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K R À T À K  1 S T  ORI  J S K I  P R E G L E D

Ot  s t u p a n j e  od p r e t p o s t a v k e  o r a v n i m  p r e s e c i m a  na k o j o j  

se z a s n i v a  k l a s i č n a  t e o r i j a  š t a p o v a  p r v i  j e  u o č i o  C.  B a c h  [ 1 ]  

1 9 0 9 ,  v r š e ć i  e k s p e r i m e n t e  sa n o s a č t m a  f - p r e s e k a ,  o p t e r e ć e -  

ni h na s a v i j a n j e .  2 a  t o r z i o n e  d e f o r m a c i j e  k o j e  su se j a v l j a l e  

s m a t r a o  j e  da  su  p o s l e d i c a  ne s i m e t r i č n o s t i p o p r e č n o g  p r e s e -  

k a .  T e k  j e R.  M a i l l a r t  [ 2 5 ]  dao i s p r a v n o  o b j a š n j e n j e  o v e  p o -  

j a v e ,  p o k a z a v š i  da  do o d s t u p a n j a  od r a v n o g  p r e s e k a  m o ž e  d o ­

di  i k o d  d v o o s n o  s i m e t r i č n i h  p r e s e k a .

P r v i  t e o r i j s k i  r a d  u k o j e m  se r a z m a t r a  p i t a n j e  t a n k o z i d -  

n i h n o s a č a  o t v o r e n o g  p r e s e k a ,  i u v e z i  sa  t i m  p r o b l e m  t o r -  

z i o n o g  i z b o č a v a n j a ,  p o t i č e  od S.  T i m o š e n k a  [ 4 3 ] .  R e š a v a j u ć i  

p r o b l e m  t o r z i o n e  s t a b i l n o s t i  n o s a č a  J - p r e s e k a  T i m o š e n k o  j e 

p o k a z a o  da  se  u p r e s e k u ,  p o r e d  s m i č u ć i h  n a p o n a ,  p o j a v l j u j u  

i n o r m a l n i  n a p o n i .

H.  W a g n e r  [ 4 9 ]  i R.  K a p p u s  [ 2 1 ]  i s p i t u j u ć i  p r o b l e m  t o r -  

z i o n o g  i z b o č a v a n j a  t a n k o z i d n i h  n o s a č a  i z v o d e  o p ë t e  d i f e r e n -  

c i j a l n e  j e d n a č i n e  i z v i j a n j a  c e n t r i č n o  p r i t i s n u t i h  e l e m e n a t a .

Od p o s e b n o g  z n a č a j a  za  d a i j i  r a z v o j  t e o r i j e  t a n k o z i d n i h  

n o s a č a  p r e t s t a v l j a  r a d  V.  V l a s o v a  [ 4 8 ] ,  U v o d j e n j e m  n o v i h  p o j -  

m o v a ,  s e k t o r s k e  k o o r d l n a t e  i g e n e r a I i s an i h b i m o m e n a t a ,  i n j i -  

h o v o g  p r e c i z n o g  f i z i č k o g  o d r e d j e n j a ,  V l a s o v  j e  p o s t a v i o  t e o r i -  

j u  k o j a  j e  n a š l a  š i r o k u  p r a k t i č n u  p r i m e n u  u p r o r a č u n u  r a z n i h  

i n ž e n j e r s k l h  k o n s t r u k c i j  a .

A.  G o l d e n v e i z e r  [ 1 5 ] ,  p o l a z e ć i  od t e o r i j e  c i l i n d r i č n i h  I j u - 

s k i ,  p r e c i z n o  o d r e d j u j e  p o d r u č j e  v a ž n o s t i  p r e t p o s t a v k i  t e o r i ­

j e  V l a s o v a .

P r v i  r a d o v i  i z  t e o r i j e  t a n k o z i d n i h  n o s a č a  z a t v o r e n o g  p o p -  

r e č n o g  p r e s e k a  j a v l j a j u  se z n a t n o  k a s n i j e .  P o k u š a j  da  se p o ­

s t i g n e  p o t p u n a  a n a l o g i j a  sa p r o f i l i m a  o t v o r e n o g  p r e s e k a  ni  j e  

d a l a  z a d ovo  I j a V aj  u ć e r e z u l t a t e .  A.  U m a n s k i  [ 4 4 ]  p o l a z e ć i  od
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p r e t p o s t a v k e  da su p o m e r a n j a  u s l e d  d e p l a n a c i j e  d u ž  s r e d n j e  

l i n i j e  p r e s e k a  I s t a  k a o  i k o d  s l o b o d n e  S a i n t - V e n a n t o v e  t o r z i -  

j e  z a t v o r e n i h  p r o f i l a  da  j e  p r i b l i ž n o  r e š e n j e ,  ko  j e  će p r e t s t a -  

v l j a t i  o s n o v u  za  d a l j a  i s t r a ž i v a n j a  u ov o j  o b l a s t i .

V e o m a  d e t a l j a n  p r i k a z  t e o r i j e  t a n k o z i d n i h  n o s a č a  o t v o -  

r e n o g  i z a t v o r e n o g  p r e s e k a  sa  o r i g i n a l n i m  p r i s t u p o m  p r o b l e -  

mu m o ž e  se n a ć i  u k n j i z i  C.  K o l l b r u n n e r a  i N.  H a j d i n a  [ 2 2 ] .

Z b o g  m a t e m a t i č k e  s l o ž e n o s t i  p r o b l e m a  a n a l i t i č k a  r e š e -  

n j a  m o g u ć a  su s a m o  z a  n aj  j e d n o s t a v n ij e n o s a č e ,  sa  o d r e d j e -  

n i m g r a n i č n i m  u s l o v i m a  i o p t e r e ć e n j e m ,  pa se u p o s l e d n j e  v r e -  

me v e l i k a  p a ž n j a  p o k l a n j a  r a z Y O j u  n u m e r i č k i h  m e t o d a .  P r i m e -  

na k o m p j u t e r a  i m e t o d e  k o n a č n i h  e l e m e n a t a ,  k a o  j e d n e  od v e ­

o ma  e f i k a s n i h  n u m e r i č k i h  m e t o d a ,  o m o g u ć i l a  j e  a n a l i z u  s l o ž e -  

n i j i h  k o n s t r u k c i j a .  D e f i n i s a n j e m  o d g o v a r a j u ć i h  m a t r i c a  k r u -  

t o s t i  r e š a v a j u  se s l o ž e n i  p r o b l e m i  s t a b i l n o s t i ,  g e o m e t r i j s k e  I 

m a t e r i j a l n e  n e l i n e a r n o s t i  i p o s t k r i t i č n o g  p o n a š a n j a  t a n k o z i d ­

n i h  nos  a č a .

M a t r i c a  k r u t o s t i  t a n k o z i d n o g  e l e m e n t a  o t v o r e n o g  p o p r e -  

č n o g  p r e s e k a  p r v i  p u t a  p r i k a z a n a  j e  u r a d u  J.  K r a h u l e  [ 2 3 ] ,

J.  R e n t o n  u s v o m  r a d u  [ 3 5 ]  o d r e d j u j e  m a t r i c u  p o č e t n i h  

n a p o n a ,  a R. B a r s o u m  Ì R.  G a l l a g h e r  [ 7 ] ,  r e š a v a j u ć i  p r o b l è ­

me s t a b i l n o s t i ,  i z Y o d e  m a t r i c u  p o č e t n i h  a k s i j a l n i h  s i l a  i m a ­

t r i c u  p o č e t n i h  m o m e n a t a  s a v i j a n j a .

Z.  B a ž a n t  i M.  N l m e i r i  [ 6 ]  u m a t r i c u  k r u t o s t i  u v o d e  b i ­

mo m e n t i o d r e d j u j u  g e o m e t r i j s k u  m a t r i c u  k r u t o s t i .

P o l a z e ć i  od u p d a t e d  L a g r a n g e o v e  f o r m u l a c i j e  p r o b l e m a  i 

p r i n c i p a  v i r t u a l n i h  p o m e r a n j a  M.  S e k u l o v i ć  i A.  P r o k i ć  [ 3 2 ] ,  

[ 3 9 ] ,  [ 4 - 0 ]  i z v o d e  o p š t u  l i n e a r n u  i g e o m e t r i j s k u  m a t r i c u  k r u ­

t o s t i  p r o s t o r n o g  t a n k o z i d n o g  š t a p a  o t v o r e n o g  p o p r e č n o g  p r e ­

s e k a  i r e š a v a j u  p r o b l è m e  p o s t k r i t i č n o g  p o n a š a n j a  k o n s t r u k ­

c i j a .

Ra d o v i  k o j i  t r e t i r a j u  t a n k o z i d n e  n o s a č e  z a t v o r e n o g  p o p -  

r e č n o g  p r e s e k a  n o v i j e g  su d a t u m a  [ 3 8 ] ,  [ 5 0 ] ,  [ 3 0 ] ,  [ 2 4 ] ,  U 

d o k t o r s k o j  d i s e r t a c i j i  M.  S e k u l o v i ć a  [ 3 6 ]  p r e d l o ž e n a  j e  f u n -  

k c l j a  d e p l a n a c i j e  k o j a  i m a  o p š t i j i  k a r a k t e r  I m o ž e  se  p r i m e -  

n i t i  na e l e m e n t e  sa  v e o m a  t a n k i m  z i d o v i m a  k a k o  o t v o r e n o g  t a -  

ko i z a t v o r e n o g  p o p r e č n o g  p r e s e k a .
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U V O D

T e h n i č k a  t e o r i j a  t a n k o z i d n i h  n o s a č a  o t v o r e n o g , n e d e f o r -  

m a b i l n o g  p o p r e č n o g  p r e s e k a  z a s n o v a n a  j e  na p r e t p o s t a v k a m a  

V.  Z . V l a s o v a :

-  d e f o r m a c i j a  k l i z a n j a  u s r e d n j o j  p o v r š i n i  š t a p a  se z a -  

n e m a г u j e

-  l i n i j s k i  e l e m e n a t  u p r a v a n  na s r e d n j u  p o v r š i n u  i p o s l e  

d e f o r m a c i j e  o s t a j e  p r a v  i u p r a v a n  na d e f o r m l s a n u  s r e ­

d n j u  p o v r š i n u

P o l a z e ć i  od g o r n j i h  p r e t p o s t a v k i  p o m e r a n j a  t a č a k a  u p r a v c u  

o s e  š t a p a  m o g u  se  p r i k a z a t i  u z a v i s n o s t i  od p a r a m e t a r a  p o ­

m e r a n j a  u r a v n i  p r e s e k a  i t r a n s I a t o r n o g p o m e r a n j a  p r e s e k a  

k a o  k r u t e  r a v n i .  R a s p o d e l a  n o r m a l n i h  n a p o n a ,  i z a z v a n i h  d e ­

p l a n a c i  j o m , o d r e d j e n a  j e  s e k t o r s k o m  k o o r d i n a t o m  I k v a l i t a t i -  

v n o  j e  i s t a  za  SYe p o p r e č n e  p r e s e k e .  S a i n t - V e n a n t o v i  s m i č u -  

ći  n a p o n i  x s r a s p o r e d j e n i  su a n t i m e t r i č n o  u o d n o s u  na s r e d ­

n j u  l l n l j u  p r e s e k a .  N a p o n i  x w , i z a z v a n i  o g r a n i č e n o m  t o r z i j o m ,  

ne m o g u  s e ,  s o b z i r o m  na u č i n j e n e  p r e t p o s t a v k e ,  o d r e d i t i  d i ­

r e  k t n o i z  d e f o r m a c i j a  k l i z a n j a .  N j i h  o d r e d j u j e m o  p r e k o  n o r ­

m a l n i h  n a p o n a ,  i z u s l o v a  r a v n o t e ž e .  Kao  p o s l e d i c a  j a v l j a  se 

n e u s a g l a š e n o s t  p o l j a  n a p o n a  i po l  j a  d e f o r m a c i j a ,  o d n o s n o  d e ­

f o r m a c i j e  s r a č u n a t e  i z k o m p o n e n t a l n i h  n a p o n a  ne z a d o v o l j a -  

v a j u  u s l o v e  k o m p a t i b i I n os t i . I p a k ,  o v a  t e o r i j a  z b o g  s v o j e  j e d -  

n o s t a v n o s t i  i ma  š i r o k u  p r i m e n u  i za S t a p o v e  sa  o t v o r e n i m  p o -  

p r e č n i m  p r e s e k o m ,  k o d  k o j i h  su n a p o n i  x s z n a t n o  v e ć i  od n a ­

p o n a  X , da j e  d o v o l j n o  t a č n e  r e z u l t a t e .

