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Abstract

This thesis primarily deals with the pointwise a posteriori error analysis of finite element meth-
ods for the elliptic variational inequalities. Therein, we focus on two contact problems- the
Signorini problem and the Obstacle problem- which are the prototype models for the elliptic
variational inequality of the first kind. The adaptive finite element methods generally are essen-
tial for contact problems as the solution of these problems exhibits singular behaviour around
the free boundary due to loss of regularity. The error estimates in the supremum norm are
important for variational inequalities since they provide localized information on the approxi-
mation. The supremum norm a posteriori estimates enable locating the singularities locally to
control the pointwise errors. Pointwise error control is rather challenging to carry out due to
the variational nature of the finite element method. Moreover, for instance, the pointwise error
control appears to be decisive for certain variational inequalities where the computed solution

serves as a physical quantity as it determines the pointwise accuracy.

This thesis consists of seven chapters including the introductory chapter and the conclusion.
In Chapter 1, we review the literature and collect some known results and preliminaries, which
play a crucial role in the next chapters. In Chapter 2, we derive the pointwise a posteriori
error estimates of the Signorini problem using linear conforming finite element methods. The
analysis mainly depends on the super and sub solutions corresponding to the continuous solution
u and standard a priori estimates for the Green’s matrix of the divergence type operator. In
Chapter 3, a posteriori error estimate for a class of discontinuous Galerkin (DG) methods has
been derived in the supremum norm for the Signorini problem. An enriching map from the
DG finite element space to conforming finite element space has been constructed and used
correctly in the analysis of Chapter 3. We develop a new residual-based pointwise a posteriori
error estimator for the unilateral contact problem using the quadratic conforming finite element

method (FEM) in Chapter 4. In the analysis, we work with the continuous piecewise quadratic
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finite element space and continuous piecewise linear multipliers on the contact zone. In Chapter
5, we derive the pointwise a posteriori error analysis of the quadratic finite element method
for the elliptic obstacle problem. The reliability and the efficiency of the proposed a posteriori
error estimator are discussed. The bounds on the regularized Green’s function and a sign of
the discrete Lagrange multiplier play a crucial role in the analysis. In Chapter 6, we perform a
posteriori error analysis in the supremum norm for the quadratic DG methods for the obstacle
problem. We define two discrete sets (motivated by Gaddam, Gudi and Kamana [44]), one
with integral constraints and another with the nodal constraints at the quadrature points, and
discuss the pointwise reliability and efficiency of the proposed a posteriori error estimator. In
the analysis, we employ a linear averaging function to transfer DG finite element space to
standard conforming finite element space and exploit the sharp bounds on the Green’s function
of the Poisson problem. Several numerical experiments are presented in Chapter 2 to Chapter 6,
numerically illustrating the theoretical order of convergence derived in the analysis. In Chapter
7, we summarize the work done and the possible extensions with scope for future investigations

are proposed.
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