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( CHAPTER 31

ENERGY LO55 AND SET-UP DUE TO BREAKING OF RANDOM WAVES

Juhs Bnttjzst} and J.P.F.M. Janliunzl

ABSTRACT

A description is given of a model developed for the prediction of
the dissipacion of energy in random waves breaking on a beach. The
dissipation rate per breaking wave is estimated from that in a bore
of corresponding height, while the probabilicy of occurrence of breaking
waves is estimated on the basis of a wave height distribution with an
upper cut—off which in shallowwater is decermined mainly by the local
depth. A comparison with measurements of wave height decay and set-up,
on a plane beach and on a beach with a bar-trough profile, indicates
that the model is capoble of predicting qualitatively and quantitatively
all the main features of the data.

INTRODUCTLON

Quantitative predictions of wave-induced mean sca level variations
and currents in the nearshore region require a specification of the
varintion of the mean wave epergy demsity (E) in that region. Bactjes
{1972) and Goda (1975) have presented methods to that effect applicable
to random, breaking waves. In these models, E is forced to follow in
some sense, to be described below, the variation of the local depth.

The energy dissipation rate due to breaking is not estimated indepen-—
dently in these models, This is a shortceming, since it immediately
precludes the use of an approach based on the epergy balance. Such an
approach is physically more sound, and would e.g. be needed in applica-
tions to profiles where the depth is not monotonically decreasing
shoreward, such as in the commonly occurring bar-trough profiles. For
these reasons an attempt was made to develop a model for the dissipation
of wiave energy in random waves, breaking on a beach.

The outline of the paper is as follows. Existing models for the pre-
diction of the energy variation across the surfzone are discussed first.
Following that, the various elements of a new dissipation model for random
waves are deseribed. The results are combined with a conventional model
for the prediction of wave-induced wvariations in mean water level. Sub-
sequently, experiments are described which were carried out to test the
model, and to decermine the magnitude of a coefficient which in the
theory can be estimated in order of magnitude only. Finally, a cOomparison
is given of the results of the theoretical model to the experimental data.

I}‘z}hnso:ialn Professor {1) and Graduate Student (2), Dept. of Civil
Engineering, Delft University of Technology, The Netherlands,
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EXISTING MODELS

We consider a two-dimensional si i
i situation of waves normally |
on a beach with straight and parallel depth contours. .

. me::rwﬁ::cn incid:nt rnvu(p;:nmnt&rt and beach profile, the variation
_mea energy density (E) with distance to the shoreli i
ine
principle be ecalculated from the wave energy balance, written a:an 2k

EPx
—Ex—"‘n"ﬂ. “}

in which P_ is the x=com

e ponent of the time-mean.energy Flux per unie
le:g;h! X 1§ n.huri:nntn! coordinate, normal to the a:ill~uater ;?;e
;:nden:: :?uPt;m:;mgin dissipated power per unit area. Knowing the dé*

o a on E and on known parameters such as lo

cal mea
?:?thiihi; uaﬁeiginquun?y (£), mass density (p) and gravicy nc:clzrznlnn
’ .o Possible to integrate (1), subject to the initi ici

of the given incident wave, to find E as a function u;“:.lal S

Outside the surfione, the wave decay i
¥ 1s rather weak, and D
?:::h:::hneleCL?d entirely. If not, the only nDn[rihuti;ns to i:i:re
h mechanisms as the formation of a boundary laye
percelation in a porous bottom ete., § i e e
: . «s for which the dependence of D
E can be estimated reasonably well, In either case (1) can in F :ﬂ
used outside the surf zone, ; -
Inside the surf zome, the digai
: : pation of wave energy in the b i
f?ncﬁss is dominant. Because the details of these pruceises nreenurﬂhnE
z;Et eA:nderatu?d. the energy balance is usually abandoned in the surf
nndeﬁuanae:z:p;;onkmuzrg?;}mndu for LeMEhaul& (1962), Divoky et al (1970)
. voky + Who do apply an energy hal i I
solitary or periodic waves, by usin o ha dtssipution |
B @ bore model for the dissipati
rate. Usually, however, instead of solvin S SGiaths
Ley . & the energy balance
4 self-similarity in the surf zone inm asgumed {far nalitarycuregz:fij?é

waves), such that the wave hei i
i m“;“ s eight (H) decays in constant proportion to

