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Wave front - A curve in the horizontal plane through adjacent crest points.

Wave orthogonal/ray – Path perpendicular to the wave fronts at every point.
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Wave refraction is the bending effect of 

wave crest (wave front) in order to align 

with bottom contours as waves are moving 

over different depths. 

The wave ray becomes more perpendicular 

to the shore.

https://www.kindpng.com/imgv/hRwowoi_wave-refraction-headland-and-bay-hd-png-download/



At deep water (d/L > 0.5):

• The wave celerity (Co) is constant.

At intermediate depths (d/L < 0.5):

• The wave crests bend. 

• o reduce to .

• o is the angle between wave crest and bed 

contour OR between the orthogonal and a 

normal to the bed contour.
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Snell’s Law:



Table C-1 (Shore Protection Manual, 1984)
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The amount of reduction or amplification of waves due to refraction 

depends on:

• bathymetry

• the initial angle of approach

• wave period



Where there are points or promontories projecting into the 

sea, wave fronts on both sides turn toward the point. A 

greatly increased amount of wave energy will be focused 

toward the point, and will tend to wear it away over time.

Wave convergence or divergence, which is 

determined by the shape of the bottom 

topography, causes energy to be 

concentrated or spread out. 













https://youtu.be/E9UJjdlTQQI



Wave refraction analysis provides:

• Pattern of wave transformation from 

deepwater to shallow water.

• Determination of the near-shore wave 

properties and the energy distribution along 

the coast.

https://twitter.com/pickmeupal/status/460442008843468800



Consider  the principle of energy conservation, the power 

transmitted forward between the two orthogonal is assumed to be 

constant, so that:
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Kr = Refraction Coefficient

If Kr = 1 (No refraction), Ks = H/H’o



Refracted wave height, H is given by

Ho =  Refracted deepwater wave height

Ks =  Shoaling coefficient

Kr =  Refraction coefficient 'o
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A wave in deep water has the following characteristics:

H
o

= 3 m, T = 8 s, m = 0.02 and 
o

= 30o

Calculate refracted wave height in 10 m of water depth.
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Determine .

Lo = 9.81 x 82/[2 x 3.142] = 99.91 m

d/Lo = 10/99.91 = 0.1000

d/L = ?  (SPM, Table C-1) 
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sin /sin 30o = 0.7093

 = 20.77o

o

ooo
r

H

H

B

B
K

'

sin1

sin1

cos

cos 4

2

0

2

1

=








−

−
===









Determine Kr

Kr = [cos 30o/cos 20.77o]0.5 = 0.9622

d/L = ?  (SPM, Table C-1)

d/L = 0.1410

L = 10/0.1410 = 70.92 m
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H = 0.9327 x 0.9622 x 3 = 2.69 m
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When a wave hits a vertical, impermeable, rigid surface wall, ALL of the wave 

energy will essentially reflect from the wall.

Reflection in front of the seawall at Port Cawl, UK



The water surface of the incident wave is given to a linear approximation by
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and the reflected wave by
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Wave motion in front of a perfectly reflecting vertical wall subjected to monochromatic 

waves moving in a direction perpendicular to the barrier can be determined by 

superimposing two waves with identical wave numbers, periods and amplitudes but traveling 

in opposite directions.

Hi

Hr



Consequently, the water surface is given by the sum of i and r. 

Since  Hi = Hr , 
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This equation represents the water surface for a standing 

wave or clapotis which is periodic in time having a maximum 

height of 2Hi





https://youtu.be/E9UJjdlTQQI



https://youtu.be/1EleV3tgF20



The degree of wave reflection is defined by the reflection coefficient, Cr
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Cr >   1         Total reflection

0 < Cr < 1      Partial reflection

Cr =   0         No reflection

where Hr is the reflected wave heights, and Hi is the incident wave height



Cr = 1:

• At nodes, water particle motions are horizontal and all of the wave energy is kinetic energy.

• At antinodes, water particle motions are vertical and all of the wave energy is potential 

energy. 



Cr < 1:

• When the reflection coefficient is less than unity, the water surface envelope develops.

• As the reflection coefficient decreases toward zero, the water surface profile and water 

particle path changes toward the form of a normal progressive wave.



The reflection coefficient for a reflective object depends on the slope angle θ, surface 

roughness, porosity and the incident wave steepness Hi/L. 

Wave reflection is a function of the Iribarren number (Battjes 1974):
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 θ =  the angle the slope from the horizontal

Hi =  the local incident wave height 

L0 =  the deepwater wavelength



The reflection coefficients for most structure forms can be given by the following:

where the values of coefficients a and b depend primarily on the 

structure geometry and the wave type (i.e. monochromatic or 

irregular). 
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A wave in deepwater has a height of 1.8 m and a period of 6 s. It 

propagates towards shore without refracting or diffracting to reflect from a 

rubble-mound breakwater located in water 5 m deep. The breakwater slope 

os 1:1.75. Find the height of the reflected wave.



Given:  H0’ = 1.8 m;      T = 6 s;      d = 5 m;     θ = tan-1 (1/1.75)  = 29.74o

L0 = gT2/2 = 56.21 m 

d/ L0 = 5/56.21 = 0.0890

From Table C-1:  d/L = 0.1313 (transitional water);    H/H0’ = 0.9433

[Note: H = the local wave height at d = 5 m]

H = 0.9433  1.8 = 1.6979  m = 1.7 m
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When the reflecting slope becomes very flat, the incident wave will break on slope. This 

causes increase in energy dissipation and decrease in reflection coefficient. Thus, beaches are 

generally very efficient wave absorbers, particularly for shorter period wind waves. 

Seelig and Ahrens (1981) suggest that a = 0.5 and b = 5.5 be used for beaches. Since the 

slope angles are small, the Iribarren number Ir will be relatively small, yielding relatively low 

reflection coefficients.
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Based on a compilation of measurements 
from several sources, Seelig and Ahrens 
(1981) developed the curves used to 
obtain a high estimate of Cr for:
(a) smooth slope
(b) sand beaches
(c) rubble-mound breakwaters

The curves show Cr decreases as 
either
(a) the wave steepness increases, 
or
(b) the slope angle θ decreases
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Problem 2: Solution
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0.29

CR

Q(a)

1.77



CR < 0.01

CR

Q(b)

0.18





Solution - Problem 3



0.29

CR




