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                    Abstract
Although the different aspects of wave-mud interaction have been studied by many researchers, few studies have been conducted on the effect of solitary wave on the particle velocities formed in the layers of cohesive sediments. The main objective of the present study is to investigate different features of the mud mechanical responses to the solitary wave loadings. This paper describes a comprehensive study of solitary wave-mud interaction by means of sets of laboratory tests, in which time series of the velocity in the water and mud layers, as well as free-surface evolutions, were measured. Wave damping and several aspects of the mechanical response of the mud layer to solitary wave loadings, e.g. mud particle velocities, the ratio between positive and negative peak velocities, time shift between peak velocities in the mud and water layer and the mud movement period, were studied through nondimensional parameters. It was shown that, at higher values of the mud water content ratio, the time shifts between the peak velocities in the mud and water layers decrease, whereas the mud movement period and the ratio of the positive to the negative peaks increase. Similar trends were observed as the height of the solitary wave was increased. A viscous analytical two-layered model has been developed. Comparing to the measurements, the present model and the model of Liu and Chan (J Fluid Mech 579:467–480, 2007) presented a similar behaviour for simulating the mechanical response of mud under the action of a solitary wave and both models performed better than the model of Jiang and Zhao (J Waterw Port Coast Ocean Eng 115:345–362, 1989).
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Appendix
Appendix
The linearised boundary layer equations governing the system of the two-layered viscous water-mud layers are expressed as
$$ \frac{\partial {U}_{\mathrm{w}}}{\partial t}={\delta_{\mathrm{w}}}^2\frac{\partial^2{U}_{\mathrm{w}}}{\partial {z}^2} $$

                    (40)
                

$$ \frac{\partial {U}_{\mathrm{m}}}{\partial t}={\delta_{\mathrm{m}}}^2\frac{\partial^2{U}_{\mathrm{m}}}{\partial {z}^2} $$

                    (41)
                

for which, the boundary conditions are described as follows:
$$ {U}_{\mathrm{m}}=-\gamma {U}_{I,\mathrm{w}},\kern0.75em z=-{d}_N $$

                    (42)
                

$$ {U}_{\mathrm{m}}={U}_{\mathrm{w}}+\left(1-\gamma \right){U}_{I,\mathrm{w}},\kern0.75em z=0 $$

                    (43)
                

$$ {\rho}_{\mathrm{w}}{\nu}_{\mathrm{w}}\frac{\partial {U}_{\mathrm{w}}}{\partial z}={\rho}_{\mathrm{m}}{\nu}_{\mathrm{m}}\frac{\partial {U}_{\mathrm{m}}}{\partial z},\kern0.75em z=0 $$

                    (44)
                

$$ \frac{d{U}_{\mathrm{w}}}{dz}\to 0,\kern0.75em z\to \infty $$

                    (45)
                

By applying the Laplace transform to the system of the equations above, we obtain
$$ s{\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)={\delta_{\mathrm{m}}}^2\frac{d^2{\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)}{d{z}^2} $$

                    (46)
                

$$ s{\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)={\delta_{\mathrm{w}}}^2\frac{d^2{\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)}{d{z}^2} $$

                    (47)
                

$$ {\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)=-\gamma {\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right),\kern0.75em z=-{d}_N $$

                    (48)
                

$$ {\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)={\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)+\left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s),\kern0.75em z=0 $$

                    (49)
                

$$ {\rho}_{\mathrm{w}}{\nu}_{\mathrm{w}}\frac{d{\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)}{dz}={\rho}_{\mathrm{m}}{\nu}_{\mathrm{m}}\frac{d{\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)}{dz},\kern0.75em z=0 $$

                    (50)
                

$$ \frac{d{\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)}{dz}\to 0,\kern0.75em z\to \infty $$

                    (51)
                

where \( \overset{\sim }{U} \) denotes the Laplace-transformed form. The solutions for the ordinary differential equations of (46) and (47) read as follows:
$$ {\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)={A}_{\mathrm{w}}{e}^{\sqrt{s}z}+{B}_{\mathrm{w}}{e}^{-\sqrt{s}z} $$

                    (52)
                

$$ {\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)={A}_{\mathrm{m}}{e}^{\sqrt{s}z}+{B}_{\mathrm{m}}{e}^{-\sqrt{s}z} $$

                    (53)
                

where Aw, Bw, Am and Bm are the constant coefficients for the transformed solutions of the water and mud layers, respectively. Applying the boundary conditions (48) to (51), the following coefficients are obtained:
$$ {A}_{\mathrm{w}}=0 $$

                    (54)
                

$$ {B}_{\mathrm{w}}=\left(\gamma -1\right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)+\frac{\gamma \left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\gamma +\xi }+\frac{2\gamma \xi {\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}+\frac{2\gamma \xi}{\left(\gamma +\xi \right)}\frac{\left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}} $$

