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1.0 INTRODUCTION

On large rivers like Indus and Chenab the dis-
tance between flood containing levees is quite large
(as much as 12 miles at some places). The depth of flood
spills is also considerable during monsoon season.Quite
servere wind storms are also experienced in this season.
The high velocity winds generate substantially high
waves which damage the bund slopes.

This note is an effort to explain the mechanics
of wave damages and propose possible remedial measures.

2.0 WAVES

Waves are generated in water by artificial or
natural disturbances like explcqlcns, moving shins, tides,
earth-cuaks and winds,.Only a few decades aao the Civril
Engineer's wave analvsis tool-kit comprised little mc-~
than stevenson's empirical formulae. Since Worli War 1I
the knowledge about wave behaviour has advanced considera-
bly, speciilly about the deep water waves ef‘fec*“inq the
desian ani construction of Mari-—time structurc

The major theories discussing the wave beha-
viour are introduced briefly in the following paragravhs.

1) G.B.Airy advanced the theory of small ampli-
tude waves.

_ £ ﬂﬁIJt} - Direction of rotion .
i : N (%, - . Mean water
/Tf\ _/T N fa=2a__level X
3 L S S i, S

Bottom, 2= -h

Fig =1 Small amplitude wave,systen,definition sketch.

*- Pxecutive Fngineer, Shujabad Canals Division,
Irrigation & Power Department, Multan
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The above sketch reprasents a small amplitude
wave..  In this flgure N

h = distance-fram mean water level to bottom.
q{x,t}_= - instantaneous wvertical displacement of water
- surface above mean water level.
e = wave amplitude : :
H = " wave height = 2 g for small amplitude waves
L = wave length or distance between any two
: corresponding positions on successive waves.
T = wave period, time interval required for ’
motion to reoccur at a given fixed point.
c = velocity of wave grepagatlnn {phase velﬂcltyj
= Lf” also termed as celerity."”
K. = wave number = 2 [/L
g = wave angular frequency = 2 A/T

The énalysis.of this wave form yields

¢t = g : :
¥ tan h (kh) and
2

L =9 tan n 20N
7 L

L

wave classification accoralnq to relatlve denth
appears in the following table =

Range of
h31 o Range of . _
kh = 211 h/L Types of waves
Dt 172 - ° O to: W "Shallow water" _
- 8 waves (long waves)
1/2 to = m to o ' "deen watér" waves

(short waves)
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Rﬂplaﬁing the hyperbolic functions in the
earlier equations by their Asymptotes we have:

c? =% tan h kh

for shallow water conditioﬁs,

tan h kh = kh

Therefore C2 = gh -- (shallow water
For deep water conditions

tanh kh =1

and so, for deep water
2 g
g, =2
o k°
wherein
Kﬁ = %—E or
° L
" g’h X T=3 ana
-
Ln 2T ¥
Te= 2c

g

The a%qve relations can also be expressed as
Co T %F T 5.12 T 2.26 (L)

2 2
La = 5,12 T = 0.195C

2TC _ 5,195 C = 0.442 (L)*

&8 T =

The wave energy can be expresse& as average .
patential anergyfunit area = I

and kinetic energy/unit area = I—%—— .
Y a

2

Thus total wave energy/per unit area =
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Where:-
¥ = Specific waight = pg
¢ = Density = mass/unit volume = g—
¢t = amplitude of the wave
=B o Height of wave
2
2
or Et = YH2
g8
5 | The Standing Wave

When a wave encounters a vertical cbstruction
it gets reflected and its inter-action with another
progressive wave results into a wave of double the
amplitude of incident wave. :

The form of standing waves may vary but they
appear to remain in the same position.

2.2 Finite amplitude wave theories

2.2.1 Stokes Wave Theorv

Stokes presented his second order theory for
waves of finite amplitude in a series form which is
convergent for deer waler conditions, improving upon the
small amplitude -theory by Airy. This paved the way for
even higher order theories.

-1

! «Sine curve
/,—P% Stokian prof 1]}/‘_\
1 ) . r"!
| Xhﬁth‘?_ﬁdéﬁfﬁﬁ _ﬁxhﬂah_
Fig.( r7) Comparison of Stokian & small amplitude profiles.

H
In deep water if terms involvinco {——r'33 and
higher powers are neglected from Fourier series relatinc
to this analysis, we have:-
<

gL .".2 12
Calily | g}

Where

l

Wave celerity
Wave height
Wave length,

I

(]

c
H
L
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As H/L increases the crest tends to steepen and
trough goes flatter than that of Airy wave, thus raising
the median height. The particle orbital wvelocities have
a superimposed forward drift of mass transport which is
depicted by:-

r2H? M YL

U="71g

Relationships for particle velocities and wave
forms become quite complex and for deep water it is
usually satisfactory to adopt the simpler trochoidal
theory.

2.2,.2 Breakino of Vaves

For any water depth and wave period there is a
limit to stable wave height, beyond which the wave be-
comes unstable and breaks,

Stokes maintained that the particle velocity
in the wave crest is equal to wave celerity in stable
conditions. If the wave height increases, the particle
velocity will also increase and exceed celerityv and the
wave would then “topole over" or "Spill".

At this stage the crest angle 6 = 120°

The wave steepness [EE
L
gh _ o

Crest angle at max stéepness = 120

) = 0,142

Where Lob = Breaking wave length in deep water.

Michell further calculated
Lﬂh
Lo
While Yo = —2- n2

2T
and Hy,

condliRt BN ¢ Y - 1 L

72

= 1.2

The value i {for breakins teo occur)

Varies between 0.73 (Laitone) .; 0.87 (Chapplear)
but the figure given by McCowan Eh. =0,78
h
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is agree& to by most resasreciers and Reid and Bretshneider
have also produced a granhi-al reoresentation for a break-

ing wave index curve.