Hix) = y h{x), (2)

in which ¥ is a coefficient of 0(1}, wha i
) v - 8¢ actual mapnitud
with beach slope and incident wave steepness, g P

For random waves breaking on a beach, a model based on (I
:ztuse:m :o have been published. An approach based on (23, uii;gdgzsnn
. Bzitf ound to the local wave height distribution, has been presented
¥ ties (1972) and Goda (1975). Goda's model is similar to Battjes'
model in essence, though different in the details, :

{
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The use of (1), rather than (2), is in principle much to be preferred
for a mumber of reasons, the most fundamental one being that ‘(1) has a
sound physical basis, whereas (2) is assumed ad hoc. Associated with this
are the following items:
- Assumption (2) relates the local wave height te the local mean depth.
This introduces anunrealistically largedependence of dissipation
rate on local bottom slope (Battjes, 1978h). In (1), the local wave
height is found from an integration, so that it not only depends on
the local depth but also on those further scaward, which is more
realistic,
= If necessary, other dissipation mechanisms than that due to breaking
can be incorporated in (1) in a straightforward manner, whereas this
is not the case fFor (2).
= Eq. (2) is restricted to profiles in which the depth decreanses mono-
tonically in the shoreward direction. This is not the case for (1),
which in principle can be applied in bar-trough prefiles as well.

A DISSIPATION MODEL FOR HANDOM WAVES

Introdustion

As noted above, no model based on the energy balance seemed to be
available for the prediction of the energy variation in random waves,
breaking on a beach, The preceding comments should make it clear that
such a model is in fact desirable, One such model which has been deve-
loped will be described in the following.

Before turning to the specifics, some general remarks will be made
about the philosophy of approach whieh has been adopted.

Firstly, since at present there is virtually no systemactic quanti-
tative knowledge of the internal structure of breaking waves, the approach
used herein is based on knowledge of external, macroscopie properties
of broakers only.

Socondly, it was deemed prudent to build a rather crude model at
first, containing the simplest possible elements which would still re-
present those aspects of the problem which were considered essentcial,

A confrontation of such medel with real data should serve to indicate
whether the model is sufficiently realistic to warrant further refine-
ments, Examples of choices made on this basis are an abrupt upper cut-
off of the wave height distribution, the use of a simple, linear appro—
ximation for the energy flux P, and the omission of all dissipation
mechanisms other than that due to breaking. The results presented in the
folloving represent only the First steps in the sense just described.
However, at several places it will be indicated how refinements could
possibly be made,




somehow suppressed in its upper region by the local depth.
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4 third point to be mentioned has to do with terminology. When re-=
forence is made to a "breaking wave", this could be interpreted as a
wave at the moment of incipient breaking, defined in one way or another,
or it could perhaps be taken to refer te the turbulent, derated bore-
like structure some time after the onset of breaking. To avoid this
possible semantiec confusion, we shall here refer to the latter as a broken
wave; the breaking itself is then taken to correspond to the ctransition
of the unbroken mode to the broken mode, according to the definition
adopted for such transition.

Wave ‘hetght distribution

Consider a fixed point on a beach, with mean depth h, in the pre-
sence of a random incident wave field. It is impossible for waves with
heights considerably in excess of h to pass the point being considered,
since those which otherwise would do so are reduced in height as a result
of breaking. The limited depth effectively limits the larger wave heights
in the distribution. A simplified model of this is obtained by defining
for each depth h a maximum possible wave height H_ (to be specified sub=
sequently), and to assume that the heights of all the waves which are
breaking or broken at the point considered, and only those, are equal
to H .

m

The assumptieon just stated is of course a gimplification. Mot all
the heights of broken waves passing a fixed point are equal, nor are
they all necessarily larger than those of the non-broken waves, The
first of these two aspects can be remedied by providing for a smoother
cut-aff, as in Goda's model (1975}, For the time being the simpler model
described here was used. After all, our purpose is not to estimate the
details of the wave height distribution in the range mear H ; it is to

derive mean square values from a distribution of wave heights which is

The assumption stated above will now be written in terms of the
probability distribution of the wave heights, F{H). The shape of F(H)
for the lower, non-broken wave heights is assumed to be the same as it
is in absence of wave breaking, i.e. of the Rayleigh-type, with modal
value H, say. This leads to

