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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.
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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
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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 h,m and the depth at the location of the structure is hs. The depth increases at a slope of

1V:10H from hym 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.
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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 hyy, = 11.25, 14.25, and 15.75
inches were examined. The corresponding structure depths were hg = 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



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
Ky =H; / H;
in which K is the reflection coefficient, H; is the reflected wave height, and Hi; is the incident

wave height. This is a straight-forward computation because the incident and reflected waves



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 K; 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 L, is the deep water wavelength

Lo=gT?/
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 ,) 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 = 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= L, time: Ln= T,
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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.



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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Refelection Coefficients
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Figure 9 Measured reflection coefficients.
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Transmission Coefficients
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Figure 10 Measured transmission coefficients.
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Table 2 Measured waves and water levels.
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