2.2.3 Berstener's Trochoidal Wave

The surfface form of a Gerstener wave 1is a
Trochoid, that is the path of a peoint on a disc

whose circumference rotates along a straight line.
L=WAVE LENGTH
Direetion of Wave Prcpaqat}cn

=t1111\atxr Ievélf
Flg.IlI Partlcle.\“ﬂ—-ﬂff

at surface of wave in deep ¢
water rotatesBGttom |
in a circle ) f

Considering a disc of Radius =*Eﬂ; = K

rolling along a horizental liqe : the wave surface is the

locus of a point at a radius 15._where H is wave height.

<3

For these waves:-

& Il oM
€ = 2 w}
, ; ; H 2
& ¥ = (Radius of particle orbit) = e wv/L
2 ( = H)2
H L 45

and Ek = EP { 1- ; )3

There are some more thec: 3 like Keulegan and

patterson's Cnoidal wave,Scot Russel and Boussinesq's
solitary wave theory and a couple more numerical theories

Celerity of a Solitary wave = { +:;r|'.’!ri+?t'1'j}!Ei
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. Although a lot of work has been done both in
America and Eurcope but no theory is so fully developed as
to cater for complete range of wave forms. All the
theories have limited applications in certain specific
areas and some errors have to be accepted.

250 GENERATINM OF WAVES

Waves are generated in water by artificial and
natural disturbances like explosions moving ships,tides,
. earth-guaks and winds.For us, the wind generated waves
are of real conseguence and great importance because
these are the ones which cause serious damages to
river bunds during wind storms in floods.

3.1 - Wind Generated Waves

These waves are generated by the transfer
of ‘energy from air moving over the water surface. The
energy transfer is effected through tangential stresses
developing between air and water due to excessive wind
velocitv and the water surface reacting to varying pres-
sure in the air stream blowing past the water surface.

The development of the theory of generation of

" wind waves is at present at an interesting stage. Although
the mechanism is not yet fully understood, certain gene-
ralization can be made regarding the generation of waves
in deep water:-

a) - 2 minimum wind velocity is reguired to cause
surface waves (3 ft/second (lm/Sec) measured
at a height of about & ft {2m) above still
water level.

k) . 2 spectrum of maximum levels of wave energy

" -~ in specified narrow ranges of wavé period
will be associated with a given wind velocity,
the wave period and height tending to increase
with increasing wind.

o S The "fully developed" condition of point(b)
' reguires the wind to blow over the area of

=
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developing waves for a =e-tair minimum period;
the stronger the wind, the loncger is the
period. Full development may be prevented on
account of limited duration of exposure of the
wave to the wind and this may be caused by a
limited travel of the developing wave.

The most recent theory has been proposed by
phillips. This improves upon the earlier theories by
Helmholtz, jeffreys, and Sverdrup and Munk. Where as
Sverdrup and Munk consider that the wind is constant in
velocity in order to develope their theory, Phillips con-
siders the fact that the wind is rapidly fluctuating about
some mean value. It is very true that winds blowing over
water do not consist of streams of air in steedy and
uniform motion but rather of an irregular series of
"puffs" and "lulls" carrying eddies and swirls distribu-
ted in a disordered manner. The atmospheric eddies, or
random velocity fluctuations in the air, are associated
with random stress fluctudtions on the surface; both
pressure {i.e. normal stresses) and tangential stresses.
The eddies are borne forward bw the mean velocity of the
wind, and at some time they develop, interact, and decay,
so that the associated stress distribution moves across
the surface with a certain convection velocity dependent
upon the wveloecity of the wind, and also evolves in time
as it moves along.

.These pressure fluctuations upon the water
surface are responsible for the early generation of waves.
The tangential stress is not considered, but phillips
states in some cases that the shear stress action might
not be negligible, The theory is in agreement with wave
observations during the early stages of generation,but
as C/U approaches unity there are other wave generating
procegses to take into account, such as sheltering and
the effects of variation in shear stressses. Although
" this theory tends to an under-estimation of wave heights
for C/U close to unity, it may be considered as a great
advance in wave generation theory in scofar as the
initial birth and growth of waves are concerned.
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All the above mentioned theories are useful in
attempting to understand the mechanism involved in the
genaration of waves. They are also useful when formulating
empirical wave forecasting relationships.

4.0 FORECASTING,WAVE HEIGHET AND LENGTH

The parameters of a wave for a particular leo-
cation depend on the Fetch of water, Direction,Duration
and Velocity of the Wind responsible for wave generation.

Thomas Stevenson in 1864 established the follow
ing empirical formulae for wave forecasts

1) H= l.S{F]D'5 ---------- (A) For 'F' greater than 30
Nautical Miles
H= 1.5(?10'5 + 2.5-(E]n'23—--{31 For "F' less than

30 Nautical Miles.

The above relations were developed from obser-
vations on lakes and checked on North Sea. They do not
include the wind velocity Variable and cater for only
the maximum wvelocity.

Captain Gaillard of U.S.Army Corps. of
Engineers reported some cbservations on the height of
Ocean Wave in supporting Stevenson's formulae. D.A.
Molitor modified Stevenson's formulae to include the wind
velocity as below:-

0.
H = 0.17 (ur) Pl e {C) for'F'greater than 20
Statute Miles.
B =0.17 (0M°°° +2.5 - (7)?*5———(D)
where U = Wind velocitv (Miles per Hr)
F = Fetch Statute Miles
H = Wave Height in feet.

The ratic of wave lenath to height depends on
the wind velocity, duration of the storm, depth of water,
and character of the bottom.According to observations
made by Captain Gaillard, the ratic L/H for inland lakes,