E(H} = Prii £ H} = | = cxp{-}Hzfﬁz} for 0 < H < 1%
(1)

= ] for H < H,
T

in which the underscore indicates a random variable. The local value
of the parameter H is left unspecified for the moment.
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~ Eq. (1) represents a probability distribution with two parameters,
Hoand H . ALl the statistics of the wave heights can therefore be ex-
prusucdmin terms of (H,H ). Among those are the rms value (i Ty
defined by o TS

- i i !
Mo {ﬂ H dF(H) 1, (43

and the probability that at a given peint a height is associated with
a breaking or broken wave (Q.), which on the assumption stated above
equals

Q, = Pril = H_l. (5)

Substitution of (3} into (4} and (5) gives

2 =2
Hrms = 2(] - Qh}H (6)
and
q, = exp{-iﬂifﬁzi. (n

Instead of using (H,H ) as the two parameters of F(H), it is equally
possible to use {Hrm ,Hm), which have a clearer physical meaning. This
can be achieved by ciim;nuting fl between (6} and (7), which yields for

%

i = 0Q H
2] s, 2
ng, e o

From this transcendental equation, Q, can be solved as a function of
H :
H’rum‘F m

Q, = E(Hrmsfﬂm}. {93

This is a key element in the whole model. It expresses the fraction of
lwaves which at any one point are breaking or broken, in' terms of the
Lrntiu of the rms wave height tequivalent to mean energy density, E) ac-
tually present, to the maximum wave height which the piven depth can
gustain. The loecal value of H is not known a prieri; it is found

by integrating the diEEerEntiETsequation {1). The importance of 0§, for
this equation is due to the fact that the average local cnergy dissipation
rate I is proportional to it, at least in the dissipation model to be
described below. It is mainly through Qh that this model reacts to

changes in depth.
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In very deep water, where H__ /H -+ 0, (8) gives g - 0, as expected,
If the waves are shoaling then the ralio I /H_ tends 3 inerease, and

sa does . In the limict H__ /H -+ 1, Q » Which is a degenerite case
since it Eurrenpunds to all™Pfe Daves ba?ng broken, and all the wave
heights being equal to Hm.

Breaker height

So far the quantitative estimatiom of H was left utispecified., This
will be considered nexc. =

The form chosen is based on Miche's eriterion For the maximum heipht
of periodic waves of constant form:

H = 0.14 L tanh (27h/L) = 0.88 k' tanh kh, (10)

in which k = 2n/L is the positive real root of the dispersion equacion
2
(2n£)" = gk tanh kh. {11}

Eq. (10} as it stands would predict = 0,88 h in shallow water. In ap-
plication to waves on beaches we want to use a similar functional relation-
ship as in (10) but we also want some freedom of adjustment, to allow

for effects of beach slope and of the transformation to random waves,

such that in shallow water our expression for H reduces to H = vh,

in which y is a (slightly) adjustable coefficient, In order that the
deep=-water limit shall nat be influenced by the bottom slope the

following form was finally adopted:

H_ = 0.88 k' canh (ykn/0.88). (12)

In application to random waves, {12) will be used, with f in

(11} being given a single, representative value, such as £, a mean fre- pvmﬂmﬁf

quency defined as the ratio of the first moment of the surface elevation
spectrum about £ = 0 to the zercth moment.

It should be pointed out that neither the frequency-dependent
transition from deep water to shallow wiater, as expressed by the tanh-
function in {10} or {12), nor the representative frequency to be used,
needs to be estimated with Breat accuracy, inasmuch as most of the wave
breaking takes place in shallow water anyway, where H = yh, regardless
of the Frequency used (within reasonable limits). For"the same Teason,
the use of only one representative value of £ is deemed sufficient, In
principle it is possible te use a distribution of f=values, leading to
a distribution of H —values For given h. (A distribution of W has in
fact been used by Goda (1975), though it was chosen ad hoe,)

(
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Energy dispipaticn in a broken wava

Following LeMBhaut& (19623, the energy d%ssipatiun rate in & 4
broken wave will here be estimated from that in a bore of correponding

height.

