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1.4.1.1 Wave run-up and overtopping 

ɣ

α

Ru2%

Hm0
= 1.65 ∙  γb ∙ γf ∙ γβ ∙ ξm−1,0 

 

 

w𝑖𝑡ℎ 𝑎 𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑜𝑓 
𝑅𝑢2%

𝐻𝑚0
= 1.0 ∙ 𝛾𝑓 ∙ 𝛾𝛽(4 −

1.5

√𝛾𝑏 ∙ 𝜉𝑚−1,0

)

ɣ  ɣf

 ɣβ

ξ

𝑞

√𝑔 ∙ (𝐻𝑚0)3
=

0.023

√𝑡𝑎𝑛𝛼
∙ 𝛾𝑏 ∙ 𝜉𝑚−1,0 ∙ 𝑒𝑥𝑝 [− (2.7 

𝑅𝑐

𝜉𝑚−1,0 ∙ 𝐻𝑚0 ∙ 𝛾𝑏 ∙ 𝛾𝑓 ∙ 𝛾𝛽 ∙ 𝛾𝑣
)

1.3
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Dimensioning 

Input Input 

waveSTEPS-A: LuFI-LUH waveSTEPS-B: FHAC 

 

 



with a maximum of 
q

√g ∙ (Hm0)3
= 0.09 ∙ exp [− (1.5 

Rc

Hm0 ∙ γf ∙ γβ ∙ γ∗)

1.3

]

ɣ ɣ

ɣβ ɣv

ɣ*

ξ

ɣ

γf =  
Ru2% stepped revetment

Ru2% smooth slope
       for wave run − up                 

 

 

𝛾𝑓 =  
𝑙𝑛 (𝑞𝑠𝑚𝑜𝑜𝑡ℎ 𝑠𝑙𝑜𝑝𝑒)

𝑙𝑛 (𝑞𝑠𝑡𝑒𝑝𝑝𝑒𝑑 𝑟𝑒𝑣𝑒𝑡𝑚𝑒𝑛𝑡)
  𝑓𝑜𝑟  𝑤𝑎𝑣𝑒 𝑜𝑣𝑒𝑟𝑡𝑜𝑝𝑝𝑖𝑛𝑔                    

ɣ

1.4.1.2 Overview of studies on stepped revetments 
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α ≤ α ≤ 
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α ɣf

1.4.1.3 Boundary conditions and results of previous studies 



1.4.1.4 Wave loads on stepped revetments 

α

1.4.1.5 Scale effects 







1.4.1.6 Knowledge gaps 

 

1.4.2.1 Energy dissipation in steady and unsteady flows over macro-roughness elements 



1.4.2.2 Turbulent boundary layers over rough surfaces 

𝛿

𝑧/𝛿 < 0.2



𝑘𝑠
+

1.4.2.3 Experimental best practices 
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𝑅𝑢2%

𝐻𝑚0
= 1.65 ∙  𝛾𝑏 ∙ 𝛾𝑓 ∙ 𝛾𝛽 ∙ 𝜉𝑚−1,0

𝑅𝑢2%

𝐻𝑚0
= 1.00 ∙  𝛾𝑓𝑠𝑢𝑟𝑔𝑖𝑛𝑔 ∙ 𝛾𝛽 ∙ (4.0 −

1.5

√𝛾𝛽 ∙ 𝜉𝑚−1,0

)

𝛾𝑓𝑠𝑢𝑟𝑔𝑖𝑛𝑔 = 𝛾𝑓 + (𝜉𝑚−1,0 − 1.8) ∙ (1 − 𝛾𝑓)/8.2
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𝑞

√𝑔 ∙ (𝐻𝑚0)3
=

𝑎

√𝑡𝑎𝑛𝛼
∙ 𝛾𝑏 ∙ 𝜉𝑚−1,0 ∙ 𝑒𝑥𝑝 [− (𝑏 

𝑅𝑐

𝜉𝑚−1,0 ∙ 𝐻𝑚0 ∙ 𝛾𝑏 ∙ 𝛾𝑓 ∙ 𝛾𝛽 ∙ 𝛾𝑣
)

1.3

]

𝑞

√𝑔 ∙ (𝐻𝑚0)3
= 𝑎 ∙ 𝑒𝑥𝑝 [− (𝑏 

𝑅𝑐

𝐻𝑚0 ∙ 𝛾𝑓𝑠𝑢𝑟𝑔𝑖𝑛𝑔 ∙ 𝛾𝛽 ∙ 𝛾∗)

1.3

]
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γ γβ

γ γ

ξ

γ γ γβ γ γ

γ

 

