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Abstract
The study evaluates how dissipation influences wave phenomena through a visco-

poroelastic sandy layer and a visco-poroelastic semi-infinite half-space where initial stress 
exists. The model includes analysis of both poroelastic and viscoelastic characteristics together 
with detailed studies of solid-fluid phase connections in porous materials. The mathematical 
model relies on coupled equations that describe the mechanics of porous media, emphasizing 
the effects of viscosity and porosity on wave speed, attenuation, and dissipation. Influence 
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of several parameters including initial stress, viscosity, porosity, and dissipative effects on 
wave propagation are demonstrated numerically. Applications in Material Science, seismic 
exploration, Geotechnical Engineering can benefit from the findings, which offer valuable 
insights on how waves behave in porous media.
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1. Introduction 
Investigation of transmission of waves in visco-poroelastic structures is 

valuable in the domains such as Rock Mechanics, Geophysics, and Civil 
Engineering, particularly, in Structural Engineering. The authors of the paper [1] 
present several mathematical arguments that highlight the importance that it is to 
incorporating viscoelastic effects into account. The viscoelastic analysis in 
structural design optimization has been examined by the authors of the 
following paper [2]. An analytical investigation of Love waves under initial 
stress in orthotropic granitic layers exists in [3]. Paper [4] addresses how 
viscosity, sandiness, and initial stress affect torsional waves. The findings of the 
study [5] summarized that there are no edge waves that exist in thick or thin 
isotropic plates when there is no incidence of initial stress. Chattaraj and Samal 
[6] discussed how the stiffness of reinforced materials affects wave 
characteristics. Considering the dispersion of waves through complex geological 
materials, particularly in exploration Geophysics and Rock Mechanics, several 
interconnected concepts are explored in the paper [7]. Paper [8] explores G-type 
wave propagation in fluid-saturated visco-poroelastic layers using Valeev's 
method. Employing Biot’s theory of poroelasticity [9], Madhuri et al. [10] show 
that initial stress, porosity, and heterogeneity do have an influence on phase 
velocity. The proposed material modelling hypothesis advanced by Nowfal et al. 
[11], highlighted here, not only contributes to the knowledge base of scientific 
researchers and engineers, but also provides an assistive guide for opening up 
new applications in various industries. Kumar et al. [12] analyzed propagation 
of a plane wave surface on a nonlocal thermoelastic solid-half space that is 
isotopically homogeneous, and over an air half-space with a memory-dependent 
derivative and which has double porosity. This study [13] deals with the slanted 
magnetic field and rotation influence on viscoelastic fluid moving peristaltically 
via a porous medium in a tapered anisotropic slanted channel with variable 
viscosity and mixed convection heat transfer of the fluid inspected by Ramadhan 
and Jassim. The aforementioned papers did not investigate waves in the solids 
that are initially stressed visco-poroelastic sandy dissipated layers with visco-
poroelastic dissipated half-spaces. This paper takes these characteristics into 
account and establishes the results accordingly. The results would have 
applications in destructive research, including subsurface material testing and 
seismic wave propagation.  
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2. Geometry and Solution  
Consider an initially stressed viscoporoelastic sandy layer     overlying 

semi-infinite half-space      in Cartesian coordinates. The origin locates on the 
boundary between the layer and the half space. Waves propagate downwards an 
axis, which is considered to be vertically downward, as depicted in Figure 1. 
From this figure, it is evident that the sandy layer and poroelastic half space are 
clearly occupying the spaces,         and      respectively. Following 
are the individual sub-sections where the solutions to each are provided.  

 

 
Figure 1 

Geometry of the problem. 

2.1 Waves in Initially Stressed Visco-poroelastic Sandy Layer 
Suppose                and               are the displacement 

components of the solid and fluid of the initially stressed visco-poroelastic 
sandy layer      For torsional vibrations, the displacements reduce to    
         ,                          ,          The equations of 
motion in presence of dissipation reduce to 
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In Eq. (1),     and   are the stress components,     
are rotational 

components,       are the initial stress,     s are mass coefficients,   is 
dissipative coefficient. The stress components    and fluid pressure  are given 
by 
                                     
           (2)  

From the above Eq.(2),     s are strain components,       
  
  

 
        ,   is the shear modulus,   is the viscosity,   is sandy parameter,   
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is frequency,   is time,      are all poroelastic coefficients. Now strain 
components      , rotational components      are given by, 
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Consider                        
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 From Eqs. (1) to (4), the following differential equation is obtained 
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The solution of Eq. (5) is  

                      (  t-kx) (6) 
In Eq. (6), here       are arbitrary constants. The component of non-zero 

stress is  

          (  
  
  
  )                                

2.2 Waves in Initially Stressed Visco-poroelastic Semi-infinite Half-space

 In lower visco-poroelastic layer (  ) and for torsional waves, 
displacements are                         and               
           Equations of motion reduces to 
      

       
     

    
     

                     
 
            

      

                    
 
            (7)  

From Eq. (7),     and    are the stress components,     are rotational 
components,    is the initial stress, and      are mass coefficients.  
        ̅                            (8) 
In Eq. (8),  ̅              

Consider                   is a solution of Eq. (7) (9) 
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From the Eqs. (7), (8), (3) and (9), the differential equation that results is as 
follows. 

