CHAPTER 22

PERIOLIC WAVES SHOALING IN WATERS OVeR
STEEPLY SLOPING BOTTOMS

by Dr.Harihara Rama AYYAR
nssistant Professor in Civil Engineering
Indian Institute of Technology, nadras, India.

Abstract

The bottom bed slone plays a vital role in the shoaling
and breaking of periodic waves. This study aims at the
understanding of the effect of steep slopes (range

steeper than 1 10) on the breaking point and the breaker
trajectory and the noint of impact. This range of slope

1s often met with in the near-shore structures. Analytical
investigations and model studies are outlined. The
influence of slove on each of the significant breaker
parameters 1s discussed.

1. INTRODUCTIOL!

A train of periodic waves propogating on a slopilng
beach presents one of the most anteresting and perhaps
one of the most exciting phenomena in nature. Similar
phenomeng occur on the slopes of near-shore structures
like sea-walls, oreakers, dykes elc. A knowledge of the
point of breaking and posaition of occurrence of maximum
1mpact pressures due to breakers will be useful aids to
the designer. It has been observed tnat beyond the point
of breaking tie particles nove in a confused manner. ‘/ave
theories cannot be applied in this zone, at best t11ll the
breaking poinb only.

2., WLRTODIC W.VES FROPOGATING IN OHOALING WATERS

It 15 known from IRY{(4)'s theory of small amplitude
waves, that tne energy i1n a wave train 1S transported in
the direction of wave propogation witr the group velocity
Cge Consaidering a train of progressive waves advancing
1in water of variable devth, with change in depth being
uniform and small RAYLLIGH(Z ) assumed that the mean rate
of energy transport past all vertical sections 1s constant.
further 1t wos assumed thabt since the change an depth is
very gradual, the characteristics of the wave at any
section are given by AIRY's equations. This leads to the
relation
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5 ™
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and i = ~h + oInh oER ¢ Cobenmh kh (2)
where H = Height of the incident wave (deep water)
HO = Heigrt of wave at any given location
Lo = Length of ancident wave(deep water)
L = Length of wave at any given location
h = Local depth of water below SWL
k = Wave number = 2K /L

This solution, however, does not predict breaking, as 1t
1s based on the linear theory of AIRY.

STOKER(3) snalysed the breaking problem based on
the classical non-linear wave theory and the method of
characteristics. The solution 18 however not explicit and
calls for individual treatment. Only solutions for a few
special angles of bottom slope were obtained. The solutions
of STOKER do not predict the breaking voint correctly
(LE MEBAUTE(4)) and also predicts a bore even when the
wave travels on a horizontal bottom., Moreover the results
of STOKER alvays predict a snilling bre=ker observed onlv
on m1ld slopes. On steep slopes nlunsing breakers arc
formed invariably.

3. SOLUTION BASED ON CLASSICAL NON-LINEAR SHALLOW WATER
WAVE THEORY

The classical non-linear shallow water wave theory
equations are

?
2 e - - Sk 3
Pu du - ?
2w B - - 2L )
where u = parbticle velocity in the horizontal direction
(re. drrectron of wave advance)
x = horizontal distance from the oririn i1n the
in the direction of wave advance.
7 = the vertical elevation of anvy marticle on
the free surface above OWL
h = depth of water measured below 8.L
g = acceleration due to gravity
t = the time reckoned from the moment the wave

enters the sloping bottom.

The origin 1s btaken at the intersection of SWL with the
vertical at the foot of the slove (See Fi1g.1)

The equation can be exnressed in terms of d1mension.
less quantities

X' = —%—- where 1 = nh
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\ 1
1
[ u _
u' = ee—— where uo -W/gh
Uo
. b - 2
t' = g where tg =n e
The equations (3) and (4) will reduce to
!
%.u‘ (1 -x" +m') = - —%"%.— (%)
!
1 1
Along the characteristic directions
1
T osu O )
u' + 2C' + t' = Constant
& w0 @

u' - 2C' + t' = Constant

It 1s shown by GREENSPAN(®) and KISHI(6) that the 1initial
positive characteristic 1s given by

2 (9)

in the x-t plane. sy changing over to a moving coordinate
system, the slope of the wave front i1s obtained as

31‘ 1 .,y 2u'
.bxrh=(’|—§t)m (10)

By using the kinematic stability criterion that u = C
at the crest at the breaking volnt and using this relation
in the integrated equetion (10)

1= (1 -2 1) ¢ (1)

But the proverty of the initial positive characteristic
gives

x' = ' - il !

Cl= 1 - —— %

{
Hence 1 = (1 - ~%— t')? (12)
Suirtable parameters are to be chosen to define the

kinematics of the breaker. The following are chosen 1n
this analysais.
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h .

3 Denth at breaking point below SWL
¥,

Height of breaker crest above bed.

ton

Jrom the relations (9) and (12) and the geometry of the
breaker, the following final relations will result.

h
B 2 u/
5 = ( 7;gm N (13)
b
TR, 2y -
anda =2 =2 (15)
B
where m =N.K. % (16)

hen friction and reflection effects are neglected, as
was done in this analysis, one gets tne relation (15)
for tne breaker geomelry. This also confirms the thumb
rule trat breaking occurs at about the point where the
wave height equals water depth. lowever the effects of
reflection of wave energy are to be accounted for in the
case of waves shoaling on steep slopes.