T e o r i j a  t a n k o z i d n i h  š t a p o v a  z a t v o r e n o g  p o p r e č n o g  p r e ­

s e k a  r a z m a t r a  se o d v o j e n o .  Kod z a t v o r e n i h  p r e s e k a  i u s l u -  

č a j u  s l o b o d n e  t o r z i j e  s m i č u ć i  n a p o n i  r a s p o r e d j e n i  su r a v n o -  

m e r n o  po d e b l j i n i  z i d a .  Z a d r ž a v a n j e  g o r n j i h  p r e t p o s t a v k i  o č i -
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g l e d n o  bi  z n a č i l o  o t s u s t v o  b i l o  k a k v e  d e f o r m a c i j e ,  pa se d e -  

p l a n a c i j a  p r e s e k a  k v a l i t a t i v n o  o p i s u j e  f u n k c i j o m  k o j a  se u n a -  

p r e d  o d r e d j u j e .  N a j č e š ć e  se  u s v a j a  f u n k c i j a  S a i n t  -  Ve  n an t o v e 

s l o b o d n e  t o r z i j e  š t a p o v a  z a t v o r e n o g  p o p r e č n o g  p r e s e k a .

P o d e i a  t a n k o z i d n i h  n o s a č a  na o t v o r e n e  i z a t v o r e n e  u s l o -  

v l j e n a  j e  i m a t e m a t i č k o m  s l o ž e n o š ć u  p r o b l e m a .  P r i m e n a  m e ­

l o d e  k o n a č n i h  e l e m e n a t a ,  k a o  J e d ne  od n u m e r i č k i h  m e t o d a ,  uz  

p r i m e n u  s a v r e m e n i h  e l e k t r o n s k i h  r a č u n a r a ,  o m o g u ć u j e  o p š t i j i  

p r i s t u p  t e o r i j i  t a n k o z i d n i h  n o s a č a ,  sa m o g u ć n o š ć u  a n a l i z e  1 

n e l i n e a r n i h  p r o b l e m a  ( g e o m e t i j s k i h i m at  e r i j a I n i h ) . Ov a j  r a d  

p r e t s t a v l j a  p r i l o g  o v o j  o b l a s t i .

F u n k c i j a  d e p l a n a c i j e  k o j a  se p r e d l a ž e  o m o g u ć u j e  j e d i n -  

s t v e n u  a n a l i z u  t a n k o z i d n i h  n o s a č a  o t v o r e n o g  i z a t v o r e n o g ,  

n e d e f o r  m a b i I n og  , p o p r e č n o g  p r e s e k a .  P r e t p o s t a v k a  o z a n e m a -  

r e n j u  k l i z a n j a  u s r e d n j o j  p o v r š i n i  š t a p a  ni  j e  n e o p h o d n a ,  pa se 

s m i č u ć i  n a p o n i  m o g u  o d r e d i t i  d i r e k t n o  i z o d g o v a r a j u ć i h  k o m -  

p o n e n t a l n i h  d e f o r m a c i j a .  R a s p o r e d  n o r m a l n i h  n a p o n a  i z a z v a -  

n i h  d e p l a n a c i  j o m  ni  j e  v i š e  o d r e d j e n  s e k t o r s k o m  k o o r d i n a t o m ,  

v e ć  p a r a m e t r i m a  p o m e r a n j a  č v o r n i h  t a č a k a ,  i u o p š t e m  s l u -  

č a j u  p r o m e n l j i v  j e  od p r e s e k a  do p r e s e k a .  K o n a č n i  e l e m e n a t ,  

k o j i  j e  r a z v i j e n  p o l a z e ć i  od u s v o j e n i h  p r e t p o s t a v k i ,  m o ž e  se 

k o r i s t i t i  u a n a l i z i  k o n s t r u k c i j a  k o m b i n o v a n i h  i s t o v r e m e n o  od 

n o s a č a  o t v o r e n o g  i z a t v o r e n o g  p r e s e k a ,  š t o  j e  z n a č a j n a  p r e -  

d n o s t  u o d n o s u  na  k l a s i č a n  t a n k o z i d n ì  k o n a č n i  e l e m e n a t .

U 1. p o g l a v l j u  i z v e d e n e  su d i f e r e n c i j a l n e  j e d n a č i n e  t a n -  

k o z i d n o g  n o s a č a  p r o i z v o l j n o g  p o p r e č n o g  p r e s e k a  u o k v i r u  l i ­

n e a r n e  t e o r i  j e .

U 2.  p o g l a v l j u  m e t o d o m  k o n a č n i h  e l e m e n a t a  i z v e d e n e  su 

l i n e a r n a  i n e l i n e a r n a  m a t r i c a  k r u t o s t i  g e o m e t r i j s k i  n e l i n e a r ­

n i h  p r o b l e m a .  P o s m a t r a n a  su d v a  e l e m e n t a ,  sa  i b e z  u t i c a j a  

t r a n s v e r z a I n i h s i l a  od s a v i j a n j a  na d e f o r m a c i j u  n o s a č a .

U 3.  p o g l a v l j u  o p i s a n e  su i n k r e m e n t a l n e  m e t o d e  r e š a v a -  

n j a  n e l i n e a r n i h  j e d n a č i n a  r a v n o t e ž e ,  a o d g o v a r a j u ć i  n u m e r i č k i  

p r i m e r i  d a t i  su  u p o g l a v l j u  4-.

U 6 .  p o g l a v l j u  o p i s a n  j e  r a č u n s k i  p r o g r a m  r a z v i j e n  na o -  

s n o v u  t e o r i j s k i h  r a z m a t r a n j a  u p r e d h o d n i m  p o g l a v l j i m a  sa  d e -  

t a l j n l m  u p u t s t v i m a  za  n j e g o v u  p r i m e n u .
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1 .  T A N K O Z I D N I  Š T A P  P R O I Z V O L J N O G ,
O T V O R E N O G  ILI Z A T V O R E N O G  P O P R E Č N O G  P R E S E K A

1.1 OSNOVNE PRETPOSTAVKE

P o s m a t r a  se p r a v  t a n k o z i d n i  š t a p o t v o r e n o g  i l i  z a t v o r e -  

n o g ,  u o p š t e m  s l u č a j u  v i š e č e I i j s k og p o p r e č n o g  p r e s e k a .  P r o -  

Ì Z Y o I j n a  s r e d n j a  l i n i  j a  p o p r e č n o g  p r e s e k a  a p r o k s i m i r a n a  Je p o -  

l i g o n a l n o m ,  p r i  č e m u  se  b r o j  s t r a n a  p o l i g o n a  u s v a j a  u z a v ì s -  

n o s t i  od t a č n o s t i  k o j a  se  ž e I i p o s t i ć i ,  ( s 1.1 ) . T a č k e  u ko  j i ma  

se s u s t i č u  d v e  i l i  v i š e  s t r a n a  p o l i g o n a  n a z i v a j u  se č v o r n e  t a -  

č k e .
!
\

Z a  z o s u  D e s c a r  t e s o v o g  k o o r d ì n a t n o g  s i s t e m a  u s v o j e n a  

j e  p r a v a  k o j a  s p a j a  t e ž i š n e  t a č k e  p o p r e č n i h  p r e s e k a ,  d o k  se 

X i y  o s e  p o k l a p a j u  sa  g l a v n i m  o s a m a  i n e r c i j e  p r e s e k a .

P o r e d  u o b i č a j e n i h  p r e t p o s t a v k i  l i n e a r n e  t e o r i  j e  e l a s t i č -  

n o s t ì  u d a l j ì m  r a z m a t r a n j I m a k o r i s t i ć e  se ì s l e d e ć e  p r e t p o s -  

t av k e :

-  p o p r e č n i  p r e s e c i  š t a p a  s u  n e d e f o r m a b i l n l  u s v o j o j  r a -  

V n i
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-  p o m e r a n j a  u p r a v c u  o s e  S t a p a ,  d u ž  s r e d n j e  l i n i j e  p r o ­

f i l a ,  m e n j a j u  se  l i n e a r n o  i z m e d j u  s u s e d n i h  č v o r n i h  t a - 

č a k  a p o l i g o n a

-  r e l a t i v n o  k r i v l j e n j e  p r e s e k a  u o d n o s u  na s r e d n j u  l i n i j u  

( p o p r e č n a  d e p l a n a c i  j a )  k v a l i t a t i v n o  j e  o d r e d j e n o  r e S e -  

n j e m  S a i n t -  V e n an t ov e s l o b o d n e  t o r z i j e

1.2 DEFORMACI J A STAPA

P o l a z e ć i  od p r e t p o s t a v k e  o n e d e f o r  m ab i I n o s t i p o p r e č n o g  

p r e s e k a ,  z a  o p i s i v a n j e  p o m e r a n j a  u r a v n i  p r e s e k a  d o v o l j n a  su 

t r i  p a r a m é t r a .  K a d a  se za  p a r a m é t r é  p o m e r ' a n j a  u s v o j e  p o m e ­

r a n j a  t e ž i š n e  t a č k e  p r e s e k a  u i v u p r a v c i m a  o s a  x  i y ,  i o -  

b r t a n j e  p r e s e k a  & o k o  t e ž i š n e  t a č k e ,  t a d a  su p o m e r a n j a  p r o -  

i Z Y o l j n e  t a č k e  p r e s e k a  u0 i v0 , u p r a v c i m a  x  i y , p r i  m a l i m  u -  

g l o v i m a  o b r t a n j a ,  o d r e d j e n a  i z r a z i m a :

u0 = u -  y  & 

v0 = V + x ê
( 1 . 1)

P o m e r a n j e  t a č a k a  u p r a v c u  o s e  S t a p a  m o ž e  se  r a z l o ž i -  

t i  u d v a  d e l à .  P r v i ,  i z a z v a n  a k s i j a l n i m  n a p r e z a n j e m  i s a v i j a -  

n j e m  S t a p a ,  p r e t s t a v l j a  p o m e r a n j e  p r e s e k a  k a o  r a v n o g :

wr  = w 0 + уфх -  хфу  ( 1 . 2 )

g d e  p a r a m e t a r  wo o z n a č a v a  t r a n s l a t o r n o  p o m e r a n j e ,  a p a r a ­

m e t r i  фх i фу  o b r t a n j e  p r e s e k a  o k o  x  i y  o s e .