Consider a bore connecting twe regions of uniform flaw, with
depths Y, and Y;, respectively (fig. la). Thu macroscopic bore
properties are determined by the conservation of mass and momentum
pcross the bore. The power dissipated in the bore per unit span, written
as 0", can then be calculated, with the result (Lomb, 1932)

E{Yl * 'Irz} !

1 = e T
n' = T ﬁg(?z Tl} { 5 ?1?2

(13}

This expression will be used to estimate the power dissipated in the
crest region of a broken wave. If, as is the case here, the htak?n
'wave i one of a sequence on a sloping beach, then the flow conditions
on either side of it are non-uniform. Thus, (13) cannot be expected

to apply in any exact sense, but at most in order of magnitude. For
this reason it is felt te be justified to use further order—-of-magni-
tude estimates in (13) (written as n), if applied to broken waves on

a beach. In this respect the treatment here deviates from that gf
LeMéhautd (1962}, These order-of-magnitude estimates are {see fig. Ib)

Lo ¥y

and
E(Yz + '!'l]

pdldde — F 2

(15}

1o

T 'S
iy o Fal i e e o L (B i e
{1a) (1B}
Fig. | = Sketeh of a single, steady bore (la) and of ona out of a

sequence of broken waves on a beach.
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Substitution of these in (13) yields the following esti
: ate f
disgipated per broken wave, per unit span: . g i

i 3
D'~ og H :f;}‘. (16)

If the waves were pericdie with fre
quency £, then the aver
dissipated in the breaking process, per unit are;, would be ol

o' fn' n, D! 1 :

Do W-Insl . (17
c {ghll 4 h )

where L and ¢ denote wavelength and phase speed, respectively,

A more refined estimate for the relation between bore strength
(¥,=¥ ) and wave height H than thar in (14) has been Biven elsewhere
and applied to solitary and periodic broken waves (Battjes, 1978a), '

However, that refinement has not yet been implemenced i
model for random waves. v i s

Maan energy dissipation tn a random breaking wave field

In application to random waves, we are interested in che e
value of the dissipated power per unit area, This can be &utiman::;;d
applying {17} to the broken waves, and to those only. In the model
adopted above these have a height equal to H , and a probabilicy of
accurrence (at a fixed point) equal to Q_. Flicthermore, the mean fre-
quency (f) of the energy spectrum is HEEH again as a representative
value of f. If lastly the ractio H /h is dropped from the order-of-
::E:i:;dzhrn:;:i:nlhip. as being Of order‘one in the reglon where

e dissipation oeeurs i i

s p » We obtain for the overall mean dissipation

1 = 2
U~ Q,foe o, (18)
or, written as an equality
e 2
D =3 Q.fg 1, (19)
in which — if the model is good - a is a constant of order one.

In interpretations of (19), it im imporeant -
senting the fraction of broken waves pas:fng any :zn“;:?n:hn:ae ;e::P::
h? a function of H mifH « Thus, the combination of (8) and'{JE} deter-
mines the power diEn;;ngﬁ in the breaking process, D, as a Function of
the unknown local H {or the local energy density E), the knowm
local depth (throug }» and some constanta. This is a key regulc of
the present model, EﬂaEling the application of the energy balance (1)

RANDOM WAVES BREAKING 3rT

At first sight, it might scem from (19) as if D were decreasing
with decreasing H_ (decreasing h), but this is not normally che case.
As long as a randdm wave train of low or moderate steepness is in
relatively deep water, § will be virtuvally zero, and therefore also
D. When, upon approaching the beach, the depth becomes less chan 2 to
J times the rma wave height, Q, increases strongly, such thit its in-
crease in fact more than compensates for the reduction in H®, so that
D also increases. Mear the limit of very shallow water, 0, Gltimacely
approaches unity (except for extremely mild slopes), in uliich case D
decreases, ultimately in proportion to H-.

Likewise, if the wave train passes & bar, then the increase in
depth (and consequently in H ) shoreward of the bar crest,causod a
reduction in ), which more than offsets the increase in H , 50 that
the di.nipati.m?ra:e in the model can become virtually zero again in
the trouph shoreward of the bar. Examples of this situvation will be
given below.