ξ



cot α 𝜉𝑚−1.0

> 1.8
> 1.8
> 1.8
< 1.8
< 1.8
> 1.8

γ

ξ ξ

γ γ

𝛾𝑓 =
𝑏 ∙ 𝑅𝑐

𝜉𝑚−1,0 ∙ 𝐻𝑚0 ∙ [−ln (
𝑞√tan 𝛼

𝑎 ∙ 𝜉𝑚−1,0√𝑔 ∙ (𝐻𝑚0)3
)]10/13

𝛾𝑓𝑠𝑢𝑟𝑔𝑖𝑛𝑔 =
𝑏 ∙ 𝑅𝑐

𝐻𝑚0 ∙ [−ln (
𝑞

𝑎√𝑔 ∙ (𝐻𝑚0)3
)]10/13
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𝑃99.6%

𝜌𝑔𝐻𝑚0

=  𝑚𝑖𝑛 {𝑡𝑎𝑛 [
𝑧/𝐻𝑚0 + 𝑎

𝑏
] 𝑐⁄ , 3.6}

(2.8) 

(2.8) 
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Basic setups 

 





Air-water flows 

Grass-steps interface 

 



 

 

 

 



 

 

 

 



 

Ultrasonic sensors (USS) 
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Conductivity probe (CP) 
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d𝑥
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dℎ̅
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𝑌 = 𝑎 𝑋𝑏  

 

𝑌 =  ℎ̅(𝑥)/ℎ𝑐 ℎ̅(𝑥) 𝑥

𝑋 =  (𝑥𝑐 − 𝑥)/ℎ𝑐

𝑎

𝑏 𝑋 > 1
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d

d𝑥
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𝑎 𝑏
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(
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)

𝑏−1

 
 

 

ℎ𝑐 𝑥
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]
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∆𝑥 ∆𝑧
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𝑓
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= −𝑎𝑏 (

𝑥𝑐 − 𝑥

ℎ𝑐
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𝐷𝐻 = 4ℎ̅

𝑓𝑏

𝑓 𝑓𝑏 𝑓

𝑘𝑣 𝐷ℎ

𝑓𝑏

𝑘𝑣/ℎ
𝑘𝑣/𝐷ℎ

 

d𝑢̅𝑥(𝑧)

d𝑧
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𝑢∗

𝜅(𝑧 + 𝑑𝑟)
  

𝑢̅𝑥 𝜅 𝑧
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𝑈
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𝛿
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0.070 0.16 0.09 0.754 0.9472 0.2009 0.023 0.1084 0.553 
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0.070 0.165 0.1200 0.731 0.8549 0.0533 0.0163 0.2345 0.043 
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𝐷𝐻
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ℎ′̃ = 𝑘 MAD(ℎ) = 𝑘 MED(|𝜂|)  (A.1) 

 

𝑘 𝜂
 

𝜂 = ℎ − ℎ̃ (A.2) 

 

ℎ̃ = MED(ℎ) 𝑘

𝑘 = 1.483  (A.3) 

 

𝜆𝑢 =  √2 ln(𝑁)  (A.4) 

 

𝑁

 

(
𝜂

𝑀𝐴𝐷(𝜂)
)

2

≤ (𝜆𝑢 𝑘 )2 (A.5) 



𝑡𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝑠𝑎𝑚𝑝𝑙𝑒

 

𝑞

− 𝛼

𝛼

𝑡𝛼/2,𝑛−1 𝑛 𝑡𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝑠𝑎𝑚𝑝𝑙𝑒

𝑡𝛼/2,𝑛−1 𝑛

𝑛𝑒𝑓𝑓 =  
𝑛

𝜏𝜌
 (A.6) 

 

𝜏𝜌

𝜏 = 1 + 2 ∑ 𝜌(𝑘)

∞

𝑘=1

 (A.7) 

 

𝜌(𝑘) 𝑡

𝑡 + 𝑘

𝜌(𝑘) ≡ 𝑅(𝑘)/𝑢(𝑡)2̅̅ ̅̅ ̅̅ ̅ (A.8) 



 

𝑘 𝑅(𝑘)
 

𝑅(𝑘) ≡  𝑢(𝑡) 𝑢(𝑡 + 𝑘)̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅ (A.9) 

 

𝑡𝑠𝑎𝑚𝑝𝑙𝑒

𝑇𝑡  ≡  ∫ 𝜌(𝑘) d𝑘
∞

0

 (A.10) 

 

𝑡𝑠𝑎𝑚𝑝𝑙𝑒 = 300

𝐸(𝜔) =  
2

𝜋
∫ 𝑅(𝑘) cos(𝜔𝑘)  d𝑘

∞

0

 (A.11) 

 

𝜔 2𝜋/𝑘 𝐸11



  

  

  

𝛼 𝛼 𝛼



 

 

 

 

𝜌(𝑠) =  𝑒−|𝑠|/𝐿𝑡,𝑠 (A.12) 

𝐿𝑡,𝑠 𝑠

𝜌(𝑠 = 0)






