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l;initc  clcmcnt Jll Od(’]l  Jlf?  })2S JJJXJVCJI uscfLIl fO1’ aCCLJrat C]y
siJnulati  Jlg scattcrcd 01 ra(li;it((l clcctroJlla  g,llctic f i e l d s  froJl~
comp]cx three-dinlcJlsioJla] f~biccls  w h o s e  gconlctIy v a r i e s  o n  t h e
s c a l e  of a fraction of a \J’iI\’(.’l(,.J)jI,tlI. (~ol)vcrgcncc of the  s imulat ion
caJ~ bc a s s e s s e d  b y  uJ~ifoil]ll~ in(’1’casing!  t h e .  Jncs}I dcJ~sity  until a n
obscrvab]c  quaJ~tity  st;lbili~c.. ] )cpcJlding OJ) the e l e c t r i c a l  s i z e  o f
the problcm, unifor}n rcl[i lIcJllC]ll of the Jl”JCSh Jllay b C
computational]y iJlfcasiblc  dII(” It) mcJnory  l i m i t a t i o n s . S imi lar ly ,
dC]>CJldi Jlg on the geometric c~~lllplcxity  of the ot).icct b e i n g  m o d e l e d ,
uniforJn rcfi JlcJncnl c a n  br itl~f~icicllt  s i n c e  rc~:ions  t h a t  d o  Jlot Jlccd
rCfi JICJll CJlt add 10 the ct)i-ll]~llt:llion:il cxpcrlsc. IJI e i t h e r  c a s e ,
convcrgcJlcc  tO thC COJ’I(X’[ (11](’ils(l]cd)  S()]Uli Oll iS n o t  guaraJltccd.

A d a p t i v e  m e t h o d s  a{ ICI II]It to sclcctivcly rc.f’inc t h e  r e g i o n  o f
t h e  m e s h  t h a t  i s  cstima{cd [o ct)n[ain proportio J~ally h i g h e r  s o l u t i o n
errors. “]’hc rcfi Jlcmcnl n I a y IN) ol)taiJ~cd by dccrcasing, t h e  c]c Jncnt
Si7,C (h-lCfi JIClll CJlt), by ill(:l~:asiJly tllc o r d e r  o f  t h e  clcnlcJlt (P-
J“cfincJllcJlt)  or b y  a  coJllbill:i[i{~n O f  t h e  two (h-]i l’Cfi JICJllCJlt). A
Succcssfll] adapt ive St J:it  C#, ~ J’Cfi JICS t IIC mcsll t o  p r o d u c e a JI

accu Jatc s o l u t i o n  Jll CaSLIJ”Cd  aj’, ail”lsl t h e  corrcc[  f i e l d s  w i t h o u t  uJIduc
computational CXpCJISC. ‘I$llis is accon)plishc(i  b y  t h e  u s c  o f  a )
rcliab]c a postcriori CJ JOJ - ci.liln;  ttcs, b )  h i e r a r c h a l  e.lcmcJIts,  a n d

c) automatic a d a p t i v e  I~Ics)I  )1, CIICI iltioll. V a r i o u s  ([ po,vlcriori e r r o r

cslimatcs h a v e  bccJl USC(I ill i  JIICI na]  rcf,io J~ prob]e.Jns iJ~ t h e  p a s t .
II) t h i s  p a p e r ,  Illat}lCll”l ilti(”:ll  (Ict clol)l-Jlcnts o f  (1 po,~leriori  e r r o r

csti Jnatcs dcvclopcd i n  stJll(lllJ:ll tllccha J~ics aJ~(l flui(] dynaJnics ( M .
AiJlsworth aJld T .  OdcIJ,  (~~~//)J/I/, Afetl~od,s  A])j)l.  Alech. Engrg., 1 0 1 ,

73-96, 1992), aJld t r i e d  ill c](>(’tr(lil”la[;Jlctic  prob]c.lns (];. M e y e r  a n d
1>. ]lavidsoJl,  L’leclr. l.eIt., 30, 9+6- ‘)38, 1994) wi l l  bc e x a m i n e d  f o r
iJltcrJla]  a n d  extcrna]  sca.ttt’ti~]{’  ]llob]cJns.


