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Summary The coupling convected particle domain interpolation (CCPDI) method is extended to simulate the dynamic contact behaviors 

of saturated porous media involving large deformation. The convected particle domain interpolation technique is used to eliminate the 

numerical artifact noises due to material points crossing computational grid boundaries and a new contact condition is proposed to avoid 

unrealistic contact. Numerical results demonstrate the accuracy and efficiency of this newly developed method. 

 
INTRODUCTION 

 

Many natural and artifical materials can be modeled as saturated porous media, such as soils, soft tissues, ceramics and 

many others [1]. The dynamic analysis of these materials involving large deformation and contact has attracted much 

attention since the performances of many structures composed of these materials may be greatly altered [2]. Over the 

past few decades, the finite element method (FEM) has been widely applied to perform this analysis. However, FEM 

may encounter mesh distortion problem when the deformation is too large and the accuracy of FEM may decrease 

extremely. To overcome this deficiency, many meshless/particle methods have been developed, among which the 

material point method (MPM) is one of the promising methods [3]. Recently, a coupling MPM method (CMPM) for the 

dynamic analysis of saturated porous media has been proposed [4]. In the previous work [5], we further developed the 

CCPDI method for the dynamic analysis of saturated porous media involving large deformation. In this work, a new 

contact condition is proposed and combined with the contact algorithms proposed in [4] and [6], which is then 

implemented in the CCPDI to simulate the large deformation dynamic contact problems of saturated porous media. 

 

CCPDI FOR DYNAMIC CONTACT ANALYSIS OF SATURATED POROUS MEDIA 

 

Governing Equations of Saturated Porous Media 

Based on the Biot’s theory, the u-p governing equations of saturated porous media can be written as follows [1, 4], 
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In the above equations, ijijij p   is the total stress, ij   the effective stress tensor, p  the pore pressure, iu  

the displacement of solid skeleton, ig  the body force,   the Biot’s constant, k  the fluid permeability, i  the fluid 

bulk weight, n  the porosity, sK  and fK  the bulk moduli of solid skeleton and fluid, respectively, s  and f  the 

densities of solid skeleton and fluid, respectively. The boundary conditions for solid skeleton are i iu u  on u  or 

,
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ij j in    on  , in which iu  and i  are the prescribed displacement and traction, respectively, 
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to the boundary  . The boundary conditions for pore fluid are p p  on p  or , /b e
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which p  and nq  are prescribed pressure and fluid flux, respectively, 
b

qn  is the normal to the boundary q . 

 

Discretization Equations 

The corresponding discretization equations are derived in the framework of GIMP [7], which can be written as [5], 
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    x . To eliminate the numerical artifact noises due to material points crossing 

computational grid boundaries as in large deformation cases, the convected particle domain interpolation technique is 

used here, that is, the interpolation functions are chosen as ( ) ( )Ip p I pS V d 

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which ( )IS x  is the standard grid basis functions [8]. 

 

Contact Algorithm 

In conventional contact algorithm in MPM [4], the contact grid nodes are detected when the nodal velocities calculated 

based on the common and individual meshes are different. This may introduce significant errors in capturing the contact 
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time since two bodies may be regarded as in contact when their material points enter into two neighbouring grids though 

these bodies are actually separated. In this work, the contact is detected when the particle domains (i.e., the true volume 

representations) of material points belong to different bodies are overlapped with each other, thus unrealistic contact can 

be avoided. After detecting the contact, the contact normal and forces can be computed following the usual way [4, 6]. 

 

NUMERICAL EXAMPLES 

 

Impact between Solid Bodies 

Fig. 1 shows the displacement histories of Point P of a two-dimensional solid foundation A under the impact of a small 

solid body B. It can be seen that the contact time can be correctly captured by using the proposed contact condition and 

the present results are in good agreement with those computed by the FEM. These results validate the proposed method. 

      
(a)                         (b)                             (c) 

Fig. 1. (a) Simulation model and (b,c) displacement histories of Point P: (b) small deformation (vB=10m/s) and (c) large deformation (vB=100m/s). 

 

Impact between Saturated Porous Media and Solid Bodies 

Fig. 2 shows the displacement and pore press histories of Point P of a saturated porous foundation A under the impact of 

a solid body B. Compared with the results of CMPM, it can be seen that the CCPDI combined with the proposed contact 

algorithm can not only capture the correct displacement and pore pressure in the initial small deformation stage but also 

be successfully used to model the dynamic contact responses of saturated porous media involving large deformation. 

      
(a)                         (b)                             (c) 

Fig. 2. (a) Displacement and (b) pore press histories of Point P of a saturated porous foundation under the impact of a solid body (vB=100m/s). 

 

CONCLUSIONS 

 

In summary, a new contact algorithm is proposed and integrated into the CCPDI method to simulate the dynamic contact 

behaviors of saturated porous media involving large deformation. Numerical experiments of several representative examples 

are carried out to valid the proposed method. These applications imply that this method is applicable to model the nonlinear 

coupling dynamics contact of the solid skeleton and fluid phase in soft tissue, bone and other saturated porous soft matter. 

 

ACKNOWLEDGEMENT 

 

The supports of the National Natural Science Foundation of China (11072051, 90715037, 10902021), the 111 Project 

(No.B08014), the National Key Basic Research Special Foundation of China (2010CB832704) and the Fundamental 

Research Funds for the Central Universities are gratefully acknowledged. 

 

References 

 
[1] Lewis R. W., Schrefler B. A.: The Finite Element Method in the Static and Dynamic Deformation and Consolidation of Porous Media. 2nd ed. 

New York: Wiley, 1998. 

[2] Li C., Borja R. I., Regueiro R. A.: Dynamics of Porous Media at Finite Strain. Comput Methods Appl Mech Engrg, 193:3837-3870, 2004. 

[3] Sulsky D., Chen Z., Schreyer H. L.: A particle method for history-dependent materials, Comput Methods Appl Mech Engrg. 118:179-196, 1994. 

[4] Zhang H. W., Wang K. P., Chen Z.: Material Point Method for Dynamic Analysis of Saturated Porous Media Under External Contact/Impact of 

Solid Bodies, Comput Methods Appl Mech Engrg, 198:1456-1472, 2009. 

[5] Zhang H. W., Gao F., Zheng Y. G., Wang K. P.: Coupling Convected Particle Domain Interpolation Method for Dynamic Analysis of Saturated 

Porous Media Involving Large Deformation, 2011, in submission. 

[6] Huang P., Zhang X., Ma S., Huang X.: Contact Algorithms for the Material Point Method in Impact and Penetration Simulation. Int J Numer 

Meth Engng, 85:498-517, 2011. 

[7] Bardenhagen S., Kober E. The Generalized Interpolation Material Point Method. CMES: Comp Model Eng Sci, 5:477-495, 2004. 

[8] Sadeghirad A., Brannon R. M., Burghardt J.: A Convected Particle Domain Interpolation Technique to Extend Applicability of the Material Point 

Method for Problems Involving Massive Deformations. Int J Numer Meth Engrg, 86:1435-145, 2010. 


