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Rocking of Single Layer Armour Units Measured by Embedded Sensors

Tao Zheng
Department of Hydraulic Engineering, Shenzhen University, Shenzhen 518060, Guangdong, China

Abstract: Single layer randomly placed armour units are used in many rubble mound breakwaters around the
world. For these armour layers, breakage of armour units due to rocking could be a major damage mechanism, but no
good methods exist to evaluate and quantify rocking. This paper utilizes novel embedded Rocking Sensors to obtain the
first measurements of rocking impact velocities of single layer units. Physical model tests were performed on an armour
layer with Xbloc® units under irregular waves. A test series with five test runs with increasing wave height was
repeated several times, with the nine instrumented units being positioned at three different elevations. Over 42 repeated
measurements (realizations) of the rocking motion of a unit were obtained for each combination of unit elevation and
wave height (640 in total). From the Rocking Sensors the number of impacts and rotational impact velocities were
obtained. It appears that the units in the armour layer experience rocking much more often than visually observed.
Highest impact velocities are seen to occur around the water line, and in the uprush phase of the waves. A preliminary

design expression for rocking impact velocities of single layer units is given. Additionally, a visualization technique
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shows that the downslope settlement of the units is a continuous process, which changes unit orientation and placement
density, and thereby influences the rocking behaviour. The paper shows that novel measurement techniques like the
Rocking Sensors and visualization techniques can and should be used to quantify damage mechanisms to rubble mound
single layer armour, in addition to counting the number of displaced units.
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Figure 1 Broken Single Layer Units in Reality
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Figure 2 Two Halves of the 3D Printed Model Armour Unit Including Embedded Sensor, Battery, and Micro USB

Connection
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Figure 3 a) Close-Up of the Row of Instrumented Units in the Armour Layer with Non-Instrumented Units; b)
Side View of a Wave Attack on the Slope
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Figure 4 a) Side View of Setup of Armour Layer on Slope; b) Definition of Axes Used
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Table 1 Measured Wave Conditions for the Five Test Runs in One Test Series
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Table 2 Measured Test Series for the Three Elevations of Instrumented Units
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Table 3 Number of Observed Rocking Units in Instrumented Row
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SWL —2Dn T17 0 0 0 1 3
T19 0 1 1 0 0

P 0.84 T20 1 2 1 1 2
T21 0 1 0 0 0

T22 1 2 1 2 1
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