         
                (10) 

In Eq. (10),            

The solution of Eq. (10) is, 
          [                  ]         [                   ]   (   -  )  
   (11) 

 In Eq. (11),       are arbitrary constants. For lower layer as    , the 
displacement component becomes 
            [                  ]   (   -  )  (12) 
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  The relevant stress component is  
          (  
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3. Boundary Conditions 
(i)  A stress-free boundary in contact with air is represented by the stresses 

vanishing at the free surface. It implies that no shear stress acts on this 
surface, allowing it to move or deform freely in response to the passing 
waves. At      , the surface is free from any applied stress, 
                

(ii) The shear stresses at every contact between the poroelastic and viscoelastic 
layers are continuous, providing force equilibrium across the boundary. 
At       the stresses remain continuous, implying                  

(iii) The displacements are continuous at the same interfaces, providing 
medium kinematic compatibility. At     the displacement field is 
continuous,        
These specified boundary conditions produce a system of homogeneous 

equations with arbitrary constants          leading to the following complex-
valued frequency equation: 
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  |   |   |   |                    (13) 
In Eq. (13),     and      are, 

                                           
                                         

                                                 
                                          
                                        

                                                

4. Particular Cases 
Case (i): The problem minimizes to the poroelastic case when the viscous term 
is absent in presence of dissipative coefficient. In this case, the pertinent system 
of equations is  
  [   ] [  ]                     (14) 

                                                 
                                        

 

Case (ii): The fluid characteristics are neglected i.e.,                
        and                       as an exceptional instance, the 
outcome of a purely elastic solid is obtained.  

5. Numerical Results 
The numerical approach taken into account two types of poroelastic solids: 

Mat-I, parameters taken from [14] and Mat-II from [15]. The dissipation 
coefficient     is considered from [16]. Eq. (15) gives the phase velocity      
and attenuation    

    and to get these values, the following is used: 

                                   
              

                                           
                                   

   (15)  
The connection between phase velocity and wavenumber is derived from 

frequency equation. Phase velocity is calculated for various initial stress values 
against wavenumber using the bisection method in MATLAB, as shown in 
Figures 2-5. The physical parameter values are given in Table 1.  

 
Table 1 

Material Parameters 
Material 

Parameters 
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Figure 2 

Variation of wavenumber with phase velocity for distinct values of      in the 
presence of dissipation. 

 

Figure 3 
Variation of wavenumber with phase velocity in absence of dissipation for distinct 

values of     . 
 
Figure   illustrates phase velocity with wavenum er for different initial 

stress values      indicating an increase in phase velocity rising wavenum er in 
presence of dissipation. The correlation  etween wavenum er and phase 
velocity for various initial stress      values  while maintaining a fixed value of 
initial stress      is presented in Figure  . This graph reveals that phase velocity 
increases with  oth wavenum er and initial stress values. 

In this Figure 4  the dotted line indicates the trend without dissipation and 
remaining indicates the trend in presence of dissipation. This illustration 
demonstrates that phase velocity consistently rises with increasing of 
wavenum er  signifying a dispersive medium in which the phase velocity 
changes with wavenum er also in a sence of dissipation a linear pattern 
emerges with phase velocity initially increasing  reaching maximum and then 
decreasing as wavenum er increases. If  oth initial stresses are zero  in the 
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presence and a sence of dissipation  the resulting trend exhi its linear  ehavior. 
The impact of attenuation is shown in Figure 5 for various values of 
wavenum er and initial stress      which shows a trend as the wavenum er 
rises  so does the attenuation. This  ehavior can  e explained  y the fact that 
shorter wavelengths  which are more sensitive to the characteristics of the 
medium  including the amount of stress present  are associated with higher 
wavenum er.  

  

 
Figure 4 

Variation of wavenumber with phase velocity in the presence and absence of 
dissipation for fixed      and     . 

 
 

 
Figure 5 

Variation of wavenumber with attenuation for various initial stresses      and fixed 
initial stress      in the presence of dissipation. 

6. Conclusion 
This study provides a detailed investigation of wave propagation in visco-

poroelastic half-space with poroelastic sandy layer under initial stress. The 
findings reveal that initial stress and dissipation have a major impact on phase 
velocity and wave attenuation. This relationship shows how material stress  
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attenuation, and wave propagation interact in an elaborate way, and it implies 
that comprehending these relationships is essential to effectively modeling wave 
behavior in stressed media. Among the analysis main conclusions are: 
(i)  There was a significant impact on the attenuation characteristics when both 

initial stresses (     and     ) were present. High attenuation results from 
the medium's increased stiffness and resistance to wave motion as the 
initial stress rises. 

(ii)  Attenuation increases with wavenumber, especially when dissipation is 
present, according to the analysis. This is accordance with the hypothesis 
that shorter wavelengths are more susceptible to the characteristics of the 
medium, which are altered by stress and the material's viscoelasticity. 

(iii)  The study also highlights how dissipation contributes to wave attenuation. 
Increased attenuation results from the viscous nature of the medium, which 
causes energy loss to become more noticeable as dissipation increases. 
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