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Submerged Breakwater Tests 
 

 

1. Overview 

 Small-scale wave tests were conducted at Oregon State University in December 1996.  

The prototype structure is a shore parallel submerged offshore breakwater in 8 feet of water.  The 

breakwater is constructed of two rows of 96 inch A-Jacks placed in a regular pattern.  A model 

submerged breakwater consisting of two rows of 8 inch model A-Jacks was constructed in the 

wave flume.  This structure was exposed to a variety of wave conditions at three water depths.  

The incident, reflected, and transmitted waves were measured from which the wave transmission 

coefficients were determined.  Transmission coefficients corresponding to three prototype depths 

are summarized in Table 1. 

 
Table 1  Measured transmission coefficients. 

Depth 
(ft) 

Transmission 
Coefficient 

3.0 0.1 – 0.3 

6.0 0.2 – 0.4 

7.5 0.2 – 0.6 

 

 

2. Wave Tank Description 

 The wave channel is located in Graf Hall at Oregon State University.  This Plexiglas 

channel is 42 feet long, 24 inches wide, and 24 inches high.  The wavemaker is a hinged flap-

type extending over the full water depth.  The wavemaker is driven by an electric motor with a 



 

Submerged Breakwater Tests  3 of 15                                                    December 1996  

variable speed controller.  The usable range of wave periods is 0.5 to 3.0 seconds. Wave heights 

are varied by manually changing the stroke of the wavemaker.  The maximum wave height that 

can be generated in the wave tank is approximately 6 inches. The wavemaker is only capable of 

generating simple periodic waves, and has no mechanism to cancel reflected wave energy.  Wave 

energy dissipaters were installed at the end of the wave flume to reduce wave reflections. 

 Because the water depths at the location of the structure are shallow, waves were 

generated in deeper water and shoaled to the depth at the structure.  This insures that maximum 

wave conditions for the water depth at the structure can be generated.  Figure 1 shows a sketch of 

the wave channel with a false bottom test section installed.  The depth at the wavemaker is 

denoted hwm and the depth at the location of the structure is hs.  The depth increases at a slope of 

1V:10H from hwm to hs. 

 

3. Model Description 

 Model A-Jacks armor units were constructed from a sand-cement grout.  These model 

units were slip-formed, allowed to cure, and then attached together using cement grout.  Figure 2 

shows two of these model A-Jacks armor units.  This fabrication technique, for such small units, 

tended to yield rather rough looking armor units with a loose fit at the connection between the 

two halves.  However, in no case did a failure occur at the connection when using the cement 

grout.  The model A-Jacks armor units were 8 inches long and were 1.25 inches thick.  This gives 

a waist ratio of r = 1/6.4.  The length of the fillets was 5/8 inch.  This gives a fillet ratio of  a = 

0.5.  The average dry weight of the A-Jacks armor units was 2.5 pounds. 



 

Submerged Breakwater Tests  4 of 15                                                    December 1996  

 The submerged breakwater was installed in the shallow test section.  The A-Jacks were 

placed directly on the plywood false bottom.  No bedding layer or geotextile was used.  The 

submerged breakwater was constructed as two rows of interlocking A-Jacks.  The A-Jacks were 

placed in the regular placement pattern.  Figures 3 and 4 show the model breakwater.  A-Jacks at 

the wall of the wave channel were cut to match the wave channel width. 

 

4. Wave Conditions 

 All tests were conducted using simple periodic waves.  Wave periods ranged from 0.5 to 

1.0 seconds.  Incident wave heights measured in the wavemaker depth (which included breaking 

wave cases) varied from 1.2 to 4.7 inches.  Offshore depths of hwm = 11.25, 14.25, and 15.75 

inches were examined.  The corresponding structure depths were h8 = 3, 6, and 7.5 inches. 

 Incident and reflected wave heights were determined using the wave envelope method.  A 

resistance-type wave gauge was mounted on a cart which could be moved slowly along the axis 

of the wave channel as the test was conducted.  Measuring the water surface elevation in this 

manner reveals the modulation of the wave envelope due to the reflected wave.  (A wave 

envelope is shown in Figure 5.)  The incident wave height is calculated as 1/2 of the sum of the 

envelope maximum and minimum, and the reflected wave height is 1/2 of the difference between 

the maximum and minimum. 

 A difficulty occurs in the wave envelope method when the wave periods become long.  

As wave periods increase, wave lengths also increase and it becomes difficult to measure a 

sufficient number of waves to define the wave envelope, before multiple wave reflections in the 

tank contaminate the measurements.   For this reason, periods greater than 1.0 seconds were not 
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used in this set of experiments.  The incident wave heights were also measured using a stationary 

resistance wave gauge.  This instrument provided an independent check on the values obtained 

from the wave envelope method.  Transmitted waves in the lee of the structure were measured 

with a stationary resistance wave gauge.  Wave gauges were re-calibrated at each water depth.  

The calibration coefficients remained linear throughout the tests. 

 

5. Test Procedure 

 The experimental procedure was to begin by first generating a sequence of small waves, 

then gradually increasing the wave period sequences as the tests progressed.  Each wave 

condition was repeated three times to obtain redundancy in the measurements.  In total, 54 tests 

were conducted.  Table 2 summarizes the wave conditions for all tests.  This includes the depth, 

wave period, incident wave height, reflected wave height, and transmitted wave height for all 

wave cases.  Figures 6, 7, and 8 show waves propagating down the tank toward the submerged 

breakwater for the three water depths examined.  There was no motion of the A-Jacks armor 

units under any of the wave conditions. 