D r u g !  Cl an  u i z r a z u  za a k s i j a l n a  p o m e r a n j a  o d r e d j u j e  d e -  

p l a n a c i j u  p r e s e k a  n a s t a l u  u s l e d  t o r z i j e .  Ov a j  d e o  u k u p n o g  p o ­

m e r a n j a  n a j č e š ć e  se  p r i k a z u j e  k a o  p r o l z v o d  d v e  f u n k c i j e  n e -  

z a v i s n i h  a r g u m e n a t a :

wd = 0 ( x , y ) w ( z )  ( 1 . 3 )

F u n k c ì j a  Q d e f i n i S e  k v a l i t a t i v n o  d e p l a n a c i j u  p o p r e č n o g

A



5

p r e s e k a .  N a j č e š ć e  se  u s v a j a  u n a p r e d ,  k a o  f u n k c i j a  S a i n t - V e -  

n a n t o v e  s l o b o d n e  t o r z i j e .  U torr i  s l u č a j u  sv i  p r e s e c i  k r i v e  se 

na i s t i  n a č i n ,  o d r e d j e n  s e k t o r s k o m  k o o r d i n a t o m .  F u n k c i j a  w 

o d r e d j u j e  i n t e n z i t e t  d e p l a n a c i j e .  On a  p r e t s t a v l j a  novu  n e p o -  

z n a t u ,  i l i  se u s v a j a ,  k a o  p o z n a t a  v e l i č i n a ,  u f u n k c i j i  o s t a l i h  

p a r a m e t a r a  p o m e r a n j a .

U o v o m r a d u  p r e d l o ž e n  j e  nov  n a č i n  o p i s i v a n j a  d e p l a n a ­

c i j e  p r e s e k a ,  St o  č i n i  o s n o v u  d a l j e g  i z l a g a n j a ,  ì p r u ž a  m o g u -  

ć n o s t  j e d i n s t Y e n o g  p r i k a z a  t e o r i j e  t a n k o z i d n i h  n o s a č a  o t v o -  

r e n o g  i z a t v o r e n o g  p o p r e č n o g  p r e s e k a :

wd = wd + w d ( 1 -4)

gd e  j e :

wj = IJß' ( x , y )  wj ( z )  i = 1, 2 , . . . ,n  (1 . 5 )

d e p l a n a c i j a  d u ž  s r e d n j e  l i n j e  p r e s e k a .  Z a  n e p o z n a t e  p a r a m é ­
t r é  p o m e r a n j a  w m o ž e m o  b i r a t i  p o m e r a n j a  p r o i z v o l j n i h  t a b a ­

ka na s r e d n j o j  l i n i j i  p r e s e k a .  N a j č e š ć e  su t o  č v o r n e  t a č k e ,  

pa j e  u k u p a n  b r o j  o s n o v n i h  n e p o z n a t i h  wj j e d n a k  b r o j u  č v o r o -  

va p o l i g o n a  n .

F u n k c i j a  O 1 z a v i s n a  j e  od n a č i n a  p r o m e n e  p o m e r a n j a  i z -  

m e d j u  č v o r o v a  p o l i g o n a l n o g  p r e s e k a .  U r a d u  j e  p r e t p o s t a v l j e -  

na l i n e a r n a  p r o m e n a ,  St o  j e  s a g i a s n o  k l a s i č n o j  t e o r i j i  t a n k o ­

z i d n i h  n o s a č a ,  pa f u n k c i j a  f ì 1 d o b i j a  j e d n o s t a v n o  g e o m e t r l j s k o  

z n a č e n j e ,  ( s i . 2 ) .

si  . 2
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F u n k c ì j a  Cì1 r a z l i č i t a  j e  od n u l e  s a m o  na d e l o v i m a  k o n -  

t u r e  k o j i  se  s u s t l č u  u č v o r u  /, l l n e a r n o  se m e n j a j u ć i  od v r e -  

d n o s t i  j e d a n  u č v o r u  / , do v r e d n o s t i  n u l a  u s u s e d n i m  č v o r o -  

V I m a .
Z a  ' p o p r e č n u '  d e p l a n a c i  j u ,  t j  z a  r e l a t i v n a  p o m e r a n j a  u 

o d n o s u  na s r e d n j u  l ì n i j u  p r e s e k a ,  u s v o j e n a  j e  f u n k c ì j a :

w ® = -  co ( x  , y )  f  ( z ) ( 1 . 6 )

I n t e n z i t e t  d e p l a n a c i j e  o d r e d j e n  j e  n o v i m  p a r a m e t r o m  f , a za 

f u n k c i j u  co u s Y a j a  se  f u n k c ì j a  S a i n t -  Ve  n a n t o v e s l o b o d n e  f o r ­

zi  j e :

co = hn e ( 1. 7)

O d s t o j a n j e  hn j e  p o z i t i v n o ,  ( s 1.1 ) , a k o  za  r a v a n  sa  p o z i t Ì Y n o m  

z  o s o m  k a o  n o r m a l o m ,  j e d i n i č n i  Y e k t o r  n i m a  s m e r  o b r t a n j a  

o k o  t e ž i š n e  t a č k e  s u p r o t a n  o b r t a n j u  k a z a l j k e  na s a t u .

K a d a  se u z m u  u o b z i r  i z r a z i  ( 1 . 2 ) ,  ( 1 . 5 )  I ( 1 . 6 ) ,  za  u -  

k u p n o  a k s i j a l n o  p o m e r a n j e  w # . d o b i j a  s e :

= wQ + y  <px -хфу + Z & '  Wj -  co f  ( 1 . 8 )

T r e b a  u o č i t i  d a  od n + i p a r a m e t a r  p o m e r a n j a  vvQ, wf , w2 , 

. . . .  wn s a m o  n p a r a m é t r a  j e  m e d j u s o b n o  n e z a v i s n o .  U d a l j e m  

Ì Z Y o d j e n j u ,  z a  o p i s i v a n j e  s t a n j a  p o m e r a n j a  i d e f o r m a c i j a ,  k o -  

r l s t i ć e  s e  s v i h  n +1 p a r a m e t a r ,  uz  d o p u n s k i  u s l o v :

no r  m a l  n a s i l  a od  n a p o n a  i z a z v  an ih d e p l a n a c i  j o m ,

od  n o s  no  b i m  o me  n t  ì i z a z v  a n i  a k s i  j  a i  n o m  d e f o r m a -  ( 1 . 9 )

c i  j o m ,  j e d n a k i  s u  n u l i .

OYaj  u s I oy p r u ž a  m o g u ć n o s t ,  k a o  S t o  ć e s e  k a s n i j e  v i d e t i ,  da 

se  p r o b l e m  d e p l a n a c i j e  o d Y o j i  od p r o b l e m a  a k s i j a l n o g  n a p r e -  

z a n j a .

K o m p o n e n t e  t e n z o r a  d e f o r m a c i j e ,  r a z l i č i t e  od n u l e ,  o d r e -  

d j e n e  su  i z r a z i m a :
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à w  
d z *  = + у ф х -  х ф '  + Z Q ' w ;  -  cof '

du^ à w *  _
Z X

Z y

ÒZ 

d VM

à X

à w

= U'  -  У & '  -  Ф„ + I O . x w, -  U , J  ( 1 . 10 )

à Z à y *  = v '  + x & '  + Л + Z o ' . w ,X i У • u . y f

1.3 NAPONI I PRESEČNE SILE

P r e t p o s t a V IJ aj  u ć 1 h o m o g e n ,  I z o t r o p a n  i e l a s t i č a n  m a t e r l -  

Jal  v e z e  i z m e d j u  k o m po n e n t a I n i h n a p o n a  i k o m p on e n t al  n i h d e -  

f o r m a c i j a  d a t e  su H o o k e o v i m  z a k o n o m :

rz x  = G r z x

^z y = Q r z y

( 1 . 11)

gd e  s u ,  s o b z i r o m  na u s v o j e n e  p r e t p o s t a v k e  o d e f  o r  m a c i j a m  a 

i n a p o n i m a :

E

G

E 1

Е'
2 ( 1 + v)

( 1 . 1 2 )

Ra d a  se I z r a z i  z a  k o m p o n e n t a l n e  d e f o r m a c i j e  ( 1 . 10 )  u v r -

s t e u (1.11)  

p a r a m e t a r a

d o b i j a se 

p o m e r a n j a

v e z a i z m e d j u  k o m po n e n t a I n i h n a p o n a  i

°z = E ( K  + УФх - х ф '  + Z o ' w ; -  cof' )

Tz x = G ( u '  - у & '  - Фу * Z G ' , x wi -  co,x f ) ( 1 . 13 )

Tzy

II O ■—4
 

< i- x â - 1 + Фх * Z û ^ w , -  co.yf)

P r e s e č n e  s i l e  m o g u  se i z r a z i t l  p r e k o  n a p o n a ,  na 

j e n l  n a č i n ,  r e d u k c i j o m  e I e m e n t a r n i h s i l a  na t e ž i š n u  t a  

s e k a :

, 
V'
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N = f f  a z d F

<?x = f f ^ x d F  

Qy = f ! x z y d F

= f f y o z d F  

My = ~ f f x a z d F

Mz = f f ( x * z y  ~

Bi = f f û ioz d F  

Bu =~ffcooz dF

y r z J d F

I = 1 , 2 , . . . . П

( 1 . 14 )

P o s l e d n j a  d v a  i z r a z a  o d r e d j u j u  b i m o m e n t e ,  a n a l o g n o  n j i h o v o j  

d e f i n i e I j l  k o j a  se k o r i s t i  u V l a s o v l j e v o j  t e o r i j i  t a n k o z i d n i h  n o -  

s a č a .  Z a  s v a k i  p a r a m e t a r  p o m e r a n j a  wj ( i  = 1 , 2 . . . .  , n )  i f , k o -  

j i  o p i s u j u  d e p l a n a c i  j u p o p r e č n o g  p r e s e k a ,  mo 2 e  se f o r m u l i s a -  

t i  o d g o v a r a j u ć i  b l m o m e n a t ,  pa j e  u k u p a n  b r o j  b i m o m e n a t a  n + 1.

