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ABSTRACT:

This book provides a clear understanding o f the nature and theoretical basis of
the most widely used numerical methods—the finite element method (FEM) and
the boundary element method (BEM)—while at the same time presenting th e
most promising directions fo r future developments. Attentio n is paid mainly to
those methods that have proven to be the most reliable and efficient, as well as
those methods currently under rapid development. Example s wer e selected
either to illustrate various computational algorithms and compare their accuracy
and efficacy or to elucidate the mechanical processes under investigation, whil e
traditional examples that are already covered by standard textbooks have been
deliberately omitted. Emphasi s is placed on the understanding o f basic princi-
ples, rather than on the details of individual numerical algorithms. Th e booK cov-
ers all topics essential fo r students of elementary and intermediate courses on
numerical methods in solid mechanics, and it also serves as a useful reference
for researchers and other professionals. Thi s book was recently translated fro m
the highly regarded, original Czech edition.
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Preface

Fast developmen t o f numerica l method s i n mechanic s ha s bee n attractin g an increasin g

numbe r o f students , researcher s an d desig n specialist s fro m al l branche s o f engineering .

A numbe r o f distinguishe d author s publishe d book s dealin g wit h numerica l method s i n

mechanics durin g th e pas t decade . Contribution s o f K . J . Bathe ; J . H . Argyri s an d

H. P. Mlejnek ; M. A. Crisfield ; T . J . R. Hughes ; E. Hinto n and D. R. J . Owen ; J. T . Oden ;

and O . C . Zienkiewic z an d R . L . Taylor ar e amon g the mos t widel y respecte d ones .

The ai m of the presen t boo k is to hel p the reade r i n understandin g the natur e an d th e

theoretica l basi s o f the mos t widel y used numerica l methods—th e finit e elemen t metho d

(FEM) an d th e boundar y elemen t metho d (BEM)—and , at th e sam e time , t o sketch th e

most promisin g direction s of thei r futur e development . Of course , it i s hardl y possibl e t o

cover all of the topic s i n thi s broad are a in ful l detail . Attentio n i s paid mainl y to the mos t

efficien t an d reliabl e method s whic h have becom e widel y popular , an d t o method s whic h

are currentl y unde r fas t development . Thi s i s also reflecte d by the selectio n o f examples ,

which eithe r illustrat e variou s computationa l algorithm s and compar e thei r accurac y an d

efficiency, o r elucidat e the mechanica l processes unde r investigation . Traditiona l example s

covered b y standar d textbook s (related , e.g. , t o th e linea r theor y o f plates and shells , o r

linear stabilit y an d vibratio n analysis ) hav e bee n deliberatel y omitted .

In the authors ' opinion , the boo k covers al l the topic s essentia l fo r student s o f elemen-

tary an d intermediat e courses on numerica l method s in solid mechanics , and , i n addition ,

it give s a n overvie w o f the mos t vita l area s o f curren t research . Problem s no t directl y

related t o soli d mechanic s (e.g. , problem s of electri c and magneti c potential , linea r fluid

mechanics, hig h spee d ga s flow , couple d problems , shallo w wate r equation s an d wav e

propagation ) a s wel l a s hint s o n programmin g have bee n omitted . O n th e othe r hand ,

we offe r a  detaile d presentatio n o f th e fundamenta l equation s i n soli d mechanic s wit h

emphasi s o n constitutiv e equation s includin g quasibrittl e materials , inspire d b y th e volu -

minou s textboo k Stability  o f Structures  b y Z . P . Bazan t an d L . Cedolin . Thi s relativel y

new area is likel y to affec t desig n method s in th e nea r futur e an d i t shoul d be brough t t o

the attentio n o f engineerin g student s intereste d i n numerica l methods .

The presen t boo k also thoroughl y discusses model s of beams an d plate s continuousl y

supporte d b y a n elasti c foundation , whic h hav e man y application s i n geotechnica l engi -

neering , and probabilisti c method s applicable , e.g., to slope stabilit y analysis . I n additio n

to FEM , th e boo k explain s th e fundamental s of BE M (includin g it s symmetri c versio n

and combinatio n wit h FEM) a s an alternat e numerica l method wit h importan t advantage s

over FE M i n certai n situations .

Emphasis is placed o n the understandin g of basic principle s rathe r tha n on the detail s

of individua l numerica l algorithms . Th e authors ' intentio n was to educat e th e reade r an d

help hi m o r he r t o develo p analytica l skill s necessary fo r conceptua l thinking . W e hop e

that thi s aspec t wil l mak e ou r boo k a  usefu l complemen t to th e existin g publications ,

most o f which deal mainl y wit h specifi c application s o f FEM i n mechanics .
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Introduction

The materia l i n thi s boo k is divide d int o two parts .

Part I  ca n b e studie d b y readers wh o have acquire d basi c knowledg e in elementar y

courses such a s Strengt h o f Materials , or Structura l Analysis . I t consist s o f five chapters.

Chapter 1  is a revie w of basic notions , relation s and principle s o f solid mechanics . I t

should no t onl y facilitat e furthe r readin g bu t als o mak e th e reade r awar e o f new trend s

in nonlinea r materia l modeling . Problem s relate d t o damage localization , siz e effect , etc.,

are so importan t that , despit e th e limite d scope o f this book , the author s a t least briefl y

explain thei r essence an d give the appropriat e references .