 

6. Wave Reflection and Transmission 

 Reflected waves were measured using the envelope method.  The reflection coefficient is 

defined with respect to the incident wave height as 

Kr = Hr  / Hi 

in which Kr is the reflection coefficient, Hr is the reflected wave height, and Hi is the incident 

wave height.  This is a straight-forward computation because the incident and reflected waves 
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were measured in the same water depth.  The transmitted waves were measured in the lee of the 

structure in shallower water.  Because the depth is different, the transmission coefficient was 

calculated using energy flux.  The transmission coefficient Kt is the ratio of the transmitted wave 

height to the incident wave height (including the depth correction). 

 Figure 9 shows the reflection coefficient for the three water depths, and Figure 10 shows 

the transmission coefficient.  The coefficients are plotted as a function of the dimensionless 

water depth, hs / Lo, in which Lo is the deep water wavelength 

Lo = g T2 / π 

g is the acceleration due to gravity, and T is the wave period.  As expected, the transmission 

coefficient tends to be lower for shallow depths.  For the shallow depth, transmission coefficients 

are around 0.2.  They tend to be lower for the shorter waves (larger hs / L o) and increases for the 

longer waves.  For the intermediate depth conditions, the transmission coefficients are in the 

range of 0.2 to 0.4.  The largest values occur for long waves.  For the deepest depth, transmission 

ranges from 0.2 to 0.6. 

 

 

7.  Prototype Scale 

 The model A-Jacks had a length of 8 inches.  The prototype A-Jacks being considered 

have a length of 8 feet.  Therefore, the model scale is λ  = 1/12.  In surface waves, gravity is the 

primary restoring force, so it is appropriate to use Froude similitude to scale the model results to 

the prototype scale.  The scaling ratios for length and time are 

length:  Lm =λ  Lp           time:   Lm = λ 1/2 Tp 
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 Three water depths were examined corresponding to prototype depths of 3, 6, and 7.5 

feet.  When an A-Jacks sits on three legs in its normal position, the vertical distance from the 

base to the top of the A-Jacks is approximately 75% of the A-Jacks length.  Therefore, for the 8 

foot prototype A-Jacks, these depths correspond to 50%, 100%, and 125% of the height of the A-

Jacks breakwater.  Wave heights tested correspond to prototype wave heights from 1.2 to 4.7 

feet.  The periods ranged from 1.7 to 3.5 seconds. 
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Figure 1  Cross-section of wave channel with false bottom. 

 

 

 

Figure 2  Model A-Jacks. 
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Figure 3  A-Jacks breakwater. 

 

 

Figure 4  A-Jacks breakwater. 
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Figure 5  Typical wave envelope. 
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Figure 6  Shallow depth conditions. 

 

 

 

Figure 7  Intermediate depth conditions. 

 

 

Figure 8  Deep depth conditions. 
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Figure 9  Measured reflection coefficients. 
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Figure 10  Measured transmission coefficients. 
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Table 2  Measured waves and water levels. 

Run hs (in) T (s) Hio (in) Hro (in) Hto (in) 

1 2.875 0.490 1.440 0.700 0.327 

2 2.875 0.490 1.354 0.801 0.218 

3 2.875 0.490 1.269 0.450 0.327 

4 2.875 0.580 2.013 0.705 0.437 

5 2.875 0.580 1.887 0.478 0.437 

6 2.875 0.580 2.021 0.679 0.437 

7 2.875 0.680 3.351 0.206 0.429 

8 2.875 0.680 3.401 0.308 0.537 

9 2.875 0.680 3.377 0.206 0.537 

10 2.875 0.820 3.018 0.160 0.720 

11 2.875 0.820 3.146 0.319 0.617 

12 2.875 0.820 2.901 0.372 0.669 

13 2.875 0.880 2.508 0.243 0.655 

14 2.875 0.880 2.639 0.296 0.756 

15 2.875 0.880 2.547 0.296 0.705 

16 2.875 1.020 1.936 0.164 0.576 

17 2.875 1.020 2.033 0.246 0.480 

18 2.875 1.020 1.836 0.274 0.528 

19 5.750 0.490 1.433 0.525 0.514 

20 5.750 0.490 1.667 0.600 0.617 

21 5.750 0.490 1.467 0.500 0.617 

22 5.750 0.580 2.070 0.551 0.477 

23 5.750 0.580 1.903 0.426 0.530 

24 5.750 0.580 1.936 0.501 0.371 

25 5.750 0.680 3.032 0.404 0.544 

26 5.750 0.680 2.931 0.328 0.490 

27 5.750 0.680 2.695 0.253 0.435 

28 5.750 0.820 4.175 0.313 0.711 

29 5.750 0.820 4.036 0.417 0.984 
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30 5.750 0.820 4.210 0.391 0.656 

31 5.750 0.880 3.828 0.342 0.761 

32 5.750 0.880 3.793 0.421 1.032 

33 5.750 0.880 3.758 0.237 1.304 

34 5.750 1.020 3.214 0.352 1.380 

35 5.750 1.020 3.394 0.596 1.220 

36 5.750 1.020 3.538 0.325 1.539 

40 7.188 0.580 2.335 0.589 0.551 

41 7.188 0.580 1.996 0.589 0.490 

42 7.188 0.580 2.056 0.648 0.612 

43 7.188 0.680 3.193 0.118 0.567 

44 7.188 0.680 3.151 0.444 0.378 

45 7.188 0.680 2.943 0.266 0.504 

46 7.188 0.820 4.737 0.425 1.159 

47 7.188 0.820 4.589 0.486 1.287 

48 7.188 0.820 4.374 0.425 1.416 

49 7.188 0.880 4.364 0.494 1.546 

50 7.188 0.880 4.385 0.401 1.803 

51 7.188 0.880 4.373 0.401 1.739 

52 7.188 1.020 3.534 0.569 2.037 

53 7.188 1.020 3.800 0.506 2.164 

54 7.188 1.020 3.514 0.443 2.164 

 


