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ABSTRACT 
 
Increasing interest in utilizing submerged breakwaters and 
artificial reefs for shoreline stabilization requires accurate 
predictive models and relationships for wave attenuation.  The 
object of this study was to develop a two-dimensional (2-D) model 
as an improvement to the existing wave transmission coefficient 
models.  A total of five data sets were combined and analyzed:  
Seelig (1980), Daemrich and Kahle (1985), Van der Meer (1988), 
Daemen (1991), and Seabrook (1997).   
 
This paper describes the development of an empirical model as an 
improvement to existing wave transmission models.  This new model 
provides the required design criteria for use in determining wave 
attenuation for submerged breakwaters.  The model developed in 
this study was determined to be the ‘best fit’ model from all 
five data sets used.   
 
The results of this study confirm that the transmission 
coefficient is highly dependent upon the dimensionless ratio of 
the freeboard to the incident wave height.  The significance of 
other dimensionless variables in the model in order of decreasing 
significance were the ratios of structure crest width to water 
depth, structure height to water depth, crest width to 
wavelength, and freeboard to crest width.  These variables also 
represent the dominant physical processes associated with the 
wave transmission process and wave/structure interaction.  The 
model developed in this study is recommended for use as an 
engineering aid for preliminary design of submerged breakwaters. 
 
 
 
ADDITIONAL INDEX WORDS: Wave Transmission, Wave Attenuation, 
Transmission Coefficient, Transmission Model, Submerged 
Breakwater, Submerged Breakwater Model 
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Wave Transmission Variables 

Previous studies of submerged breakwaters have indicated a 
variety of important variables associated with wave transmission 
over submerged breakwaters.  The most important physical 
variables that correlate with Kt have been identified as: 

At: equivalent cross-sectional area of breakwater 
B:  crest width of breakwater   
ds:  water depth at toe of structure  
Dn50:  nominal material diameter   
F:  freeboard = h - ds    
h:  height of structure from seabed  
Hi:  incident wave height (Hsi or Hmoi)  
L:  wavelength at local depth   

 

Table 1.  Correlation of Top Five Variables versus Kt 

Variable CORRELATION 
h/ds -0.75 
F/Hmoi -0.68 
F/B -0.67 
B/ds -0.63 
B/L -0.49 

 
The ‘best fit’ model with a RSQ value of 0.9402 and a standard 
deviation of 0.0510 is listed below and plotted in Figure 1. 
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The preceding model is valid for the following variable 

ranges: 
-8.696 < F/Hmoi < 0.000 
0.286 < B/ds < 8.750 
0.440 < h/ds < 1.000 
0.024 < B/L < 1.890 
-1.050 < F/B < 0.000 
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Editied Transmission Data Set
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Figure 1.  Edited Transmission Data Set 

 

REFERENCES 
1. Ahrens, J.P. and Cox, J., 1990.  “Design and Performance of 

Reef Breakwaters.”  Journal of Coastal Research, Special Issue 
No. 7, The Coastal Education and Research Foundation (CERF), 
Fort Lauderdale, FL, pp. 61-75. 

2. Ahrens, J.P., 1987.  “Characteristics of Reef Breakwaters.”  
Technical Report CERC-87-17, Coastal Engineering Research 
Center, U.S. Army Corps of Engineers Waterways Experiment 
Station, Vicksburg, MS, 62 pp. 

3. Daemrich, K.F. and Kahle, W., 1985.  Schutzwirkung von 
Unterwasserwellenbrechern unter dem einfluss unregelmassiger 
Seegangswellen.  Eigenverlag des Franzius-Instituts fur 
Wasserbau und Kusteningenieurwesen, Heft 61. 

4. Dattatri, J., Raman, H., and Shankar, N.J., 1978.  
“Performance Characteristics of Submerged Breakwaters.”  
Coastal Engineering '78, ASCE, New York, NY, pp. 2152-2171. 

5. Dean, R.G., and Dalrymple, R. A., 1991.  Water Wave Mechanics 
for Engineers and Scientists, World Scientific Publishing Co., 
New Jersey. 

6. Hall, K. R. and Seabrook, S.R., 1998.  “Design Equation for 
Transmission at Submerged Rubblemound Breakwaters.”  Journal 

 4 



 

of Coastal Research, SI(26), pp. 102-106.  Royal Palm Beach 
(Florida). 

7. Harris, L.E., 1996.  Wave Attenuation by Rigid and Flexible 
Submerged Breakwaters. Florida Atlantic University, Boca 
Raton, FL, 158 pp. 

8. Macmillan, B.E., 1996.  Effect of Structure Shape on Wave 
Transmission for Submerged Breakwaters.  Florida Institute of 
Technology, Melbourne, FL, 140 pp. 

9. Pope, J., 1989.  “Role of Breakwaters in Beach Erosion 
Control.”  Beach Preservation Technology ’89, Coastal 
Engineering Research Center, U.S. Army Engineer Waterways 
Experiment Station, Vicksburg, MS, pp. 167-176. 

10.Seabrook, S.R., 1997.  Investigation of the Performance of 
Submerged Rubblemound Breakwaters, M.Sc. Thesis, Queen’s 
University, Ontario, Canada, 200 pp. 

11.Seelig, W.N., 1980.  “Two-Dimensional Tests of Wave 
Transmission and Reflection Characteristics of Laboratory 
Breakwaters.”  T.R. 80-1, Coastal Engineering Research Center, 
U.S. Army Corps of Engineers Waterways Experiment Station, 
Vicksburg, MS, 187 pp. 

12.Van der Meer, J. W., 1998.  Personal Communications,  Infram, 
B. V., Zeewolde. 

13.Van der Meer, J. W. and Daemen, I. F. R., 1994.  “Stability 
and Wave Transmission at Low-Crested Rubble-Mound Structures.”  
Journal of Waterway, Port, Coastal and Ocean Engineering, 
ASCE. Vol. 120, pp. 1-19. 

14.Van der Meer, J. W., 1991.  “Stability and Wave Transmission 
at Low-Crested Structures.”  Delft Hydraulics Publication 453. 

15.Van der Meer, J. W., 1990.  “Data on Wave Transmission Due to 
Overtopping.”  Delft Hydraulics Publication H 986. 

16.Van der Meer, J. W., 1988.  “Deterministic and Probabilistic 
Design of Breakwater Armor Layers.”  Journal of Waterway, 
Port, Coastal and Ocean Engineering, ASCE. Vol. 114, No. 1, 
pp. 66-80. 

 
Acknowledgements. I would like to thank the following people for their support: 
Dr. Lee E. Harris for providing financial and professional support throughout my research.  His guidance, input, and 
encouragement have made this research possible. 
Dr. William R. Dally, Dr. Edward H. Kalajian, and Dr. Eric Thosteson for their insightful comments and 
suggestions. 
Dr. Kevin Hall and Stuart R. Seabrook for generously supplying data and the paper used in this investigation. 
Dr. J.W. Van der Meer and Dr. Daemrich for answering questions, supplying data, and providing the papers used in 
this investigation.  

 5 


	ABSTRACT
	Wave Transmission Variables
	REFERENCES