Chapter 2  is devoted to  skeletal structure s (trusses , frame s and grillages) wit h specia l

attention t o soil-structur e interaction . I t present s a  consisten t derivatio n o f the stiffnes s

matrix of an elastic foundatio n based o n the Winkler-Pasterna k model , which is later used

in linea r stabilit y an d vibratio n analysis . Attentio n i s also pai d t o curve d bea m element s

based o n th e principl e o f decompositio n o f membran e an d bendin g effects . Th e chapte r

is conclude d by remark s o n stati c condensatio n an d o n coordinat e transformation .

Chapter 3  represent s th e cor e o f the par t devote d t o linea r problems . Afte r a n ini-

tial introductio n t o isoparametri c elements , a  thin-walle d bea m elemen t base d o n th e

Umanski-Mindlin-Reissne r hypothesi s i s derived . Th e nex t sectio n present s element s fo r

plane problem s (plan e stress o r plan e strai n analysis ) wit h several usefu l modifications ,

which ca n b e exploite d whe n analyzin g dee p beams , whe n combinin g in-plan e loade d

plates wit h frames , an d whe n constructin g efficien t shel l elements . Element s fo r plat e

bendin g (optionall y supporte d b y a n elasti c Winkler-Pasterna k foundation ) are derive d

from Kirchhof f theory , an d fro m Mindlin-Reissne r theory . Th e curve d bea m elemen t

based o n the principl e of decompositio n from Chapte r 2  is generalize d to a  shel l element .

The las t portio n o f the chapte r deal s wit h specia l element s for subgrad e modelin g in soil-

structur e interactio n analysis . Chapte r 4  generalize s plane element s to three-dimensiona l

solid elements .

Chapter 5  i s devote d t o linea r stabilit y an d vibratio n analysis . Asid e fro m stan -

dard method s (Rayleigh-Rit z method , invers e iteration , Jacob i method , subspac e itera -

tion method) , Lanczo s metho d is thoroughl y discussed. Force d vibration s ar e analyzed b y

eigenmode decompositio n (wit h special emphasi s o n alternat e models fo r damping) , an d

by direc t integratio n (centra l differenc e scheme , Newmar k metho d an d Wilso n method) .

The latte r approach i s applicabl e to linea r as well as nonlinea r equation s o f motion. Tw o

method s o f finding a periodi c response to a  harmoni c excitatio n (th e solutio n in comple x

number s and th e eigenmod e decomposition ) are the n explained , and thei r applicabilit y t o

models with proportiona l an d nonproportiona l dampin g is discussed .

Part I I ha s bee n designed for readers who are already familia r with method s of linear

finite elemen t analysis . I t consist s of six chapter s coverin g thre e mai n subjects : specia l

linear problem s solve d b y FE M (Chapter s 6  an d 7 ) an d BE M (Chapte r 8) , nonlinea r

problems (Chapte r 9) , and some modern topics (adaptivit y i n Chapter 1 0 and probabilisti c

approach i n Chapte r 11).

Chapter 6  presents semianalytica l solution s based o n Fourier expansion in one direction

and finit e element discretizatio n in the othe r (orthogonal ) direction . Method s o f this kind

(finit e stri p methods ) ar e applicable , e.g., to curve d bo x girders .

Chapte r 7  deal s wit h othe r specia l application s o f FEM. Analysi s o f warping torsio n

is followe d b y diffusio n problem s (hea t conductio n an d moistur e transport) . A  simila r

numerical approac h i s applie d i n th e analysi s o f deformatio n o f soils an d othe r porou s
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materials. Som e problems of linear elastic fractur e mechanic s are also included , and the y

are supplemented b y comments on nonlinear fractur e mechanics.

Chapter 8  explains basic ideas of the boundar y element method and its modifications.

It tackles both static and dynamic problems with special emphasis on recent developments

leading to a symmetric version of BEM, which has important advantages when combining

BEM with FEM .

Chapter 9 shifts the focus to nonlinea r problems. I t addresses bot h geometric and ma-

terial nonlinearities . Geometricall y nonlinear effect s ar e demonstrate d b y an elementar y

example of a truss element . Th e basic notion s are then generalized for a continuum, and

the Total Lagrangian and Update d Lagrangian formulation s using the incrementa l form of

the principl e of virtual displacements are explained. Th e discretizatio n procedure is then

generalized t o isoparametri c element s of an arbitrar y shape an d supplemente d by com-

ments on discretization o f a degenerate continuu m (arches and shells). Specia l attention

is paid t o moder n solutio n method s for sets o f nonlinea r equations. Beside s bein g very

efficient, thes e method s are applicable even to problem s for which the standard Newton-

Raphson techniqu e wit h load contro l fail s (snap-through , snap-back). Thi s section als o

includes basic fact s o n stabilit y analysis o f individua l branches o f the equilibriu m dia -

gram. BE M has some advantages whe n applie d to problem s with materia l nonlinearity .

Dual formulation s based on  initia l strai n and  initia l stress concept s are  presented and

discussed.

Chapter 10 is devoted to the currentl y very popular area of adaptive meshes, especially

to hierarchica l elements and the p-version of FEM. The mathematica l theor y of FEM ha s

provided reliable error estimators. Base d on an error estimate, the mesh can be modified so

that the error is approximately uniform . Application s of artificial intelligence to adaptive

remeshing are briefl y discussed an d illustrated by an example.

Chapter 1 1 gives an overview of probabilistic methods used in combination with FEM

or BEM , whic h includ e statistical method s (Mont e Carlo simulation , stratificatio n LH S

method) an d nonstatistica l method s (probabilisti c FEM).

The boo k is appropriat e fo r undergraduat e students o n senio r level (Volum e I) an d

for graduat e student s (bot h parts) . I n th e authors ' opinion , it provide s material for u p

to fou r courses—fundamental s o f linear FEM, dynami c analysis, nonlinea r problems and

special topics .
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