Ka d a  se  u g o r n j i m  i z r a z i m a  u m e s t o  n a p o n a  u n e s u  n j i h o -  

ve v r e d n o s t i  d a t e  j e d n a č i n a m a  ( 1 . 13 ) ,  uz v o d j e n j e  r a d u n a  o u -  

s I o V u ( 1 . 9 ) ,  d o b i j a  se  v e z a  i z m e d j u  p r e s e č n i h  s i l a  i p a r a m e -  

t a r a  p o m e r a n j a :

N = E F w 0

Qx = G ( F W  - F фу + £ So ‘,xwi -  Su,xf )

Qy = G ( Fv ' + F<l>x + f s o ‘,y wi -  Su,y f )

Mx = Е ( 1 у у ф х * z i y n ‘ wi' -  I y J ' ì
( 1 . 15)

My = е и х х ф;  - Z I x O lWi

Mz = G [ (  I  x x  + I  ) & ' -  y y Z l n lWi + I cof ]

B, = E ( I y  Фх -  1х п ‘ ф; + Z I q ! o jWp  1 = F 2 , . . . , n

Bco = е ( 1 х ш ф;  -• 1 у „ Ф Х + w '

gd e  su u v e d e n e  s l e d e ć e  o z n a k e :
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V '.

/ -n ,

УУ

■хП'

I y П'

у  CO

I n ‘ n1

I n '  =

f f  0 [ x d F 

f f O \y d F

f f  u  ,x d F  

f f u y d F

f f  х г d F 

f f у г d F 

f f  X O 1 d F 

f f У 0 '  d F 

f f x c o d F  

f f  y  to d F 

f f  O'  Q> d F

f f u 2 dF

f f  ( y o \ „  -  x û i. ) d F

I w ~ f f ( ya> , x - xco,y ) d F

( 1 . 16)

1 . 4  USLOVI RAVNOTEŽE

P o s m a t r a  se e l e m e n a t  S t a p a  o g r a n l č e n  p r e s e c l m a  z t = z 

1 z 2 = z + d z .  U p r o i z v o l j n o j  t a č k i  p r e s e k a  z { d e l u j e  v e k t o r  
n a p o n  a o:

a Tz x ^ x T* y 'y ( 1. 17)

a u o d g o v a r a j u ć o j  t a č k i  p r e s e k a  z 2 , na  d i f e r e n c i j a l n o  m a l o m  

r a s t o j a n j u  d z  od p r e s e k a  z 1, v e k t o r  n a p o n a  a + J -j- d z ,  ( s l . 3 ) .

Z a  s p o l j n o  o p t e r e ć e n j e  p sa k o m p o n e n t a m a  px , py i pz 

p r e t p o s t a v l j a  se da d e l u j e  u t a č k a m a  s r e d n j e  p o v r š i n e  5 1 a p a .

U s l o v l  r a v n o t e ž e  i z v e š ć e  se p r l n c l p o m  v l r t u a l n l h  p o m e -  

r an j a .
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V e k t o r  v i r t u a l n i h  p o m e r a n j a  8, z a  k o j i  se z a h t e v a  da  j e  

n e p r e k i d n a  f u n k c i j a  k o o r d i n a t a  i da z a d o v o l j a v a  u v e d e n e  p r e -  

t p o s t a v k e  o d e f o r m a c i j i  š t a p a ,  mo ž e  se u s v o j i t i  u i s t o m  o b -  

l i k u  k a o  i v e k t o r  s t v a r n i h  p o m e r a n j a :

J  == U+ l x * . ‘ y

= (u -  y & ) i x + ( v  + x & ) i y + ( w Q + y <px хфу + Z O ' w jУ / 1

( 1 J  8 )
Cûf ) l z

V i r t u a l n i  p a r a m e t r i  p o m e r a n j a ,  k o j i  su za  r a z l i k u  od s t v a r n i h  

p o m e r a j a  o z n a č e n i  c r t o m  i z n a d  o s n o v n e  o z n a k e ,  u, v, $■, wQ,

w , w ........  wn i f ,  su  p r o i z v o l j n e  f u n k c i j e  k o o r d i n a t a  i ne z a -

v l s e  od s t v a r n o g  o p t e r e ć e n j a  š t a p a .

P r i n c i p  v i r t u a l n i h  p o m e r a n j a  g l a s i :

W + U = 0 ( 1 . 19)

Sa  W  j e  o z n a č e n  r a d  s p o l j a š n j i h  s i l a  p r i  v i r t u a l n i m  p o m e r a -  

n j i m a  8, a sa U o d g o v a r a j u ć i  r a d  u n u t r a š n j i h  s i l a .

Rad s p o l j a S n j i h  s i l a ,  r e d u k o v a n  na j e d i n i c u  d u ž i n e  o s e  

š t ap a , j e d n a k  j e :

VV -  H ( o , z J  + o l , z ) d F  + / p f d s  ( 1 . 2 0 )

o d n o s n o ,  i m a j u ć i  u v i d u  i z r a z e  za v e k t o r  n a p o n a  ( 1 . 17)  i v e ­

k t o r  v i r t u a l n i h  p o m e r a n j a  ( 1 . 1 8 ) ,  i n a k o n  š t o  se  i z v r š i  n j i h o -  

vo d i f e r e n c i r a n j e  po  k o o r d i n a t i  z,  za r a d  s p o l j a š n j i h  s i l a  W



11

d o b i j a  s e :

W = f f [ * ± х (и  -  У &)  +

Tž y ( v  + х & )  +

° ž ( W o  + У Ф Х ~ х Фу  +

Xz x ( “ ' -  У $ ‘ ) +

*z y ( ^ '  + Х & ‘ ) +

° Z ( ^ a  + УФх -  Хфу + Z n ' ^ i '

f [ р х ( п  -  у & )  +

Py ( v  + х & )  +

P z ( w о + У Ф х  ~ Х Фу + £ ° ' * 1

0) f  ) +

( 1 . 21 )

v T '  ) J d  F +

v f  ) ] d  s

P r v i  i n t é g r a l  o d n o s i  se  na p o v r š i n u ,  a d r u g i  na s r e d n j u  l i n i -  

j u  p o p r e č n o g  p r e s e k a .

Rad u n u t r a š n j i h  s i l a  j e d n a k  j e  n e g a t i v n o m  r a d u  k o m p o -  

n e n t a l n i h  n a p o n a  p r i  z a d a t i m  v i r t u a l n i m  d e f  o r  m ac i j  am a . R e d u -  

k o v a n  na j e d i n i c u  d u ž i n e  S t a p a ,  i z n o s i :

Ü  = - f f ( xz x r z x  + xz y r z y  + oz Tz ) d F  ( 1 . 2 2 )

Ra d a  se za v i r t u a l n e  d e f o r m a c i j e  u n e s u  i z r a z i  ( 1 . 1 3 ) ,  gd e  se 

u m e s t o  s t v a r n i h  p o m e r a n j a  p o d r a z u m e v a j u  v i r t u a l n a ,  i z r a z  za 

r a d  u n u t r a š n j i h  s i l a  p o s t a j e :

Ü  = - f f [ * z x ( ü '  -  У $ '  -  Фу + ZO' .xWj  -  u , x T )  +

t Zy ( v ‘ + x & '  + Фх + Z n ' y W i  -  co,y T )  + ( 1 - 2 3)

az ( w ‘ + уфх ~ хфу + Z q ' y/ i - (o P )J d F

2 1 )
A k o  j e d n a č i n e  r a d a  s p o l j a š n j i h  1 u n u t r a š n j i h  s i l a ,  M-

b o j i
i ( 1 . 2 3 ) ,  s r e d j e n e  po  p a r a m e t r i m a  v i r t u a l n i h  p o m e r a n j a ,  

se mo g u  i z v u ć i  i s p r e d  z n a k a  i n t e g r a l a ,  u v r s t i m o  u i z r a z  0 '  

do b i j  a s e :
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( f f o ^ d F  + !  pz d s} +

U ( f f ^ x d F + f  P x d s} +

K { î f x2 y d  F + f  Pyds}  +

Ф». { f f ( y o ‘ - xz y > dF  *  У y pz ds}  +

Фу t t t (xz x  - x oz ) d F -  J xpz ds)  +

ê -  y Xz x ) d F  + !  (xpy -  У P,x ) d s}  +

% { / / ( 0 ‘ а ‘ -  ° > x Xz x  - Qi‘y Xz y ) d F  + f  Ci' pz ds }

T { f f  (~CûO± +  to, T  +'X z x “>>yXz y ) d F } ;
= 0

P o š t o  p a r a m e t r i  v i r t u a l n i h  p o m e r a n j a  vv0 , u , v , . . .  m o g u  i m a t i  

p r o i z v o l j n e  v r e d n o s t i ,  j e d n a č i n a  ( 1 . 2 4 )  b i ć e  z a d o v o l j e n a  s a m o  

a k o  su i z r a z i  u v e l i k i m  z a g r a d a m a  j e d n a k i  n u l i .  K o r i s t e ć i  p r i  

t o m e  i z r a z e  za  p r e s e č n e  s i l e  ( 1 . 14)  i v o d e ć i  r a d u n a  o u s l o v u  

( 1 . 9 ) :

+ Q 2 w2 + . . .  ) d F = f f ( Q , w l + 0 2 w2 + . . . )  d F  = 0 ( 1 . 2 5 )

d o b i j a  se s i s t e m  j e d n a č i n a  k o j i  p r e t s t a v l j a  t r a ž e n e  u s l o v e  r a -  

v n o t e ž e  t a n k o z i d n o g  š t a p a :

N + P Z = 0

+ Px = 0

° y
+

Py = 0

K - Q + =

МУ <?x + my =

Mz •f m *  = 0

f f < B /  -  o ‘,x zt x  -

II (Bi *  *

0

0

^ ‘>y xz y ) d F  + rri fi i  =

ш 'у xz y )  d F = 0

( 1 . 2 6 )

0 Ì = 1, 2 , . .  . , n

g d e  :
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Px = f  P x ds Py = f  PydS P *  = f  Pzds

m *  = f y P z ds my = ~ f x Pz d s  m * = I  ( x Py ~ y p x ) ds  ( 1 - 2 7 )

m £ i  = f  Q ' p z ds i = 1, 2 . . . ,  n

p r e t s t v l j a j u  r e d o m  k o m p o n e n t e  s p o l j n j e g  o p t e r e ć e n j a  u p r a v -  

c i m a  k o o r d i n a t n i h  o s a  x , y , i z , m o m e n t e  s a v i j a n j a  o k o  x  i y  

o s e ,  m o m e n a t  t o r z i j e  i o d g o v a r a j u ć e  b i m o m e n t e .

P o s l e d n j i h  n + 1 J e d n a č i n a  p r e t s t a v l j a j u  u s l o v e  r a v n o t e ž e  

š t a p a  p r l  d e p l a n a c i j i .  N e k i  d i a n o v i  u n j i m a  d a t i  su р г е к о  n a -  

p o n a  u i n t e g r a l n o m  o b l i k u ,  da  bi  se  i z b e g l o  u v o d j e n j e  n o v i  h 

g e n e r a I i s a n i h s i l a  p o t r e b n i h  z a  n j i h o v o  p r i k az i v a nj  e .

1.5 DIFERENCIJALNE JEDNAČINE I KONTURNI USLOVI

K a d a  se i z r a z i  za  p r e s e č n e  s i l e  ( 1 . 15)  i n a p o n e  ( 1 . 13 )  

u v r s t e  u u s l o v e  r a v n o t e ž e  ( 1 . 2 6 )  d o b i j a  se s i s t e m  s i m u l t a n i h  

d i f e r e n c i j  al  n i h j e d n a č i n a  d r u g o g  r e d a  po n e p o z n a t i m  p a r a m e -  

t r i m a  p o m e r a n j a  w , u , v , . . .  :

E F w ô  = - P î

G W  -
-  D *  F X

n ' , y w i  - G £ v / '  -
~ P *

-  E I y c o f "  -  G F v  ' -  G F ф.

