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                    Abstract
Shipping water events (SWE) occur when incident waves flood and propagate over the deck of maritime structures, usually during extreme wave climate. SWE can cause structural damage, unexpected overloading, human losses or even spills of products that are harmful to the environment. Therefore, the estimation of variables that help to predict the evolution of these events is highly helpful to lessen catastrophic consequences. In this regard, this work proposes a model-based approach to describe the spatiotemporal evolution of SWE on a fixed structure with a horizontal propagation domain. The approach is based on a model expressed as an advection-difussion equation with space-dependent nonlinear coefficients. To explore the suitability of the model, for characterizing the SWE evolution, its numerical response is compared with elevation data of SWE generated in a channel by incident regular wave trains. For the comparison, the model coefficients were estimated from an experimental data set with the use of an adaptive observer. The results of the comparison show that the response of the model allows to represent the physics of the analyzed SWE in an acceptable way. The advantage of using an adaptive observer for the estimation is that it can be used in further applications where the actual values of varying coefficients could be required in a reasonable computational time.
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A Appendix A: Stability and robustness analysis of the used adaptive observer
A Appendix A: Stability and robustness analysis of the used adaptive observer
1.1 A.1 Stability and convergence analysis
Following the same steps as provided in [31], in first place take the system (10):
$$\begin{aligned} \begin{array}{rcl} \dot{{\hat{\eta }}}&{}=&{}L{\hat{\eta }}+\phi (\eta ){{\hat{\theta }}}+(K+\varvec{\Upsilon }\Gamma \varvec{\Upsilon }^T\Sigma )(\eta -{{\hat{\eta }}}) \\ {{\dot{\varvec{\Upsilon }}}}&{}=&{}(L-K)\varvec{\Upsilon }+\phi (\eta )\\ \dot{{{\hat{\theta }}}}&{}=&{}\Gamma \varvec{\Upsilon }^T\Sigma (\eta -{{\hat{\eta }}}), \end{array} \end{aligned}$$

                    (13)
                

Define the observation and parametric errors \({{\tilde{\eta }}}={{\hat{\eta }}}-\eta \), \({{\tilde{\theta }}}={{\hat{\theta }}}-\theta \). Assuming that the actual parameters \(\theta \) are constant, then:
$$\begin{aligned} \dot{{\tilde{\eta }}}=(L-K){{\tilde{\eta }}}+\phi {\tilde{\theta }}+\varvec{\Upsilon }\dot{{{\tilde{\theta }}}} \end{aligned}$$

                    (14)
                

Taking \(\chi ={{\tilde{\eta }}}-\varvec{\Upsilon }{{\tilde{\theta }}}\), its derivative is
$$\begin{aligned} {{\dot{\chi }}}=(L-K)\chi +((L-K)\varvec{\Upsilon }+\phi -{{\dot{\varvec{\Upsilon }}}}){{\tilde{\theta }}} \end{aligned}$$

                    (15)
                

From (10), it is obtained that \({{\dot{\chi }}}=(L-K)\chi \). Therefore, if in the design \(\Re \{\lambda \{(L-K)\}\}<0\), then \(\lim _{t\rightarrow \infty }\chi =0\Rightarrow \lim _{t\rightarrow \infty }{\tilde{\eta }}=\varvec{\Upsilon }{{\tilde{\theta }}}\).
The dynamics of \(\varvec{\Upsilon }\) indicate that, if \(\phi \) is bounded, then \(\varvec{\Upsilon }\) is bounded. Then, from the adaptation law for \({{\hat{\theta }}}\), we obtain:
$$\begin{aligned} \dot{{{\tilde{\theta }}}}= & {} \Gamma \varvec{\Upsilon }^T\Sigma (\eta -{{\hat{\eta }}})\\ \nonumber= & {} -\Gamma \varvec{\Upsilon }^T\Sigma \varvec{\Upsilon }{{\tilde{\theta }}}-\Gamma \varvec{\Upsilon }^T\Sigma \chi \end{aligned}$$

                    (16)
                

