15 m/s and 30 m/s

5 Conclusions ana remarks

Omitting the effect of wave refraction and darectional distribution of wave
spectrum, the equrlibraum spectrum of surf waves at water depth h 1s represented
by eq 14, by means of which and a proposed fetch~ or duration gpectrum of offsea
wind waves bthe limting spectrum at any depth 1s estimated as shown in Fig 6

Up to date, for design purposes of surf zone structures the lamting wave
height by such an equation 2 or 3 1s frequently used as design wave height
But i1n some cases, 1t seems to be more reasonable to use such a limiting spectrum
as above The effect of directional distribution of wave spectrum should be

considered in future
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Appendix
Derivation of Duration and Fetch Spectrum

We assume the genersl form of frequency spectrum as follows

$@ = kx> T enp{-p, (LS} (a1)

where g 1s gravaty acceleratin, Uy 1s fraction velocaty of w.nd and e,

P % are non-dimensional constants

Above spectrum has the maximum energy dens1tyé(d‘)at frequency @\ 4

follows
Pw)= U\*‘}e (1) Q\—"fi =(%P*)(¥* (23)

from waich we obtain

= 5(00n* 3
?ﬂr—?( ¢ *) () = %; o) &7 s

The time developement of the maximum energy density of wind generated-wave
spectrum 1s given by Ph.1111ps(1966) as follows
T awmd, a2 -4
$m=A5 (a\ B R =240(d% )~ 3.46x10 (46)
P "L . ’ [
where f'a' and rware densities of air and water and lu- 1s coupling coefficient

of air-sea interaction

Substituting eq 44, A5 and A6 into eq Al, we obtain as duration spectrum

Fon=nd F e apl 2] w

Meanwhile, Pierson(1964) has proposed the following spectrum for fully-

developed wind waves
$() =d §o wr{ (Fg'.[—f 4} ()

where h = 0 00810,?:0 74 and U 1s mean wind speed at 19 5 meters high
above mean sea surface, which 1s related to Ux and Uy ( wird speed at 10

meters above mean sea level) by tne following emparical relationships

T=KU« K=IL0+Jé—w (49)
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u
_U\D = \I—C—;:

For any given wind speed, the maximum energy density é(a;) of duration

Cio=(080+0.14T,)x 10> (a10)

spectrum should lie always on the saturated spectrum curve of that wand speed
given by eq A8, so that equating eq A6 to eq A8, we obtain next relation for €%

at any duration time t

A U*(a\,,)af mm,r{: wat %r{_(g(ﬁ?ﬁ:ﬂ (A11)

Eq A7 btogether with eq All gaves duration spectrum
Fetch length ) 18 related to duration time +t by the following equation

X=+GCt (a12)

where Co 1s the phase velocity of waves with frequency 6y

Thus, fetch spectrum 15 obtained from duration spectrum as follows

e =Ae’ Ui‘ )5———’*———-’)#(;’1, B - (2

By the relation G\D = 3—/C , duration and fetch gpectrum 1s written as

(a13)

follows

d
@(ﬂ\,t)=ﬂ€, 3_5\5 MIA/MU*/& (c'l &T{I (/%e) }

(a14)

ot (37N

At

@(mx,) ﬂe/4 26\5 N""& 2“’%7(4).1)

In above equalions, coupling coefficient rk 1s given by Phillaps(1966)
a~ a function of C/U‘* But when fetch spectrum 1s given by eq AIS, the

significant wave neight Hy3 1s shown by following equation

H>§ — 4w j‘ﬁ ﬁs(w(lﬂiz/(%“)))/z (416)

And also from observation data, .ignificant wave height i1s empirically related

to wand speed by the following equation by Wilson(1965)
g‘.H;g Ka [ {
T = - Y = -_
UX ~ Cel  {Uouki@iy n}*], k3=030, Ky=0.004  (m7)
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Equating above two equations, coupling coefficient r‘v 1s obtained for Co/U,(
with parameter Ux as shown in Fig Al Fig 42 1s an example of fetch spectrum
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