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ABSTRACT. We introduce a hybrid numerical method for the approximation of linear poroe-
lasticity equations, representing the interaction between the non-viscous filtration flow of a
fluid and the linear mechanical response of a porous medium. In the proposed formulation,
the primary variables in the system are the solid displacement, the fluid pressure, the fluid
flux, and the total pressure. A discontinuous finite volume method is designed for the approx-
imation of solid displacement using a dual mesh, whereas a mixed approach is employed to
approximate fluid flux and the two pressures. We focus on the stationary case and the result-
ing discrete problem exhibits a double saddle-point structure. Its solvability and stability are
established in terms of bounds that do not depend on the modulus of dilation of the solid. We
derive optimal error estimates in suitable norms, for all field variables; and we exemplify the
convergence and locking-free properties of this scheme through a series of numerical tests.

Keywords: Biot consolidation problem; Discontinuous finite volume methods; Mixed finite
elements; Locking-free approximations; Conservative schemes; Error estimates.

Mathematics Subject Classifications (2010): 65N30; 76505; 74F10; 65N15.

REFERENCES

[1] M.A. Biot. Theory of elasticity and consolidation for a porous anisotropic solid. Journal of Applied Physics,
26:182-185, 1955 .

[2] S. Kumar and R. Ruiz-Baier Equal order discontinuous finite volume element methods for the Stokes
problem. Journal of Scientific Computing, 65:956-978, 2015.

[3] R. Oyarztia and R. Ruiz-Baier. Locking-free finite element methods for poroelasticity. STAM Journal on
Numerical Analysis, 54(5): 2951-2973, 2016.

[4] X. Ye. A discontinuous finite volume method for the Stokes problem SIAM Journal on Numerical Analysis
44(1):183-198, 2006.

DEPARTMENT OF MATHEMATICS, INDIAN INSTITUTE OF SPACE SCIENCE AND TECHNOLOGY, THIRUVANAN-
THAPURAM 695 547, KERALA, INDIA.
E-mail address: sarvesh@iist.ac.in

GIMNAP-DEPARTAMENTO DE MATEMATICA, UNIVERSIDAD DEL Bio-Bfo, CasiLLa 5-C, CONCEPCION,
CHILE; AND CENTRO DE INVESTIGACION EN INGENIERfA MATEMATICA (CIQMA), UNIVERSIDAD DE CON-
CEPCION, CHILE

E-mail address: royarzua@ubiobio.cl

MATHEMATICAL INSTITUTE, OXFORD UNIVERSITY, ANDREW WILES BUILDING, WOODSTOCK RoAD, OX2
6GG OxrorD, UK.
E-mail address: ruizbaier@maths.ox.ac.uk

TATA INSTITUTE OF FUNDAMENTAL RESEARCH, CENTRE FOR APPLICABLE MATHEMATICS, BANGALORE
560065, INDIA.
E-mail address: ruchi@tifrbng.res.in