G P S a ‘. , w i *  G S „

E 1 xx<p;  - E p x n ^ r  + E I x J "  + GFu ' -  GF фу +
G £ s n i w,

I ° -X 1

G I I
X  X

GS

■ m.

c o , J  = ~m y

( 1 . 2 8 )

+ - G Z l n ‘ * ;  + =

Е 1 у П ‘ Фх -  Е 1 х п ' Ф у  + -  G S n , x U ' -  G S n ^ v '  + G l a , 9 '

G Sn ‘J x  + G S n l,x^y -  G Z ( I n [ xCij>x + I n ,.y n J.y ) w j = ~m n '

~Е 1 у с о Ф х  + E I x a Ж  + E I c o c o f " + G S U U 1 + G S ^  v '  -  G I „ $ '  +

GS ^  <Px ~ GS Фc o , v Tx  co V y G ( I , + I c o  > y  c o ,  y
) f  = 0
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U k u p a n  b r o j  d i f e r e n c i j  al  n i h j e d n a č i n a  j e  N = 6 + n + î. Kao š t o  j e  

r a n i j e  r e č e n o  n + 1 p r e t s t a v l j a  b r o j  p a r a m e t a r a  k o j i  o p i s u j u  d e -  

p l a n a c l j u  p r e s e k a .  Da bl  o v a j  s i s t e m  d i f  e r e n c i j a I n i h j e d n a č i -  

na d r u g o g  r e d a  i ma o  j e d n o z n a č n o  r e š e n j e  p o t r e b n o  j e  p o z n a -  

v a t l  2 N  k o n t u r n i h  u s l o v a ,  k o j i  m o g u  b i t l  z a d a t i  po p o m e r a n j i -  

m a :

— <
U - u *

V V*

=
ф:

*y
- ф;

& -

wi = w*

f = f *

( 1 . 2 9 )

i l i  po s i i  a ma :

N = N *

= o *^  X

=

=
<

= m ;

Mz
-

K

= B *

=
b :

( 1 . 3 0 )

i l i  m e š o v i t o ,  po p o m e r a n j i m a  i po s i l a m a .  Z v e z d i c a  i z n a d  o -  

s n o v n e  o z n a k e  o z n a č a v a  da se r a d i  o z a d a t o j  v e l i b i n i .
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1.6 IIPROS ĆENJE f = - & '

U d a l j e m  i z l a g a n j u  u v e d e n o  Je j e d n o  u p r o š ć e n j e  k o j ì m se 

b r o j  n e p o z n a t i h  p a r a m e t a r a  p o m e r a n j a  s m a n j u j e  za  j e d a n .  0  -  

d n o s n o ,  z a  f u n k c i j u  f, k o j a  o d r e d j u j e  i n t e n z i t e t  ' p o p r e č n e '  d e -  

p l a n a c i j e ,  p r e t p o s t a v l j e n o  j e  da se m o ž e  p r i k a z a t l  p r e k o  p a ­

r a m é t r a  p o m e r a n j a  k o j i  se k o r i s t i  p r i  o p i s i v a n j u  t o r z i j e  p o -  

p r e č n o g  p r e s e k a ,  i k a o  t a k v a  ne p r e t s t a v l j a  v i š e  n e p o z n a t u  

V e l i  č i n u :

f ( z )  = & ' ( z )  ( 2 . 3 1 )

R e l a t i v n a  d e p l a n a c i  j a  u o d n o s u  na s r e d n j u  l i n i j u  p r e s e k a  s a d a  

Je p r i k a z a n a  u i s t o m  o b l i k u  k a o  I u k l a s i č n o j  t e o r i j i  t a n k o z i -  

d n i h  n o s a č a .

I z r a z i  k o j i  su i z v e d e n i  u p r e d h o d n i m  p o g l a v l j i m a  p o s t a -  

j u :

P o m e r a n j a

u+ = u -- y &

■c * II V + X & ( 1 . 3 2 )

+ УФх -хфу + / 1
-  co&'

D e f o r m a c i i j e

K + УФх -  хф; + Z q ' w ;  
1 1

-  СО&"

rzx = u ' -  (y * -  ф + ( 1 . 3 3 )

V ' + ( x  - СО,у)&' + Фх + Z û ^ y W ,

N ap o n ì

o_ -

z y

E ( w ^  + уф^  -  хфу + Z O ' W j '  -  u & " )  

G[ u ' -  (y + -  Фу + Z f i ' . x W j ]

G [ v '  + ( x u , y ) & '  + 4>x + Z O ' . y Wi J

( 1 . 3 4 )

+ ( x
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P r e s e č n e  s i l e

N = E F w ±

Qx = G l F u '  -  Уфу -  s  »■ S „ ,
0 , 1 '

° y  = G (Fv' * Рфх - s  »•  * X S „ ,
, Jo ’, / ri '

M x  =  E I I y y K  - y O

МУ = E r l x x ^ ;  ♦ I x a j ^ ' ( -  X i x 0 ,w / ;

= G^ J x x  + I y y  + ! „ ) & '  -  I l n >Wi ]  

Bi = E ( I y O ,(Px -  I x O /(f1y  + ^ 1 0 ‘ 0 > VVi ) 

D i f e r e n c i j a l n e  j e d n a č i n e

( 1 . 3 5 )

/ = 1 , 2 , . . .  , n

E F w "  = - p *

G Fu " -  GS &w * X

G F v "  -  GS CO ,’ V
GFrPy + G Z s a , w ;  -  - p *  

+ G F ^x + G Z s n , w ;  = - p *

+ E I y y K  + E f I y o iWi" -  G F v ' + G s a)> a -  -
GF<px  -  G E S n , wj = - m *

+ f I x x ^ ;  -  E f Ex O /W," + G E u ' -  G S W_ S'  -  (1 >36)
G F *y  ♦  e r s ^ w ,  =  - r n ;

G ( I „ „  + + 1 Ш) & "  -  G Z I q i W- = - m *y y

E l y B ' K  -  E I x o “ l’y'  *  E £ l n ' o ' wi '  -  G s n ' . y '  -  G s n ‘, y '  * G I n ' 9 '

-  G s n ‘, , K  * G s n ' , J y  -  GP I n ' . J i . M * I o ' . , n ’.y >” i  = - тп '

- E I  &л co co + E I yco<Px  -  E I x œ < P y  -  G S o>,x U ' -  G Sw V ' + 
G ( I ,' CO , v  CO + 1 Ш .. + I ^ ì a '  -  GS ф + GS Ф = 0

• X  ш , у ' у  ш Ш , / Х  a

P o s l e d n j a  j e d n a č i n a  ( 1 . 3 6 , 8 )  n i j e  n e z a v i s n a .  K a d a  j e ,  uz 

p r e d h o d n o  d i f  e r e n c i r a n j e po k o o r d i n a t i  z ,  p r i d r u ž i m o  j e d n a č i -  

ni  ( 1 . 3 6 , 6 ) ,  i k a d a  z a n e m a r i m o  č l a n o v e  t r e č e g  i č e t v r t o g  r e ­

da k a o  ma l e  u o d n o s u  na o s t a l e  č l a n o v e  u I z r a z u ,  o č e m u  će 

b l t l  v i š e  r e č l  u s l e d e ć e m  p o g l a v l j u ,  k o n a č n o  d o b i j a m o :
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E F w ” = - PZ

G F u "  - G S & " -  G F фу + G Z S n , w/  = -  P *  r  X

G F v " - GS A "co, v  џу
+ GF фх + Gf s o l,y wi ‘ = - p *

E I  ф"У У r  x * / w "  -  GFv ' + G S o > , / ' -  GFipx -  G f S n , w,

E I  ф 11Х Х 7 -  E P * n i w ” + GFu ' -  GS c o , / ‘ -  GFj ,y * G f S n , w ,

( 1 . 3 7 )

w.. = - m ;

- G S „ txU" -  GS UtyV  ♦ G I  h & " -  G S „ J '  * G S Utx<p; -  G $ I 0 , W;  = - m *

E I y O , K  "  Е 1 х П ' 4 ,у1 + Е р п Ч * ” ,"  " G S n' ,xU ‘ ~ GS0 [ y V ‘ + G I ß ' * '

" G S0 ,.y K  + G S n ',x(t’y  '  Gp I n ' ,xO{x + I n /,y OJ,y ) w j  = ' тО'

gd e  j e  sa  Ј o z n a č e n  m o m e n a t  i n e r c i j e  p r e s e k a  p r i  t o r z i j i :

^ х х  + I y y  + + I Ct) . CtJ , + 2 1 , ( 1 . 3 8 )

S i s t e m  od N = 6+n  l ì n e a r n i h  d i f  e г e n c i j a I n I h j e d n a č i n a  d r u -  

go g  r e d a  ( 1 . 3 7 )  i o d g o v a r a j u ć i h  2 N  k o n t u r n i h  u s l o v a  ( 1 . 2 9 , 1 - 7 )  

i l i  ( 1 . 3 0 , 1 - 7 )  j e d n o z n a č n o  o d r e d j u j u  N n e p o z n a t i h  p a r a m e t a r a  

p o m e r a n j a  vvo , u , v , фх , фу , S-, w f , w2 , . . .  , w n . K a d a  se o d r e d e  

p a r a m e t r i  p o m e r a n j a  o n d a  i z  j e d n a č i n a  ( 1 . 3 2 ) ,  ( 1 . 3 3 ) ,  ( 1 . 3 4 )  

i ( 1 . 3 5 )  o d r e d j u j e m o  p o m e r a n j a ,  d e f o r m a c i j e ,  n a p o n e  i p r e s e -  

i n e  s i l e  č i m e  j e  p r o b l e m  n a p o n s k o - d e f o r m a c i j s k o g  s t a n j a  š t a -  

p a r e š e n .

P r v a  d i f e r e n c i j a I n a j e d n a č i n a  j e  s e p a r a t n a ,  š t o  j e  d i r e k -  

t n a  p o s l e d i c a  s t a v a  ( 1 . 9 ) ,  d o k  o s t a l e  j e d n a č i n e  p r e t s t av I j aj  u 

s i m u l t a n !  s i s t e m  d i f e r e n c i j a l n i h  j e d n a č i n a ,  k o j e  s e ,  u o p š t e m  

s l u č a j u ,  ne m o g u  r e š i t i  u z a t v o r e n o m  o b l i k u .  R e š e n j e  se d o -  

b i j a  n u m e r i č k i m  p u t e m ,  š t o  će  se  r a z m a t r a t i  u s l e d e ć i m  p o -  

g I a v I j i m a .
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2 .  P R I M E N À  M E T O D E  K O N A Č N I H  E L E M E N A T A

2 . 1  UPDATED LAGRANGEOVE INKREMENT ALNE 
JEDNAČINE RAVNOTEŽE

U p r o š l o m  p o g l a v l j u  i z v e d e n e  su d i f e r e n c i j a l n e  j e d n a č i n e  

t a n k o z i d n o g  š t a p a  p r o i z v o l j n o g  p r e s e k a  u o k v i r u  l i n e a r n e  t e o -  

r l j e .  P r i m e n o m  m e t o d e  k o n a č n i h  e l e m e n a t a  r a z m a t r a n j a  će se 

p r o š i r i t i  1 na g e o m e t r i j s k i  n e l i n e a r n e  p r o b l è m e .

