Finite Element Techniques
in Groundwater
Flow Studies

With Applications in Hydraulic and Geotechnical Engineering -

l. Kazda




CONTENTS

Preface .

Contents

Index of symbols .

Introduction .

b

=2 2 [ B U N O I oS

LTS I O I

L =N

-] Oh

Fundamental equations of groundwater flow

Seepage properties of soils .

General equations of motion of three- d1men~,10nal seepage t‘low
Fundamental equations of plane potential flow S
Derivation of governing equations of steady two- dlmt.nsmna]
groundwater flow . i

Non-steady groundwater flow . )
Physical and numerical interpretation of boundarv condmom

Variational principles for groundwater flow

Variational formulation of boundary value problems
Search for steady flow variational principles
Variational principles for transient flow

Mixed functionals . .

The Rayleigh-Ritz method

The Galerkin method

Weighted residual methods .

Functional discretization by the finite element method .

The principle of the finite element method

Two-dimensional finite elements in the global co- 01d1na{e system

3.2.1 Triangular element with a linear interpolating polynomial

3 22 Triangular elements with an interpolating polynomial of
a higher degree . :

Two-dimensional isoparametric elements !

33.1 Isoparametric elements with Lagrangian 1merpola11n0 po]x-
nomials i J g

3.3.2 [Isoparametric elements mthout interior nodeb




Mapping of isoparametric elements from the local to the global

set of co-ordinates =

Special techniques for two- d1mens10nal elements in local co-

ordinates . : o | . -

3.5.1 Degeneracy of thn, shdpe of quadrllaleml Llcments by the
superposition of their nodes . S el e L

3.5.2 Isoparametric elements with heterogeneous mterpolauon

3.5.3 Subparametric and superparametric elements .

Axisymmetric elements .

Application of the Hermitian 1nterpolat10n to e]ements deﬁned in

the global and in the local set of co-ordinates

Mixed elements . ;

Three-dimensional finite elements N ;

3.9.1 Three-dimensional elements in global co-ordmates

3.9.2 Three-dimensional isoparametric elements

Convergence of the finite element method

Linear problems of steady groundwater flow

Characteristic element matrix in the global sct of co-ordinates .
Formulation of the characteristic matrix of isoparametric elements
Assembly of the resulting system of equations

Inserting boundary conditions vl R
Solution of resulting system of equations and computation of

derived unknowns )
A generally anisotropic domam

Non-linear problems of steady groundwater flow

Solution of unconfined seepage in the vertical plane

Horizontal plane unconfined flow .

Seepage with a non-linear relationship between hydrauhc grad1ent
and hydraulic conductivity . -
Practical application and coding of the method of successive
approximations .

Unsteady groundwater flow .

Solution of transient problems by the finite element method
Unsteady horizontal plane confined flow

Unsteady horizontal plane unconfined flow 3
Unsteady confined seepage flow in the vertical plane
Unsteady unconfined seepage flow in the vertical plane
Well pumping




Unsteady flow in a compressible medium (soil consolidation) .

Solution of Terzaghi’s one-dimensional consolidation with the
help of elements in space and time

Variational formulation of linear consohdatlon

Viscoplastic model of consolidating soil

Special technigues in the finite element method

Condensation of the characteristic matrix M® of two-dimensional
elements with internal nodes

Macro-elements and their application . .

Coupling of the finite element method and the boundary elemem
method by means of macro-elements .

Stochastic model of a percolated medium

Coarse and fine mesh method

Infinite elements

Quasi-infinite elements . ;
Groundwater flow in an interconnected aquifer system .

Coding of the finite element method

Modular program structure and its relation to the finite element
method algorithm ‘
Application of structured Fortrcm codmg

Finite element method application in numerical modellmg

Program for the solution of confined steady groundwater flow

Master segment and information sharing between the program
segments .
10.1.1 Information sharing with the help of dummy and actua]
arguments
10.1.2 Information sharing by means of COMMON statements
10.2 Printed output volume control
10.3 Generation of elements and nodes .
104 User instructions lor preparing input data. .
10.5 Check-up example
10.6 Names of the most significant varlables
10.7 Program listing . . .

References

Index