4 ,TABORATORY STUDIES IN FRANZIUS-INSTITUT AND CONCLUSIONS

As a result of s large number of model tests conducted
by the author in the Iranzius Institute in the Technical
University of Hannover, West Germany the following conclusions
were arrived at, by which the determination of the character-
1stics of breakers 1s made possible. Various bottom slopes
(1n the steep slope range) incident wave height and
incident wave period were studied in a wave flume 45wX 0.5mX
0.9mr with a paddle type wave generator, with provisions
for changing the period as well as the heignt of the wave
even during operation.

Instrumentation used consisted of a number of wave
gauges of the parallel wire resistance type (gold-plated
to prevent any chemical action) of different lengths to
sult the local depth of water. The wave orofiles were
recorded by trnese wave gauges connectedtto a 3 channel
electronic direct recording devices, which recorded the
wave profile on a millimeter section paper run st the
known sneed. To ensure perfect linear relationship between
the water levél fluctuations and the records on paper
snecial tyne of variable resistances vere introduced in
the circuit . This ensured linear relationshin over a
lsrge range of wave height. The visual determination of
the point of breaking was almost impossible. Therefore
the wave statistics was collected along the flume and
21so above trc slonin~ bottom.
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A method was develoved to determine the bresking
point from tne wave st.tistice thus collecved, on the
assumntion that the tragecte vy of the bresker crest 1s a
second degree curve. This follows from the fact that the
particle velocity at the breaker crest at the breaking
point 1s purely horizontal and eouel to C, the nhase
velocity of the wave and in oddition the narticles are
subgected to a gravitational acceleration g. That this
18 very much so 1s demonstrated by the shane of the
plun—ing breakers in nature. A computer nrosramme was
written using the method of least squares and solving
the resulting simultaneous eouations by the diagonal
matrix method (compact Gauss method). The comnutations
were done 1n CDC-1604 digital computer. The breaking
noint was straightaway determined and then the breaker
trajectory vlotted. A back check was maede to verify the
desree of the curve (Fig.2). The ~greement was auite good.

5.THE RETARDATION OF THLE BRLAKER

From dimensional snalysis of the variables involved,
1t was found that the fagtors influencing the breaker
characteristics are H/p:T2 and n (T 1s the period of the
wave) vhich are the incident wave steepness and the bottom
slope function respectively., The variation of YR/hp with
H/gT? was studied for all the sloves tested. The variation
showed the same trend for all the sloves. A relation vag
established as follows

J

2B = teg{uo. n00. (1)0-25] (g
B gl

(F1g.3) Note thaet the curves show the variation of yB/hB

1th bed slope as well ss the wave steepness (compare

theory yp/hy = 2)

The denth at the breaking noint will help us to
fi1x the location of breaking incention (Fig.d). For
incident waves of given denth and vperiod, the breaking
devth remains almost constant for slopes Fflatter than
1 5. It was observed that for slones flatter than 1 5,
all the breaving action of the wave takes pluce shoreward
of the breaking noint. For slopes steever than 1 5, the
values of hp increases sharply due to the seaward retardation
of the breaker.

6. THE INFLUSHCE OF A SLOPTL ON LriAKER

Fi1g.(5) shows the influence of the bottom slove on
the breaking of a wave.

The reflectron coeffiacrent 1s ne~Tigibly small for
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a bed slope of 1 50, increases very slowly ti1ll a slope
of 1 5 1s reached and then increases sharnly ti1ll the
bed slope of 1 2 1s reached and is then asymptotic t111
a factor of 1 O 1s reactred for vertical walls.

bed slope of 1 5 1s reache since the reflection 1s still
very small of the order of 15,.. The small decreasing
tendency seen in the breaking depth 1s 1ndeed negligible.
For slopes steeper than 1 5 the breaking depth increases
sharply showing that the breaker 1s retarded seawards.

The breaker crest elevation ypg varies in & similar manner.

The breaking deptlk hg 13 almost constant till a
?

The variation of yp/hp 1s of interest. The theoretical
value of 2 1s never reached. The forces of reflection are
almost negligible and frictional losses are small compared
to tne slopes 1 5uU etc. For slopes flatter than 1 10
frictional losses increase. “he effect of this 1s to reduce
the potential energy growth and hence yB/hB decreases.

For n=10 to n=5, the breaking action occurs shoreward, the
waves still overcome the forces of reflection. . slight
decrease 1s registered. For n<5, hp increases sharply
due to retardation of the breaker. yn also increases but
at a slower rate. yp/hp decreases. Tge lowest value of
110 18 reached for breakine clapotrs.

7¢ THE POINT OF IMPACT

The point of impact of the breaker on the slope of
the bottom boundary can be calculated once yp and hp are
known. From the geometry of the slope (FUEHREOETER)??)

Ah = - hg + yg {’I—E:?(-J’l+gn? _4)2} 18)

The determination of the point of impact was checked
on the model. With pressure cells connected to electronic
direct recording devices (Honeywell ultraviolet light
beam oscillograph), the impact pressure variation with
respect to time 1s followed. Tmpact pressures were
recorded at 6 points at 20cm intervals along the slope
simultaneously..The maximum pressure corresponds to the
direct impact of the breaker on the slope which helps to
locate the point of impact. Comparison of the calculated
values and measured values showed Jess than 8% error. The
The deviation of the curve Ah/hyg for the slopes tested,
from the curve computed from the linear theory applicable
with reasonable accuracy for mild slopes 1is shown in Fig.(6).
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Fig.7- Test results for the slope 1:3