O s n o v n e  i n k r e m e n t a I ne j e d n a č i n e  r a v n o t e ž e  k o n a č n o g  e -  

l e m e n t a  m o g u  se i z v e s t i  p o l a z e ć l  od p r i n c i p a  v i r t u a l n i h  p o m e -  

r a n j a  I o p š t l h  n e l i n e a r n i h  j e d n a č i n a  m e h a n i k e  k o n t i n u m a .  P r i  

t o m e  će se k o r i s t l t i  u p d a t e d  L a g r a n g e o v a  m e t o d a  u k o j o j  se 

za  r e f e r e n t n u  k o n f i g u r a c i j  u u s v a j a  t e k u ć a ,  d e f o r m l s a n a  k o n -  

f i g u r a c l j a ,  I l i  t a č n i j e ,  k o n f i g u r a c i j a  na p o č e t k u  s v a k o g  s i e d e -  

ć e g  k o r a k a  p r o r a č u n a .

z
s 1.4
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U g l o b a l n o m  D e s c a r t e s o v om k o o r  d i n a t n o m  s i s t e m u  XYZ  
p o s m a t r a  se  p r o i z v o l j n o  t e l o  u t o k u  d e f o r m a c i j e .  Sa  tD o b e -  

l e ž e n a  Je t e k u ć a  k o n f i g u r a c ij a t e l a  u v r e m e n s k o m  t r e n u t k u  t ,  

a sa  t 'h A t D k o n f i g u r a c i j a u t r e n u t k u  v r e m e n a  i + A t ,  na k o n a -  

č n o m  r a s t o j a n j u  od (D,  ( s i . 4 ) .  O d g o v a r a j u ć e  z a p r e m i n e  i p o -  

v r š i n e  s p o l j a š n j e  k o n t u r e  t e l a  o z n e č e n e  su sa  r V, o d n o s n o  TF 
( r  = t , t + A t  ) .  U s l o v e  r a v n o t e ž e  t e l a  u k o n f i g u r a c i j i t + A t D d o b i -  

ć e m o  p o l a z e ć i  od p r l n c i p a  v i r t u a l n i h  p o m e r a n j a  I z r a ž e n o g  u o -  

d n o s u  na  r e f e r e n t n u  k o n f ig u r ac ij u u v r e m e n s k o m  t r e n u t k u  f:

I f f
t ■+■ Д  ̂O £ t + A t n- ^s , jS E, j d V = 8 t + A t R ( 2 . 1)

Sa t + A t S, j  

s t e , a sa  

na s t r a n a  

V i r t u a l n  i m

o b e l e ž e n  Pi o  I a -  K Ì r c h  h o f f o v  t e n z o r  n a p o n a  d r u g e  v r -  

t + A t Etj  G r e e n -  L ag r an g e o v t e n z o r  d e f o r m a c i j e .  D e s -  

j e d n a č i n e  p r e t s t a v l j a  r a d  s p o l j a š n j i h  s i l a  p r i  d a t i m  

p o m e r a n j ì m a :

S t + A t R = f f t + A t pk Suk d tF + f f f t + A t pk Suk d t V ( 2 . 2 )

g d e  su sa  t + A t p k i t + A t pk o b e l e ž e n e  k o m p o n e n t e  p o v r š i n s k i h  i 

z a p r e m i n s k i h  s i l a  i z r a ž e n i h  po j e d i n i c i  p o v r š i n e ,  o d n o s n o  z a ­

p r e m i n e  t e l a  u k o n f i g u r a c i j i

I n d e k s  s a  g o r n j e  l ev e  s t r a n e  s t a t i č k i h  i d e f o r m a c i j s k i h  

v e l i č i n a  o z n a č a v a  k o n f i g u r a c i j  u na k o j u  se o v e  v e l i č i n e  o d n o -  

se .

K a d a  se  p r e t p o s t a v i  da su sve  s t a t i č k e  i d e f o r m a c i j  s k e 

v e l i č i n e  z a  tD p o z n a t e ,  z a  t r a ž e n u  k o n f i g u r a c i j u t + A t D,  na i n -  

k r e m e n t a l n o m  r a s t o j a n j u  od ' D,  d o b i j a  s e :

t + A t c

t + A t p  
С!Ј

A S U

A EIJ

( 2 . 3 )

p r i  č e m u  su  i n k r e m e n t a I n e v e l i č i n e  o b e l e ž e n e  p r e f i k s o m  zi i s -  

p r e d  o s n o v n e  v e l i č i n e .  Sa  t a[j  o z n a č e n  j e  C a u c h y j e v  t e n z ó r  n a ­

p o n a  u v r e m e n s k o m  t r e n u t k u  (.

G r ee n -  L ag r a n g e o v i n k r e m e nt  al  n i t e n z o r  d e f o r m a c i j e  m o ž e
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se p r e t s t a v i t i  u o b l i k u :

A E , j = A£,j + А1),Ј

g d e s u :

A e i j  ~ J ^ A u i j  + A uj , ì * 

Ar l/ j  ~ J  AUk, l  AUk,J

( 2 . 4 )

( 2 . 5 )

l i n e a r n l  i n e l i n e a r n i  de o  i n k r e m e n t a i n o g  t e n z o r a  d e f o r m a c i j e .

J e d n a č i n a  r a v n o t e ž e  ( 2 . 1 ) ,  v o d e ć i  r a d u n a  o k o n s t i t u t i v -  

n i m v e z a m a  i z m e d j u  t e n z o r a  i n k r e m e n t a l n i h  n a p o n a  i d e f o r ­

ma  c i j  a :

A ^IJ DI J k l A E k l ( 2 . 6 )

po s t aj  e :

f f f D I J k l A E k l 8AE , j d t V + f f f t oIJSATì/Jd t V = S t + A t R - f f f t oIJS A e , j d t V ( 2 . 7 )

J e d n a ć i n a  j e  n e l i n e a r n a  po ì n k r e m e n t i m a  p o m e r a n j a ,  pa se ne 

m o ž e  d i r e k t n o  r e s i t i .  Da b! j e  d o v e l i  na o b l i k  p o g o d a n  za d a - 

I j u p r l m e n u  I z v r š i ć e m o  l i n e a r i z a c i j u ,  u v o d e ć i  s l e d e ć e  a p r o k s i -  

m a c i j e :

A ^ i j  Di j k l Aek l  

8 a  Ei j  = Sa etj

pa d a l j e  s i e d i :

( 2 . 8 )

f f f D I Jk lA£k l 8Ae!Jd t V + f f f toÌJ8AT1lJd t V = 8 t + A t R - f f f toÌJ8Ae,Jd t V ( 2 . 9 )

D o b i j e n a  j e  l i n e a r n a  j e d n a č i n a  u p d a t e d  L a g r a n g e o v e  m e t o d e , 

po n e p o z n a t i m  p a r a m e t r l m a  p o m e r a n j a ,  od ko j e  se p o l a z i  p r i  

f o r m u l i s a n j u  p r o b l e m a  po m e t o d i  k o n a č n i h  e l e m e n a t a .
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2 . 2  FORMULACI J A  PROBLEMA PO METODI  
KONACNIH ELEMENATA

P r i  d a l j o j  a n a l ì z i  p r o s t o r n i h  k o n a č n i h  e l e m e n a t a ,  t a n k o -  

z i d n o g  p o p r e č n o g  p r e s e k a ,  p o g o d n i j e  j e  k o r i s t i t i  l o k a l n e  k o - 

o r d i n a t n e  o s e  x y  z , v e z a n e  za e l e m e n a t .  M a t r i c e  k r u t o s t i  p o - 

j e d i n i h  e l e m e n a t a  d o b l ć e  se k a d a  se  s v e  s t a t i č k e  i k i n e m a t i -  

č k e  v e l i č i n e  k o r i š ć e n e  u p r e d h o d n o m  p o g l a v l j u  i z r a z e  u o d n o -  

su na l o k a l n i  k o o r d i n a t n i  s i s t e m .

Da bi  se p r o b l e m  d e f i n i s a o  po m e t o d i  k o n a č n i h  e l e m e n a ­

t a  p o n a š a n j e  p r o i z v o l j n o g  e l e m e n t a  d e f i n i s a ć e  se p r e k o  v r e -  

d n o s t i  č v o r n i h  v e l i č i n a  u n u t a r  e l e m e n t a :

gde  j e  ЛГ m a t r i c a  i n t e r p o I a c io n i h f u n k c i j a ,  a A q  v e k t o r  i n k r e -  

m e n t a l n i h  č v o r n i h  p o m e r a n j a .

P o l a z e ć i  od ( 2 . 9 )  i ( 2 . 1 0 )  d o b i j a j u  se  o s n o v n e  i n k r e m e n -  

t a l n e  j e d n a č i n e  r a v n o t e ž e  n a p i s a n e  u m a t r i č n o m  o b l i k u :

a u  = I V A q ( 2 . 1 0 )

( * K L * tK N L ) A q = t + A t H  - ( 2 . 11)

g d e  su :

l i n e a r  n a m a t r i c a  k r u t o s t i

g e o m e t r  i j s k a  m a t r i c a  k r u t o s t i

Q v e k t o r  r a v n o t e ž n l h  č v o r n i h  s i l a

v e k t o r  s p o i  j a š n j eg  o p t e r  e d e n  j a

BL l i n e a r n a  m a t r i c a  t r  a n s f  o r  m a c i j  e

n e l i n e a r n a  m a t r i c a  t r a n s f o r m a c i  j e

D k o n s t i t u t i v  na m a t r i c a

o m a t r i c a  C a u c h y j e v i h  n a p o n a

v e k t o r  C a u c h y j e v i h  n a p o n a
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2.3 KONAČAN ELEMENAT I

2 . 3 . 1  OS NOV NE  K A R A K T E R I S T I K E  EL EMENT A

Na ( s 1. 5 ) p r i k a z a n  j e  p r a v o l i n i j s k i ,  p r o s t o r n i  t a n k o z i d n !  

e l e m e n a t  , p r o i zv o I j n og , n e d e f  or  m ab il nog  p o p r e č n o g  p r e s e k a .

sl  .5

A n a l i z a  k o n a č n o g  e l e m e n t a  i z v r š i ć e  se  u l o k a l n o m  k o o r -  

d i n a t n o m  s i s t e m u  x y z ,  č i j a  z o s a  p r o l a z i  k r o z  t e ž i š n e  t a č k e  

p r e s e k a ,  a o s e  x  ì y  se p o k l a p a j u  sa  g l a v n i m  o s a m a  i n e r c i j e  

p r e s e k a .  P o s m a t r a  se k o n f i g u r a c i j a  e l e m e n t a  u p r o i z v o l j n o m  

t r e n u t k u  v r e m e n a  t .