Energy balance

Having established a dependence of the dissipation rate D on the
rms wave height, it remains to do the same for the energy flux P in
order to be able to integrate the energy balance, eq, {1). A simple
linear approximation will be used, viz.

FK =P o= Eca, (20}

in which
i 2

By o (21)

and
- |2%E kh

‘g [_Eu Kl Binh !Hh}]f S g

This closes the system of equations for H_ . For given depth profile

hix), given incident wave parameters, and & (suitable) choice of the
model parameters o and ¥, eq. (1) can be integrated to find H__  (x).
From trial calculations it was found that the damping conlained
in the model appeared to be insufficient to prevent the ratio H_ /H
from tending to blow up as the waterline (zero depth) was approached,
This phenomenon is reminiscent of the classical shoreline singularity
for dissipationless progressive waves. As such it need notbe of preat
concern in the sense that it would invalidate the wodel away [rom the
vaterline. However, the wvave height distribution asgsumed here limits H
to wvalues not exeeeding Hm. s0 that an internal incompatibility arises.
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The situation could have been remediod by simply terminating the cal=
culation where the condition I ¢« W is first violated,or, rather
more fundamentally, by incnrpnfﬂfiﬁg Madicional physical mechanisma
of energy dissipation in eq. (13, which would be predominant near the
waterline, and of such strength that H /M < | as h =0, In the

preliminary results to he glven buluu,rﬁgith? of these was done.
Instead, the integration of (1) was censed at che point where the
condition H < H is first violated. Shoreward of this point,
i = M wis assumed.

rms m

MOMENTUM BALANCE

We have so Far assumed that the mean—depth profile hi(=) was piven.
Hormally, only the depth of the bottom below some reference plane, dix),
ig given. In the experiments ta be described subsequently, the still=
water level was chosen as the reference plane for d, which therefore
represents the still-water depth.

The height of the mean water level above the reference plane,
written as nix), can be determined from the mean momentum balance, Fol-—
lowing Longuct-Higgins and Stewart (1962) the mean balance of x-—momen-—
tum is written as

dsux 3 Eﬁ 5

dx peh dx 0, 38
in which

h=d+n (243
and

S b Ei"ﬁ%}g' (25)

the component of the radiation stress tensor normal to planes x = con-
stant. As an initial condition for the integration of (23), it is common
to choose 1 = 0 in a reference point in deep water,

In the applications given below, the energy balance and the momen—

tum balance have been integrated simultaneously, by a process of ite=
ration.

The most important reason for the inclusion of thewve-induced
variations in n.in the model is mot to correct d (the energy dissipation
model could be checked by working from the outset with h), but to pro-
vide an independent check on the validity of the model. As noted in the
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{ntroduction, the variacion of the wave energy density E in the surf
goie is important because the radiation stresses are proportional to

L, and the gradients of these stresses provide driving forces for the
mean flow, It is therefore very useful to have a check of the capability
of the present model to prediet such driving forces. A limiced but
nevertheless useful way to do this is to calculace the wave-induced
get=up 1, and to compare the results with measurements. This then is

ene purpose of the experiments to be described in the follewing

chapter, the other one being a more direct check on the model through
measurements of "rms'

EXT'ERIMENTS
Arpangementa and procedurea

The experiments referred to above were carried out in a flume in
the Laboratory of Fluid Mechanics, Department of Civil Engineering,
Delft University of Technology. The flume has an overall length 45 m,
vidth 0.8 m, and height 1 m.

The flume is equipped wicth a hydraulically driven random-wave
generator. The control signal was obtained by filtering a random noise
signal.

At the end of the flume opposite the wave generator, two beaches
with different profiles have been built, viz. a plane beach with a
1:20 slope, and & beach with an idealized bar-trough profile, consis-
ting of two 1:20 plane sections sloping seawards, connected by a 1:40
plane section, sloping shoreward, 4.4 m in length, (Fig. 2}.

