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APPENDIX A

ESTIMATION OF WAVE HEIGHT IN SURF ZONE
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A.1
GENERAL

This Appendix describes a method of estimating the wave height for random wave breaking in surf zone developed by Goda.  For more details of wave breaking, reference should be made to Goda (2000) and BS 6349:Part 1 (BSI, 2000).

A.2
EQUIVALENT DEEPWATER SIGNIFICANT WAVE HEIGHT

The analysis of wave transformation is often facilitated by the concept of equivalent deepwater wave.  It is a hypothetical wave devised to account for the effects of refraction, diffraction and bottom friction on the deepwater wave.  This device is useful for physical model tests using wave flumes of uniform width, which have difficulty in reproducing the complicated real seabed.  Using the equivalent significant deepwater wave height to cater for these processes, model tests can be carried out with straight and parallel seabed contours.

The equivalent deepwater significant wave height is related to the deepwater significant wave height as follows and is used in the Goda’s method of wave breaking :


Ho’ = Kr*Kf*Kd*Ho
Where
Ho’ is the equivalent deepwater significant wave height.


Ho is the deepwater significant wave height.


Kr is the coefficient of random wave refraction.


Kf is the coefficient of random wave attenuation due to bottom friction.


Kd is the coefficient of random wave diffraction.

The above formula implies that the deepwater wave height is adjusted to account for the change due to wave refraction, diffraction and attenuation due to bottom friction.  The effect of shoaling is not included in the evaluation of Ho’.

The period of the equivalent deepwater wave is generally regarded as being equal to the deepwater significant wave period, but in reality the significant wave period may vary during wave propagation, as in the sheltered area behind a breakwater.

A.3
REGION OF BREAKING WAVES

Goda has developed design chart which relates the shoaling coefficient with the equivalent deepwater steepness, the slope of seabed and the relative water depth as shown in Figure A1.  The figure presents the shoaling coefficient including the finite amplitude effect during wave propagation toward the shore.  The shoaling coefficient given in the upper right corner of the figure corresponds to water of relative depth d/Lo greater than 0.09 (d : water depth, Lo : deepwater wavelength) and is the same as the value of the shoaling coefficient for small amplitude waves.  Lo may be estimated from the following formula :



[image: image1.wmf]2

2

o

1.56T

2

π

gT

L

=

=


The dotted lines in the figure for the seabed slope demarcate the regions of wave breaking and non-breaking.  When the intersecting point of the relative water depth (d/Lo) and equivalent deepwater steepness (Ho’/Lo) falls in the region of the dotted lines, the structure will be subject to the action of breaking waves.

Where the wave height (at a certain water depth outside the surf zone) computed from a mathematical wave model has included the effect of shoaling, refraction, diffraction and bottom friction, the equivalent deepwater wave height Ho’ may be approximately determined by dividing the computed wave height by the shoaling coefficient at that water depth outside the surf zone shown in the upper right corner of Figure A1.

A.4
WAVE HEIGHT IN SURF ZONE

The variation of wave height within the surf zone can be estimated from the following formulae derived by Goda :

	If d/Lo≧0.2,
	(1)
H1/3 = KsHo’

(2)
Hmax = 1.8KsHo’


	If d/Lo<0.2,
	(1)
H1/3 is the minimum of the following :

· H1/3 =λo Ho’+λ1 d
or
· H1/3 =λmax Ho’
or
· H1/3 = KsHo’



	
	(2)
Hmax is the minimum of the following :

· Hmax =βo Ho’+β1 d
or
· Hmax =βmax Ho’
or
· Hmax = 1.8KsHo’


The coefficientsλo, λ1, λmax, βo, β1 andβmax are given by the following expressions :

	Coefficients for H1/3 :
	λo = 0.028(Ho’/Lo)-0.38exp(20tan1.5θ)

λ1 = 0.52exp(4.2tanθ)
λmax = max {0.92, 0.32(Ho’/Lo)-0.29exp(2.4tanθ)}



	Coefficients for Hmax :
	βo = 0.052(Ho’/Lo)-0.38exp(20tan1.5θ)

β1 = 0.63exp(3.8tanθ)
βmax = max {1.65, 0.53(Ho’/Lo)-0.29exp(2.4tanθ)}

where
θ denotes the slope of the seabed.


max {a, b} denotes the larger value of a or b.


exp represents the exponential function.


Alternatively, the wave heights may be estimated from the charts in Figure A2 for bottom slopes of 1/10, 1/20, 1/30 and 1/100.  Each chart contains a dash-dot curve labelled “Attenuation less than 2%”.  In the zone to the right of this curve, the attenuation in wave height due to wave breaking is less than 2% and the wave height can be estimated from the shoaling coefficient given in Figure A1.

The formulae can give estimated wave heights differing by several percent from those obtained from the graphs.  In particular for waves of greater gradient than 0.04 in the water depth whereλoHo’+λ1d =λmaxHo’, differences can exceed 10% with a similar difference for Hmax.  There can also be a discontinuity in Hmax at d/Lo = 0.2.

It should be noted that it may be safer to use the wave height at the depth of about 0.5Ho’ for structures located in the shoreline area with water depth shallower than such depth for estimation of wave force and action on the structures.

A.5
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