S v a k i  e l e m e n a t  i m a  d v a  g l a v n a  č v o r a ,  u k r a j n j i m  p r e s e c i -  

ma ,  sa  po 6 + ri s t e p e n i  s l o b o d e  p o m e r a n j a  A u f , A v r  A w o l , Аф [t 

a  (pyi, A & r  z \w f/I a w 2/ ..........  A w nl ( i - 1 , 3 ) ,  i s r e d n j i  č v o r ,  na s r e ­

d i n i  r a s p o n a  e l e m e n t a ,  sa  p e t  s t e p e n i  s l o b o d e  p o m e r a n j a  a u 2 , 

Афу2 i AO;:.

E l e m e n a t  m o ž e  i m a t i  v e l i k a  p o m e r a n j a  i r o t a c i j e ,  al i  se 

p r i  t o m e  p r e t p o s t a v l j a  da d e f o r m a c i  j e  o s t a j u  m a l e .

2 . 3 . 2  V E K T O R  P O ME R A N J A

J e d n a č l n e  (1 .1 )  I ( 1 . 8 )  mo g u  se p r i k a z a t i  i u m a t r i č n o m  

o b l i k u ,  p r i  č e m u  p r e f i k s  a  o z n a č a v a  da  se  r a d i  o i n k r e m e n -  

t a l n i m  v e l i č i n a m a :
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A U

A V

A S

A U 0 1 0 - y 0 0 0 0 0 . . 0 . 0 A S '

A W
A V . 0 1 X 0 0 0 0 0 . . 0 

. O 1.

. 0

4 
0

A W . 0 0 0 -co 1 - X y o ' . . o n А ф х

A  W,  

A W j 

A W n

( 2 . 1 3 )

V e k t o r  o s n o v n i h  n e p o z n a t i h  u č v o r o v i m a  o b e l e ž i m o  s a :

A q  = [ A q u A q v A q & a  q „  a  q ^  a  q ^  A q w>. . .  a  q ^ . . .  A q ^  ] T ( 2 . U  ) 

g d e  su :

A * u = [ a u , a u 2 Л и з ] Т

AQv II r-
l AVz л у 3] т

A q s = [ a s , a S2 л » 3 ] т

n i—
i

b. O A W ] т 03 Ј

л<*фr -  [ л ф у , Л(РУ2 Л Фу31 Т

= t A(Pxi Л Фх2 Л(Р хз1Т

A q ~,

H i—
i

JE AWi3] T i

Ov a j  r e d o s l e d  k o m p o n e n a t a  v e k t o r a  g e n e r al i s a n i h č v o r n i h  p o -  

m e r a n j a  u s v o j e n  j e  z b o g  p r e g l e d n i j e g  i s a ž e t i j e g  d a l j e g  i z v o -  

d j e n j a ,  s t i m  š t o  će  se  u k r a j n j i m  i z r a z i m a  i z v r š i t l  t r a n s f o r -  

m a c i j a  k a k o  bi  se d o b i o  u o b i č a j e n i  r e d o s l e d  p i s a n j a  o s n o v n i h  

n e p o z n a t i h ,  p o g o d n i j i  p r i  p r e l a s k u  na g l o b a l n !  s i s t e m .

Z a  I n t e r p o l a c i o n e  f u n k c i j e  i n k r e m e n t a l n i h  p o m e r a n j a  a u  , 
A v , A S ,  A ф i A ф u s v o j e n a  j e  k v a d r a t n a  f u n k c i j a ,  a z a  a w o i 

A w i ( 1= 1, 2 ___ n)  l i n e a r n a  p r o m e n a  i z m e d j u  k r a j n j i h  č v o r o v a :
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A U = * A Q U

A V = * A q v

A & = Х а ц &

A W 0 ( 2 . 1 6 )

A  ф у = « л < г ф г

А ф х -

A W i = N  A q  w  м w, i = , . , n

g de  su :

IV = [ 1 - 3 Ç + 2 Ç 2 4Ç(1 -Ç )  -Ç (1 -2Ç )J

= [ i - ç  a
( 2 . 1 7 )

S m e n o m  ( 2 . 1 6 )  u ( 2 . 1 3 )  u s p o s t a v l j a  se v e z a  i z m e d j u  i n -  

k r e m e n t a l n i h  p o m e r a n j a  p r o i z v o l j n i h  t a č a k a  p o p r e č n o g  p r e s e -  

ka  i p a r a m e t a r a  p o m e r a n j a  u č v o r o v i m a  e l e m e n t a  k a o  o s n o v -  

n i h  n e p o z n a t i h :

a u 9 IV 0 - y  IV 0 0 0 0 o  . 0

a v 9 = 0 IV x N 0 0 0 0 o . 0

A W  џ 0 0 - u l V 1 - x N y J V q ' n  .W • t f 4 v

A ( * u

A Q y

A Q "o

Л (*ФУ

Л <*Ф, 

A <iw,
A  Q 

4

л Qw

A A Q

2 . 3 . 3  LI NEARNA M A T R I C A  K R UT OS T I

K o m p o n e n t e  l i n e a r n o g  d e l à  i n k r e m e n t a I n og t e n z o r a  d e f o r -  

m a c l j e ,  r a z l i č i t e  od n u l e :
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A E  = [ л е 33 2 A s 13 2 A £ 2 3 J T ( 2 . 1 9 )

< C
L C j e d n a č i n u ( 2 . 5 , 1 ) g l a s e :

~ A и з , з  ~

à A  W0 
à Z

2 А £ ,з = А и , , з  + A U 3 , 1  =
à A u л à A  W+

( 2 . 2 0 )
d z  + à  X

2 А £ г з = А и г . з  + А и з , г  =
à A V

à z  +

d A W  ф 
d y

P o s I e u n o š e n j a  ( 2 . 1 8 )  u ( 2 . 2 0 )  za  i n k r e m e n t a l n e  d e f o r m a c i j e  

d o b i j a s e :

AE = B L A q ( 2 . 21 )

g d e j e :

BL

0

a_
d  Z

0

0

d _
à  Z

( 2 . 2 2 )

o d n o s n o :

0 0 - c o i v " K - x N ‘ y l ï 1 B ' K  •• * > ' <  •. Q n

N 1 0 0 - N 0
d û  jy 
d X  J vV

à O ‘ w
■ d X  Jw

d ü
' d X

n
-

0 N ' 0 0 JV à  O 1 ШГ 
d y  " v V

d û 1 m  
■ dy  J vV

à Q
■ d y

n

A k o se sa  D  o z n a č i  m a t r i c a  e I a s t i č n o s t  i :

G ( 2 . 2 4 )

gd e  E p r e t s t a v l j a  m o d u l  e l a s t i č n o s t i ,  a G mo d u l  k l i z a n j a ,  s i e  

di  da Je:



Ci
G

X
G

<D

Ci
G G

O

O
cd

fcT
o
I

O

• K-
CS X•G G

■—S
3 XG G

feT +

Ci + i
3

L U Ci N1 G G

—S
3 4
G G

K4̂ ,

CD•
•

* r
fe?

—-V
3|>S3 +  G | G

1
U j X1 4--•

CD
j* r

fe?
*""4
31 X

3 +  G  G

X 4*
L U 44—'

CD

O O
fer
3
Lu

fe?
r-l<4

5 " O

g |g

i

зГх
---N

Ц  ^ f e r
X

G | G g |g СЧ + +■
+ i 3 W

X L U ---4
'— 31 X

CD
i

CD g |g

+

i— i

CD

O fe?
O

Ci
G G

LD
+
► » 
fei
Ci

LU

fef
CD
+
fe?<v
Lu

O
c
*o

U

4)

E

w

fei
Ci

"cj
Lu

Ci
G

Q
g

I- H

"c:
G

"es
G

-Gi

g

X
G

X
"G

CD

J
H

EQ
0

- J

S3
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Z b o g  k r a ć e g  p l s a n j a  u v e d e n e  su s l e d e ć e  o z n a k e :

- N T 1V

- JV,7V

=

*4
-

< T K

- JV, r jv

-

-
* ' 4 v

- JV'T Jir'w

» ,
-

* ,o * " T V "

- 1 ¥ "ТК 'w

g de  su :

N 1 4 - 8 Ç  - 1 + 4 Ç ]

n " = 1~s [ 4  - в 4 ] ( 2 . 2 7 )

<

Т<-1

—̂'1—
1 

II

I n t e g r a c i j o m  č l a n o v a  m a t r i c e  ( 2 . 2 5 ) ,  v o d e ć l  r a d u n a  da 

j e  f f  u d F = f f u > n id F  = f f  u Q l,><d F = f f  coQ{y d F = f f  ( u , x n l l>< + U ly n i,y ) d F = 0  i 

da se p o j e d i n i  d i a n o v i  m e t r i c e  k a o  m a l e  v e l i d i n e  m o g u  z a n e -  

m a r i t i  * ,  uz  u s l o v  ( 1 . 9 ) ,  d o b i j a  se l i n e a r n a  m a t r i c a  k r u t o s t i  

e l e m e n t a :

I m a ju ć t  u v ld u  I z r a z e  I z v e d e n e  u p o g la v l ju  d o b i j a  s e -

i ï (^ î ÿ  + j$$y)dF=Z;JJ'[:(esrncx+hncos<x)sIf1Z+<ecos<x-h„srn<X)£°s°‘JdF=z: t f B dFr=o
Jf jy XcodF=£JJhncosoc(f)’dF« f j d F = £ f f  hncosocdF

jrj:,co*dF=Zffh;>(f-)idF«ff[(y+̂ )*-Kx-jff)*JdF=ZJT(h;+B)*dF
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L i n e a r n a  m a t r i c a  k r u t o s t i  d o b l j e n a  j e  u e k s p l i c l t n o m  o b -  

l i k u .  Z a  g e o m e t r i j s k e  k a r a k t e r i s 11 k e p r e s e k a  u v e d e n e  su i s t e  

o z n a k e  k a o  i u p r e t h o d n o m  p o g l a v l j u :

s n ‘ , = I f a { x dF

Sa , r  -  f f f t { y d F

S „ , x = I f u . x d F

S „ ., = //<% <^
= f f x ’ o r

l y ,  = I f У 2 d F

I h = f / C ( y * i f > 2 * < x - % f ) 2J d F
У ( 2 . 2 9 )

I x 0 J = I I x f t ' d F

I , a , = f f y O l d F

l , a > . =  I f x O i y d F

I y n ’. r f f y ° ' * dF

I a i a l = f f f t ' f t ' d F

= I f  f t  > x ^ ''x dF

I n l.r n ‘,y ~ I f  f t  y f t y d F

S u b m a t r l c e  I f , ,  K s ........ K ,  d a t e  su  I z r a z l m a :

2 1 - 0 , 5

* 1!