S A

. 3?f““| . wave penerator
\Tn 1:40 | ——ghuge nr.1 fl e
* [ ! ol e
.88 1:20 I 1 m
—

T
b

n
1

i Il 1 1
9.8m Va.bh 100m1.5m 153 m
| 45 m
]
f
Fig. 2 - Sketch of wave Flume with bar—trough beach profile (plane

glope indicated by dashed line)
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Axo COAS

Ihe height of the barp crest

the d?pth of the trough below
occupied the entire flume wide
ted sand, finished with a smooth cement-sand

Measurements of th

depth section, 1.5 m seaward
served as the reference
shoreward of the beach t

The gauges were calibrac
Deviations from linearity wer
mergence exceeded 4 em. This
the beach, in those poines wh
not available above the beach
on the slope).

The gauge signals were
and its spectral discribucian
;hnnq:l Pulse Code Modulation
16 times the recording speed,
spectral analyzer. A toral of

intervals of 0.0] s (0.16 8 true ci
frequency EEN] is 50 Hz (50716 Mz tigi.f

100 speccral
with about 2

esci i
miate Hrma aceording to

aal
Hrmu 8o,

’gitimmt:l were made, at a separation of 0.0) £
/190 = 328 deprees of freedom.
Values of o°, obtained from

<
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Wil about 0.50 m above the flume bottom, and

the bar cresc was about 0.1) m, The h;nrhrn
h, one at a time. They consisted of compac-
mortar layer.

e free i
Parallel-wire resistance gaugn:?rf'c“  iaaoonE e e i

One of these was placed in the
constant=-
of the toe of the beach; this gauge -

Bauge for the incident waves. The other gauges

o2, were placed i
recording time of about Eﬂtmin,* :h:;eun:: intervals of 2 m. After a

an effective interval between adjacent meas

moved by | m, 5o as to obtain
; urement points of | m,
ed immediately before and after each run.

was guaranteed by placing the gau,
ges in
ere the minlmgm required submergence was
face (i.e., in the points relatively high

analyzed with respect to the variance {Uzj

+ To this end they were fed to an oight=
rccordnr! and aftervards from there. ar
tp.a digltul correlator and & hyhri&

2" points per signal were sampled, ac
The corresponding Nyquist
requency). Per spectrum,

N each

the digital correlator, were used to

(26)

which is consistenc with {21) and with

E = nnu2+

Paper chart recordin inei
1 BES were made incidencall
spection; they were not used in the quantitative :n

Wave set-down and set-up were measured indirectly,

piezometric level at the beach

{(27)

for visual in-
alysen.

; through the mea
face, which in turn was detected by menn:

of 1.3 mm ID tappings placed ac intervals of | m,

The tappings were flush wit
a deviating arrangement was made

were above the inscantaneous wil
drav-down). During such time in

at these points would experience

.I.ETEI of the beach face, aen th
high and dry" above the water,

h the beach face. However, in addition
fuf same of the higher points, which
terline during parts of the time (during
tcrva}s, conventionally placed tappings

4 piezometric level equal to the local
ough the point would he momentarily
This would lead to g B¥atematiec over-—

ertimation of the wave 8er=uh in that redisn:

(8

RANDOM WAVES BREAKING 11|

To remedy this situation, a narrow slot, | cm wide and 10 em deep,
was gouged inte the beach face, parallel to the side walls of the flume.
The slot covered an interval of the beach face from a point above the
highest run-up expected, to a point which was always submerged., Because
the water in the slot can draw down to below the beach face, tappings
which were provided in the bottom of the slot can experience plezometric
levels lower than the beach face at the local cross section. A compari-
gon of the set=up so obtained with that obtained from a conventional
tapping in the same cross section, in a cross section where the latter
reading was not suspect, showved them to agree to within the random
experimental error (0.1 o 0.2 mm).

The system of measuring the mean water level with tappings in the
slot is somewhat similar to another conceivable way of achieving the
sam¢ objective, viz. through measurements of the mean piezometric level
in the pores of a porous beach. If the permeabilicy of such beach is
low enocugh, though not zero, then the beach is virtually impemmeable
to woter motions in the frequency band of the waves. The wave motion
would then be the same 25 on a strictly impermeable beach, while
the beach would be permeable to the mean component, making a MWl-
measurement possible.

All the piezometer tappings were connected via 9 mm ID plastic
tubes to B6 mm ID stilling wells. The waterlevel in the wells was read
with a point gauge to 0.l mm accuracy.