Therefore, if \(\varvec{\Upsilon }\) is bounded, then \(\Gamma \varvec{\Upsilon }^T\Sigma \varvec{\Upsilon }\) is bounded. If the persistent excitation condition
$$\begin{aligned} \int _t^{t+T}\varvec{\Upsilon }^T(\tau )\Sigma \varvec{\Upsilon }(\tau )d\tau >\delta I \end{aligned}$$

is fulfilled, then \({{\tilde{\theta }}}=0\) is exponentially stable. Given the previous reasons, then \(\chi \) converges to zero, leading exponentially \({{\tilde{\eta }}}\) to zero as well.
1.2 A.2 Robustness analysis of the observer
Following the same procedure as in [31], now consider that the system to be identified is subject to bounded additive uncertainties in the state equation \(\xi =\xi (t)\), in the parameters dynamics \(\delta _t\theta =\delta _t\theta (t)\) and measurement noise \(\nu =\nu (t)\):
$$\begin{aligned} {{\dot{\eta }}}= & {} \phi _A(\eta )\theta _A+\phi _B(\eta )\theta _B+\xi ,\end{aligned}$$

                    (17)
                

$$\begin{aligned} {{\dot{\theta }}}= & {} \delta _t\theta \end{aligned}$$

                    (18)
                

$$\begin{aligned} \eta _m=   \eta +\nu , \end{aligned}$$

                    (19)
                

where \(\eta _m\) is the measured state. Defining once again \(\chi ={{\tilde{\eta }}}-\varvec{\Upsilon }{{\tilde{\theta }}}\), the error dynamics of the state observation and parameter adaptation are
$$\begin{aligned} {{\dot{\chi }}} = &  (L-K)\chi +K\nu +\varvec{\Upsilon }\delta _t\theta -\xi ,\nonumber \\ \dot{{{\tilde{\theta }}}}= & {} -\Gamma \varvec{\Upsilon }^T\Sigma \varvec{\Upsilon }{{\tilde{\theta }}}-\Gamma \varvec{\Upsilon }^T\Sigma \chi -\Gamma \varvec{\Upsilon }^T\Sigma \xi +\Gamma \varvec{\Upsilon }^T\Sigma \nu -\delta _t\theta . \end{aligned}$$

It is clear that \(\chi \) remains bounded if \(\xi \), \(\delta _t\theta \) and \(\nu \) remain bounded, and therefore \({{\tilde{\theta }}}\) remains bounded. If those are independent on \(\phi \) and with zero mean, that is \({\mathcal {E}}\{\xi \}=0\), \({\mathcal {E}}\{\delta _t\theta \}=0\), \({\mathcal {E}}\{\nu \}=0\), where \({\mathcal {E}}\) is the mathematical expectation operator, then as previously shown, \(\lim _{t\rightarrow \infty }{\mathcal {E}}\{\chi \}=0\) and \(\lim _{t\rightarrow \infty }{\mathcal {E}}\{{{\tilde{\theta }}}\}=0\). Therefore, \(\lim _{t\rightarrow \infty }{\mathcal {E}}\{{{\tilde{\eta }}}\}=0\) exponentially.


Rights and permissions
Springer Nature or its licensor holds exclusive rights to this article under a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted manuscript version of this article is solely governed by the terms of such publishing agreement and applicable law.
Reprints and permissions


About this article
       



Cite this article
González-Olvera, M.A., Torres, L., Fontes, J.V.H. et al. Characterizing water-on-deck propagation with a nonlinear advection-diffusion equation.
                    J Braz. Soc. Mech. Sci. Eng. 44, 417 (2022). https://doi.org/10.1007/s40430-022-03718-1
Download citation
	Received: 19 November 2021

	Accepted: 29 July 2022

	Published: 19 August 2022

	DOI: https://doi.org/10.1007/s40430-022-03718-1


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Shipping water
	Parameter identification
	Adaptive estimator
	Advection-diffusion equation








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.209.58.207
				

				Not affiliated

			

		
	
	
		
			
		
	
	© 2024 Springer Nature




	






    