Impacts of disasters on coastal
environments
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Irregular Waves
The objective 1s to describe statistical methods for analyzing 1rregular
waves (wave systems where successive waves may have differing
periods and heights) which are more descriptive of the waves seen in

nature.

In looking at the sea surface, it 1s typically irregular and three-
dimensional (3-D). The sea surface changes in time, and thus, it is
unsteady. At this time, this complex, time-varying 3-D surface cannot
be adequately described 1n its full complexity; neither can the
velocities, pressures, and accelerations of the underlying water
required for engineering calculations.



not of purely sinusoidal inM/
purcly p




wave systems. A complete 3-D representa es
requires considering the sea surface as an irregular wave train
with random characteristics. To quantify this randomness of
ocean waves 1t 1S necessary to employ statistical and
probabilistic theories. Even with this approach, simplifications
are required. One approach 1s to transform the sea surface using
Fourier theory into summation of simple sine waves and then to
define a wave’s characteristics 1n terms of its spectrum.

The second approach is to describe a wave record at a point as a
sequence of individual waves with different heights and periods
and then to consider the variability of the wave field in terms of
the probability of individual waves.







bottom and with structures.

The simplest wave theory 1s the first-order, small-amplitude, or

Airy wave theory (linear theory). Many engineering problems
can be handled with ease and reasonable accuracy by this

theory. For some situations, simple theories provide acceptable
estimates of wave conditions.

When waves become large or travel toward shore into shallow
water, higher-order wave theories are often required to describe
wave phenomena. These theories represent nonlinear waves.



crmed the direction of wave propagatio
A progressive wave 1s called wave permanent form if it
propagates without experiencing any change in shape.




wells refer to waves tha
area. In general, swells are more regular waves with well-
defined long crests and relatively long periods.

The growth of wind-generated oceanic waves 1s not
indefinite. The point when waves stop growing 1s termed a
fully developed sea condition, seas are short-crested and
irregular and their periods are within the 3- 25 s range. Seas
usually have shorter periods and lengths, and their surface
appears much more disturbed than for swells.

Waves assume a more orderly state with the appearance of
definite crests and troughs when they are no longer under the
influence of winds (swell).
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A progressive wave may be represente riables x
(spatial) and ¢ (temporal) or by their combination (phase),
defined as 6 = kx - wt, where k and w are described 1n the
following. The values of 6 vary between 0 and 2m.

The previous figure depicts parameters that define a simple,
progressive wave as 1t passes a fixed point in the ocean.

A simple, periodic wave of permanent form propagating over a
horizontal bottom may be completely characterized by the wave
height A, wavelength L and water depth d.







wave celerity C = L/T = w/k, the w
relative depth d/L, and the relative wave height t H/d.

These are the most common parameters encountered 1n coastal
practice. Wave motion can be defined in terms of
dimensionless parameters H/L, H/d, and d/L; these are often
used 1n practice.

The dimensionless parameters ka and kd, preferred in research
works, can be substituted for H/L and d/L, respectively, since
these differ only by a constant factor 2 from those preferred
by engineers.