                    (55)
                

$$ {A}_{\mathrm{m}}=\frac{\gamma \left(1-\gamma \right)}{\gamma +\xi }{\overset{\sim }{U}}_{I,\mathrm{w}}(s)-\frac{\gamma \left(\gamma -\xi \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}-\gamma \frac{\left(\gamma -\xi \right)}{\left(\gamma +\xi \right)}\frac{\left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}} $$

                    (56)
                

$$ {B}_{\mathrm{m}}=\frac{\gamma \left(\gamma +\xi \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}+\frac{\gamma \left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}} $$

                    (57)
                

Substituting Eqs. (54)–(57) into (52) and (53) and rewriting the equations, the followings expressions are obtained:
$$ {\overset{\sim }{U}}_{\mathrm{w}}\left(z,s\right)=\frac{\left(\gamma -1\right){\overset{\sim }{\xi U}}_{I,\mathrm{w}}(s)}{\gamma +\xi }{e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{w}}}z}+\frac{2\gamma \xi {\overset{\sim }{U}}_{I,\mathrm{w}}(s)\ }{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{w}}}z}+\frac{2\gamma \xi}{\left(\gamma +\xi \right)}\frac{\left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{w}}}z} $$

                    (58)
                

$$ {\overset{\sim }{U}}_{\mathrm{m}}\left(z,s\right)=\frac{\gamma \left(1-\gamma \right)}{\gamma +\xi }{\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}z}-\frac{\gamma \left(\gamma -\xi \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}z}-\gamma \frac{\left(\gamma -\xi \right)}{\left(\gamma +\xi \right)}\frac{\left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}z}+\frac{\gamma \left(\gamma +\xi \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s)}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}z}+\frac{\gamma \left(1-\gamma \right){\overset{\sim }{U}}_{I,\mathrm{w}}(s){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{\left(\gamma -\xi \right){e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}-\left(\gamma +\xi \right){e}^{\frac{\sqrt{s}}{\delta_{\mathrm{m}}}{d}_N}}{e}^{-\frac{\sqrt{s}}{\delta_{\mathrm{m}}}z} $$

                    (59)
                

whose Inverse Laplace transform leads to
$$ {U}_{\mathrm{m}}=\frac{\gamma \left(1-\gamma \right)}{\gamma +\xi }{\int}_0^t\operatorname{erfc}\left[\frac{-z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right] d\tau +\gamma \sum \limits_{n=0}^{\infty }{\left(\frac{\gamma -\xi }{\gamma +\xi}\right)}^{n+1}{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{\left(2n+1\right){d}_N-z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau +\gamma \frac{\left(1-\gamma \right)}{\left(\gamma +\xi \right)}\sum \limits_{n=0}^{\infty }{\left(\frac{\gamma -\xi }{\gamma +\xi}\right)}^{n+1}{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{\left(2n+1\right){d}_N-z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau -\gamma \sum \limits_{n=0}^{\infty }{\left(\frac{\gamma -\xi }{\gamma +\xi}\right)}^n{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{\left(2n+1\right){d}_N+z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau -\gamma \left(1-\gamma \right)\sum \limits_{n=0}^{\infty}\frac{{\left(\gamma -\xi \right)}^n}{{\left(\gamma +\xi \right)}^{n+1}}{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{\left(2n+1\right){d}_N+z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau $$

                    (60)
                

$$ {U}_{\mathrm{w}}=\left[\frac{\xi \left(\gamma -1\right)}{\gamma +\xi}\right]{\int}_0^t\operatorname{erfc}\left[\frac{z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right] d\tau -2\gamma \xi {\sum}_{n=0}^{\infty}\frac{{\left(\gamma -\xi \right)}^n}{{\left(\gamma +\xi \right)}^{n+1}}{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{\left(2n+1\right){d}_N+\xi z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau -2\gamma \xi \frac{\left(1-\gamma \right)}{\left(\gamma +\xi \right)}{\sum}_{n=0}^{\infty}\frac{{\left(\gamma -\xi \right)}^n}{{\left(\gamma +\xi \right)}^{n+1}}{\int}_0^t\frac{\partial {U}_{I,\mathrm{w}}}{\partial \tau}\left\{\operatorname{erfc}\left[\frac{2n{d}_N+\xi z}{2{\delta}_{\mathrm{m}}\sqrt{t-\tau }}\right]\right\} d\tau $$

                    (61)
                



Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Soltanpour, M., Shamsnia, S.H., Shibayama, T. et al. Experimental and analytical investigation of the response of a mud layer to solitary waves.
                    Ocean Dynamics 70, 165–186 (2020). https://doi.org/10.1007/s10236-019-01319-6
Download citation
	Received: 18 January 2019

	Accepted: 27 October 2019

	Published: 14 December 2019

	Issue Date: February 2020

	DOI: https://doi.org/10.1007/s10236-019-01319-6


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
	Solitary wave
	Wave-mud interactions
	Analytical model
	Wave dissipation
	Mud mechanical behaviours
	Peak time difference
	Viscous effects
	Wave boundary layer








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.202.179.42
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    