The energy in the frequency band of the incident waves was filtered
out to imperceptible values by the system tube-stilling well. Howewver,
some lower-frequency oscillations were noticeable in the wells, parci-
cularly for the higher points on the beach. For this reason about 10
readings per well were made for each run, with intervals of about
15 min. The arithmetic average of these readings was taken to represent
the local mean water level, and the height of this above the still-water
level, which was read in the stilling wells before and after each run,
was taken as the local set-up. The difference between individual readings
was largest for points high on the slope, but even there the maximum
deviation from the average was less than 10T of the local set-up.

Teots and results

As mentioned above, tepts have been carried out on a plane beach
and on a bar-trough beach. A summary of the independent parameters used
is given in the following table.

Run  Pro- d d T a H il f d
file (o) (mf () m) 3 EF 2 £
2 plane .705 - L5846 051 .144 157 030 =
3 plane .6927 - 407 D43 .1Z2] 126 L0013 -
& plane .701 - 463 .050 142 52 021 -
1 bar 702 .209 L4798 051 143 « 158 022 1,41
12 bar B85 .150 871 043 .121 128 Lalg 1.17
13 bar 762 267 LABT 037 104 <113 018 2,35
14 bar +732 236 512 042 11B 129 022 1,83
15 har thIG 020 L Ran el S | | 154 1328 0,78
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The incident wave fpectrum wias rather parrow (half-power handwidth &
about 257 of peak frequency), and virtwally unimedal, except for a 2 I
bulge in the range of frequencies about twice the peak frequency. 3 3
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For the tests on the plane beach, of given slope which was not ot L
varied, the deep-water steepness is the most important independent i
variable. Three such runs were made, with s -values of 1%, 27 and ax
approximately., The results far the Tun wich 2% SLeEpness were inter-
mediate between those of the runs with 1% and 3% steepness. Only the
resules of the latrer two are presented here, the wave heightd in figs, t ¥ ‘-
da and 4a and the set-up in figs. 3b and 4b. These have been plotted K 1 Euo
against the still-water depth. The variables have been normalized as = i
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= a2 &
e el T e
. 3 I g E DC:
H=H el T | O D S - S O ot e A B
s’ rms T
. R
- LTI
e 2o
n=nfH (31 - oo -
Tms | s I E_E i
d = d/m Ir 3 o ) 30w
= 7 | 2 o | i i
rms_ Il R e ; gk
! —_——— o &
Five runs were made with a bar-trough profile. The most important &
independent variable in this case is d_, the relative depth at the I
bar crest. It was varied from 2.35 to 0.78. In the first cose relatively ™
few waves break on the bar, and in the latter case the majority does, he
Virtually no waves were breaking in the trough region, regardless of o
the relative depth over the bar crest.
Only the results of the two runs with the largest and the smallest
value of dc are presented here, the wave heights in the figs. 5a and ba,
the set-up™in the figs. 5b and &b, These have been plotted against the
relative distance seaward of the still-water line, denoted by

¥ = el
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As an aid in the interpretation, the beach profile has also been
plotted, in the figs. 5c and bc.

In all che plots, except figure 5, the most seaward data point is
that of the reference gauge in the constant—depth section of the flume,

Discunaton of expertmental results

The wave height decay on the plane slope (figs. Ja and &4a) shows
a slight steepness effect, in the sense which might be expected. For
the lower ateepness {nu s 3.01), there is a noticeable enhancement, In
fact to values excooding the deep=water wave height, before the decay
due to breaking sets in. No enhancement has been measured for the
stegper waves. -

For hoth steepnesscs, the maximum ser-down occurs near d = 2. The
maxioum relative set-up, occurring at the waterline, and estimated by

extrapolation of measured values, decreases with increasing incident
wave steepness.

The wave heipght data for the bar-trough prefile (Figs. 5a and 6a)
show a slight enhancement, followed by a more or less severe decay on
the bar, depending on the relative depth over the bar crest. In both
cases there is a wave height minimum in the trough of the beach, as would
be the case for dissipationless waves in shallow water. This pattern is
confistent with the visual observation chat there was virtually no hreaking
going on in the trough regien. The fact that the mean water level has
a maximum near the trough is also consistent with this.

