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SIGNIFICANCESIGNIFICANCE
Determining the optimum weight of the armour blocks 
is the most important issue in design of breakwaters.
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EQUATION OVERVIEW
Van der Meer (1988)
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Van der Meer (1988)
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• Ns is the stability number
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• S is the damage level
• Nw is the number of wave attackw

• ξm is the surf similarity parameter
• cotα is the slope angle
• P is the nominal permeability of breakwater



EQUATION OVERVIEW
• Vidal et al. (2006), showed that H50 is a more appropriate 

wave parameter in calculating the stability numberwave parameter in calculating the stability number. 
• No need to consider number of waves provided that H50 is 

d i t d f Hused instead of Hs
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• H50 is the average wave height of the 50 highest waves reaching a rubble-
mound breakwater in its useful life, 

• D 50 is the nominal diameter of stoneDn50 is the nominal diameter of stone, 
• Δ=ρs/ρw-1 is the relative density of stone



EQUATION OVERVIEW
• Etemad-Shahidi and Bali (2012) used H50 instead of Hs to 

introduce a new model 
– Data: Both Van der Meer (1988) and Vidal et al. (2006) laboratory 

measurements
U M5′ l ith i M d l t (MT) h t bt i ti d l– Use M5′ algorithm in Model tree (MT) approach to obtain optimum model  
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Formulas BIAS SI CC Ia

Van  der Meer (1988) -0.11 0.18 0.73 0.8V de ee ( 9 ) . . .7 .
Vidal et al. (2006), 0.1 0.17 0.723 0.81
Etemad-Shahidi and Bali (2012) 0.04 0.12 0.86 0.93( )

 
N
1

SI 1

2
N

i
ii XY



  
1I 1

2



N

i
ii XY  

1






N

i
ii YYXX

CC 1B 
N

XYIAS  SI 1

i

i

X


 
 -1I

1

2a





 N

i
ii

i

XXXY   
2

1

2

1






N

i
i

N

i
i YYXX

CC  
N

 B
1




i

ii XYIAS



EQUATION OVERVIEWEQUATION OVERVIEW
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METHODOLOGY & RESULTSMETHODOLOGY & RESULTS
U d t t f V d M (1988) d Vid l t l (2006)• Use data sets of Van der Meer (1988) and Vidal et al. (2006) 
laboratory measurements

• Use the Etemad-Shahidi and Bali (2012) formula
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• Identify the governing parameters through sensitivity analysis
• Core diameter (D ) armour diameter (DA) and the wave period
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Core diameter (Dc), armour diameter (DA), and the wave period

• Normalize the governing parameters 
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METHODOLOGY & RESULTSMETHODOLOGY & RESULTS
D t t i di id d i t t t d t i d t t• Data sets is divided into test and train data sets. 

• Neural networks approach was used 
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• Different equations were obtained with different level of 
maturity and error.u y d e o .

• The simplest form with relatively smallest error was chosen
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Any question or 
comment please
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