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CLOSELY SPACED PILES AS A BREAKWATER 

by 

R. L. Wiegel 

One possible solution to the problem of creating an area shel¬ 

tered from wave action is the use of closely spaced piles. This possi¬ 

bility is usually considered when a pile supported pier is needed and it 

is desired to obtain double use from the structure . Theory and labora¬ 

tory studies show that this is not a practical solution* 

Consider a single row of piles of diameter D and distance be¬ 

tween piles b. As an approximation it can be assumed that the portion 

of the power transmitted past the pile structure is proportional to the 

gap portion of the pile structure: 

PT/P! = b/(b + D) 

where Pt is the power transmitted past the structure and Pi is the 

power transmitted by the incident waves . The wave height is propor¬ 

tional to the square root of the wave power, so 

Ht/H! = YPt/pT = Yb/(b+ D) 

where Hj is the transmitted wave height and Hi is the incident wave 



height. 

As an example, if a row of 14 inch diameter piles were placed 

with 10 inches between piles the transmitted wave height would be 63% 

of the incident wave height. If the same piles were placed with only 

3 inches between them the transmitted wave height would be 42% of 

the incident wave height, and if the space were reduced to only 1-1/2 

inches, the transmitted height would still be 31% of the incident wave 

height. A 1:12 scale model study by the author showed the values of 

Ht/Hj of 0.83, 0.53, and 0.43, respectively for these pile arrange¬ 

ments . It is believed that diffraction effects are responsible for the 

fact that the measured transmitted wave heights were nearly 25% 

greater than the simple theory predicts. Tests made with the line of 

piles at a 45 degree angle with the waves showed this to be less effec¬ 

tive as a breakwater than when the line of piles was normal to the di¬ 

rection of advance of the incident waves . 

The phenomenon is more complicated when the pile array con- 

sists of more than one row of piles . The second row of piles trans¬ 

mits a portion of the wave power that gets through the first row of 

piles and reflects a portion of the power, the relative amounts de¬ 

pending upon the geometry of the array. The reflected portion is par¬ 

tially transmitted back through the first line of piles and partially re¬ 

flected by it, but with a phase lag between this and the original wave. 

This wave is then partially transmitted through the second pile line 

and partially reflected again, with a phase shift from the original 
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transmitted and reflected waves, etc. In addition, a portion of the 

energy is dissipated by skin and form drag. 

Costello (1952) made a laboratory study of several arrays of 

piles, Fig. 1. The number of piles used in experimental set-up (b) 

is the same as in (a) and (c) although the number of rows of piles in 

the direction of wave advance is only one half that in (a) and (c). For 

a given number of piles, there does not appear to be any appreciable 

difference in the effect of the various array configurations upon the 

effectiveness of the structures as a breakwater . It can be seen that 

the steeper the wave (the greater Hj/L, where L is the incident wave 

length) the lower is the transmitted wave height, all other factors 

being the same. It is evident that such an array is not effective as a 

breakwater. 

The use of a row of closely spaced piles appears to be illu- 

sionary as a relatively cheap breakwater, as is also the case for a 

vertical thin barrier extending from the bottom up to a short distance 

beneath thife water surface (Wiegel, 1960). Furthermore, it is ineffec¬ 

tive for the same reason--namely, that the wave height is propor¬ 

tional to the square root of the wave power. Thus, if a structure per-’ 

mitted only 4% of the wave power to be transmitted it would transmit 

a wave 20% as high as the incident wave. 

Costello, R. D., Damping of water waves by vertical circular cyl ¬ 
inders, Trans. Amer. Geophys . Union, Vol. 33, No. 4, pp 513- 
519, Aug. 1952. 

Wiegel, R. L., Transmission of waves past a rigid vertical thin 
barrier, Jour. Waterways and Harbors Div., Proc . ASCE, Vol. 86, 
No. WW1, pp. 1-12, March 1960. 
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FIGURE 
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RELATIONSHIPS AMONG INITIAL WAVE STEEPNESS, 

PILE ARRAY AND WAVE ATTENUATION. 

(After Costello, 1952) 
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