The mean water level gradient just shoreward of the bar crest is
Ear greater than further toward the trough, but still on the same
slope. (This is particularly clear in fig. 6b.) This is due to the
fact that in chat region there is still dissipation, though the depth
is already increasing. The dissipation contributes to the mean water

level gradient in the same sense as the increasing depch (both tending
to decredse Exu}'

COMPARLSON OF THEORETICAL MODEL TO EXPERIMENTAL DATA

Reaulta of theoretical model

The equations of the theoretical model described in previous
chapters were prograsmed for numerical evaluation on a digital computer.

The nearshore beach profiles used in the calculations were the same
as those used in the experiments. The seaward portion of the profiles
was a constant—depth section in the experiments, but in the calculations
this section was replaced by a 1:20 slope extending to deep water, The
caleulations were started in a point of effectively deep water, using
experimental values of £, and Hrw: as input parameters.

o
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Due to the finite size of the [lume, the wave-induced set-up on
the beach causes a lowering of the mean wacer level in the constant=
depth section. Thus, instead of having an initial value for the inte-
gration of the sec-up equation (231), the constancy of mass in the flume
must provide the integration constant. Hewever, there were indications
that water was not only stored on the beach, but alse behind the wave
generator. The latter amount was not predicted., For this reason, the
moasured set-down in the constant-depth section was used as the refe-
réence value for the calculacions of the mean water level.

The calculations cannot be initiated until the paramerers (a,y)
have been assigned certain values. It is planned te determine a aingle
pair of (a,y)-values such that the Fit of the caleulated results for
H and T} to the complete data set i optimised in some sense, This
hi not yet been done. In the calculations performed so far, the co-
efficients o and y were given some plausible values a priori,

For ¥, which indicates a breaker height-to-depth ratio, the
value 0.8 was chosen.

The coefficient of proportionality in the expression for the dissi-
pation rate is expected to be of order unicy. A logical a priori choice
for it would therefore be I. This has in fact been done in a previous
formulacion, in which however n ecoefficient has been used which was a
factor  smaller than the coefficient & used here, defined in eg. 19.
Thus, the inicial calculations were in fact performed for v = 0.8,

a = 0.5. The calculated decay rate proved to be too low, The calculations
wiere then repeated with y = 0.8, a = |. The results of these calculations
have been superimposed on the plots of the experimental dacz in the

figs. 3 chrough 6.

Digousaton of resulte

A comparison of the theoretical results to the experimental data
leads to the following conclusions.

In general, the wave height variation across the surf zone is pre-
dicted reasonably well, In some cases, the agréement between model pre-
dictions and experimental data is quite good, such as in the figs. da
and Ga. In other cases the agreement is less pgood, though still fair.

The set-dowm and set—up appear to be less vell predicted than the
wave heights. Although the overall agreement is fair, the model consis-
tently predicts the transition frow set—doum to sct-up in regions some-
what too [ar seaward. The Fact that this discrepancy exists even where
the wave height variation is predicted well, suggests that in the brea-
king process § _ decresses not gs fast as the potential enerpy of the
waves, perhnpa“ﬁuu to a local relative surplus of kinetic energy of
orpganized wave motions and turbulent motions together. Data obtained
previously have given similar indicavions (Baccjes, 1974).

The probability that an arhitrary wave passing a given point shall
be a breaking or broken wave, is an important quantity in the description
of random waves on a beach. It has not been measured quantitacively.

RANDOM WAVES BREAKING 5K

However, a comparison of theoretical results wvith qualitative obser-
vations is possible, particularly for the runs with a bar-trough
profile, In all cases, the calculated value of in the trough was
virtually zero, even though it could be considerable on the bar crest
jﬂh = 0.06 in run I3, with d = 2,35, and @, = 0.46 in run 15, wich
d "= 0,78), These variations agree atlunntsunlitativnly with the
visual observations.

Summarising: the model, when given a single pair of plausible
values for the coefficionts a and y, appears capable of predicting
qualitacively and quantitatively the main features of the complete
set of data, both with respect to che wavae heights and to the mean
water leval variations, both on a plane beach and on a beach with a
bar-trough profile, This lends strong support te the usefulness of
the wodel proposed herein.
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