«л
|г- 1 в 1

- 0 , 5 1 2

7 - 8 1

K ,  -  Ж - 8 16 - 8

1 - 8 7
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K з

K4

Ks

K e

K 7

H
8

2 1L
6

1 2

1
1 -1

L
-1 1

- 3 - 4

1
6 4 0

-1 4

0 , 5 0

L
3 1 1

0 0 , 5

—

- 5 -1

1
6 4 - 4

1 5
— —
— —

1 -  1

1
L 0 0

-  1 1

1

- 4

3

( 2 . 3 0 )

Ka d a  k o m p o n e n t e  v e k t o r a  č v o r n i h  p o m e r a n j a  ( 2 . 1 4 )  n a p i -  

š e m o  u r e d o s l e d u  k o j i  j e  p o g o d n i j i  p r i  k a s n i j i m  t r a n s f o r m a c l -  
j a m a  m a t r i c e  k r u t o s t i  e l e m e n t a :

A q  = [ a u , A V , AW0, A(Px, A  <Py, A & ,  A W , , . , . . A W , , . , ■AWm
A  U 3 A V 3 AW03 A(f>x3 А фуз A $ 3 A w , 3 . . . A  W,3 . ,■ ■ A w n3  ( 2 . 3 1 )
A U 2 A V 2 A(Px 2 Л ФУ2 a $ 2 ] t

za  m a t r i c u  t r a n s f o r m a c i j e  B L i l i n e a r n u  m a t r i c u  k r u t o s t i  K .L 

do b i j  a s e :
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gd e  su :

a  = TLGF
b = 3Te I >
c - i EF
d = 3TEIx*
e = Ж Е1,у
f = 1J GF

9 = - 3 T Q S * „

h = - 3 T e s « . ,

k1 = TTe s ni,
!> = T ö s ß ' ,

m " « ~ E ̂ n,o J
n‘> = - k e ! I n'„a‘,
C>j = - i EF*a>

pj = T EIr a>
ri =

( 2 . 3 4 )

-  I l , j  =  1 , 2 , . . . ,  n

2 . 3 . 4  G E O M E T R I J S K A  M A T R I C A  K R U T O S T I

N e l i n e a r n e  k o m p o n e n t e  i n k r e m e n t al  n i h d e f o r m a c i j a  o d r e -  

d j e n e  su j e d n a č i n o m  ( 2 . 5 , 2 ) :

_ d A V + d A V  à A w  d A W
2лг><з =Лиг.,Лиг.з+Лиз.,Лиз.з = дх Jz  +~ d ^ ~ d 7 ^ ( 2 - 3 5 )

d A U ф d A U ф d A W  à A W  
2 ̂ ^23~ Au 1,гЛи i,3 + лиз,г з,з~ dy dz + dy dz

L a k o  j e  p o k a z a t l  da se m a t r i c a  B NL  m o ž e  n a p i s a t i  u o b l i k u :
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0 д_
дх 0

0 0 д
дх

д
ду 0 0

BN L 0 0 д
ду A =

д_
ÒZ 0 0

0 д_
д Z 0

0 0 д_
ÒZ

' ( 2 . .

0 0 N 0 0 0 0 0 0

0 0
/

0 -N 0 àfi’v
дх ^ v v

à fi fl
• dx •

dfiH-r
■ dx

0 0 -N 0 0 0 0 0 0

0 0 - f y *
/ 0 0 N à fi' fl 

ду * v v
à fi1

■ ду •
dDnN 

■ à y

К' 0 -yN' 0 0 0 0 0 0

0 xiv' 0 0 0 0 0 0

0 0 -ојК1 к - xN' yN 0'K . .  . ■ finK

A k o  j e  a n o r m a i n i  n a p o n ,  a xx  i ry  n a p o n i  s m l c a n j a  u p o p r e -  

č n i m  p r e s e c i m a  e l e m e n t a ,  t a d a  j e  m a t r i c a  C a u c h y j e v l h  n a p o -  

na a d a t a  i z r a z o m  :

0 0 0 0 0 Tx 0

0 0 0 0 0 0 Tx

0 0 0 0 xy 0 0

0 0 0 0 0 0 xy

0 0 V
0 O 0 0

Tx 0 0 0 0 O 0

0 Xx 0 xy 0 0 O

( 2 . 3 7 )

P o s l e  m n o ž e n j a  m a t r i c a  ( 2 . 3 6 )  i ( 2 . 3 7 )  d o b i j a  se :
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g d e  j e  z n a č e n j e  o z n a k a  JV,........JV„
i g de  j e  :

= JV“ T JV

* 1.  = < . т лг

= ЛГ"Т <

■ o « .

d a t o  r a n i j e  i z r a z i m a  ( 2 . 2 6 ) ,

( 2 . 3 9 )

G e o m e t r i j s k a  I l i  n e l i n e a r n a  m a t r i c a  k r u t o s t i  o d r e d j e n a  j e  

i z r a z o m  ( 2 . 1 2 , 2 ) i d o b i j a  se n u m e r i č k o m  i n t e g r a c i j o m  p o j e d i -  

n i h  č l a n o v a  g o r n j e  m a t r i c e .

2 . 4  i o n a č a n  e l e m e n a t  ii

2 . 4 . 1  OS NOVNE K A R A K T E RI S TI K E ELEMENTA

A k o  se z a n e m a r l  u t i c a j  t r an s v e r z a I n i h s i l a  na d e f o r m a -  

c l j u  d o b i j a  se k l a s i č a n  š t a p  z a  k o j i  v a ž i  B e r  n o u 11 i j  e v a p r e t p o -  

s t a v k a  o r a v n i m  p r e s e c i m a .  O b r t a n j e  p o p r e č n o g  p r e s e k a  n i j e  

n e z a v i s n a  v e l l č i n a ,  v e ć  se  m o ž e  i z r a z i t l  p r e k o  t r a n s ve r z a I n i h 

p o m e r a n j a  o s e  š t a p a :
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Ф*

Фу

-  àv  
dZ

-  à  U
à z

( 2 . 4 0 )

č v o r o v i ,  k o j i  su p r e t  s t  av I j e n i t e ž i š n i m  t a č k a m a  k r a j n j i h  

p o p r e č n i h  p r e s e k a  e l e m e n t a  i o b e l e ž e n !  sa / i 2 ( s i . 6 ) ,  i m a -  

j u  po 6 + n s t e p e n ì  s l o b o d e  p o m e r a n j a  A u j t  Av jt A w Qj, A фх ј , A фу ј , 

A d f , A WU, AW2j , . . . ,  AWnj ( ì = 1 , 2 ) .

Z a  p o s m a t r a n i  e l e m e n a t  v a ž e  s v e  p r e t p o s t a v k e  i n a p o  -  

me n e  k o j e  su d a t e  i za  e l e m e n a t  o p i s a n  u p o g i a y l j u  2 . 3 .

2 . 4 . 2  V E K T O R  P O M E R A N J A

I z r a z i  za  I n k r e m e n t a l n a  p o m e r a n j a  p r o i z v o l j n e  t a č k e  p o -  

p r e č n o g  p r e s e k a  A u a v ^ i A w ф, p o l a z e ć i  od p r e t p o s t a v k e  o 

o n e d e f o r m a b i l n o s t i  p r e s e k a  u s v o j o j  r a v n l ,  m o g u  se i z r a z i t i  

u f u n k c i j i  g e n e r a l i s a n i h  I n k r e m e n t a l n i h  p o m e r a n j a  o s e  e l e m e n ­

t a  ì p o m e r a n j a  č v o r n i h  t a č a k a  p o l i g o n a l n o g  p r e s e k a :

A Uџ = AU -  y  А&

АУЏ = AV + X A ê  ( 2 . 4 1 )

АУ/Џ = AW0 -  y  AV ' - X  A U ' +  J l Q '  W, - ù) & ‘

i t i  u m a t r i č n o m  o b l i k u :

A U

A U 1

A V
— —
A иџ 1 0 0 0 - y 0 0 0 . 0 . 0 AV'

A $
A V m — 0 0 1 0 X 0 0 0 . 0 . 0

А & '

A W  џ 0 - X 0 - y 0 - c o 1 O1 . o 1. O n AW0
— ---

A  W  i 

A  W j  

AWn

( 2 . 4 2 )
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V e k t o r  o s n o v n l h  n e p o z n a t i h  u č v o r o v l m a  t i 2 k o n a č n o g  

e l e m e n t a  o z n a č e n  j e  s a :

AQ = [ A q u A Q V A q & A Q „  AQ . A q  . A Q W ]  ( 2 . 4 3 )O 1 I n

g d e su :

= [ a u , AU j  AU 2 A U ' J T

* Q V II f—
1

JC - A v j  a v 2 - a v ' J t

A Q & =  [ Д & , a & 2 ] t

A q " .

H '—
i

*
o

A Q ~ , =  t AWi, A  W (2  ] T  i =  1 , 2 ,

( 2 . 4 4 )

Z a  i n t e r p o I a c i o n e f u n k c i j e  i n k r e m e n t a I n i h p o m e r a n j a  a u  i a v  

u s v o j e n l  su  H e r m i t o v l  p o l i n o m i  p r v e  v r s t e ,  a za  i n k r e m e n t a l -  

na  p o m e r a n j a  a & , a w 0 , A w r  a w z , . . . ,  A w n l l n e a r n a  p r o m e n a  I z -  

m e d j u  C v o r o v a :

a u  = K u a q u 

a v  = N vA q y

A& = N a q & ( 2 . 4 5 )

A ” 0 = N A q Wm

A Wy = N  A / = 1 , 2 . . . .  ,n

p r i  č e m u  su  u v e d e n e  s l e d e ć e  o z n a k e :

N u = [ 1 ~ 3 Ç Z +2Ç3 L ( Ç - 2 Ç 2 +Ç3 ) 3 1;2 - 2 Ç3 L ( - l ; 2 + Ç3) ]

N y = L 1 - 3 Ç 2 +2Ç3 L ( - Ç  + 2 Ç 2 -  Ç3 ) 3 Ç2 - 2 Ç 3 L ( Ç 2 - Ç 3) ]  ( 2 . 4 6 )

JV = [ 1 - Ç  f 7  Z = T

K a d a  se j e d n a č i n e  ( 2 . 4 5 )  u v r s t e  u ( 2 . 4 2 )  d o b i j a j u  se i z -  

r a z l  z a  i n k r e m e n t al  n a p o m e r a n j a  p r o i z v o l j n l h  t a č a k a  p r e s e k a
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k o j a  su i z r a ž e n a  p r e k o  p a r a m e t a r a  p o m e r a n j a  k r a j e v a  e l e m e ­
nt  a :

AU0 *u 0 -yiv 0 0 0 0

AV0 = 0 "v xN 0 0 o . 0

A - x < - y < -coiv' N fì' N . . n ‘ iv . . Qn IV A Q ^
A q

A Q,

W,

= A a q

g d e s u :

n ' u = - £ [ - 6 ?  + 6 ? 2 L ( 1 - 4 Ç  + 3 Ç * )  6 Ç - 6 Ç 2 L ( - 2 Ç  + 3Ç2 ) ]

ЛГ' = ~ r [ - 6 ^ 6 Ç 2 L ( - U 4 ^ - 3 Ç 2 ) 6 Ç - 6 Ç 2 L ( 2  Ç -  3 Ç2 ) ]  ( 2 . 4 8 )

IV' = - { [ - 1  1] f  = - f

2 . 4 . 3  LI NEARNA M A T R I C A  K R U T O S T 1

P o l a z e ć i  od J e d n a č i n a  ( 2 . 2 0 ) ,  ( 2 . 2 1 )  i ( 2 . 2 2 )  za m a t r i c u  

B L d o b i j a  s e :

- * <
ni"

-yNv 0 л г ' o’iv' . o'iv' .

BL = 0 0 -<y + № * ' 0 *0'N
dx n ■

df)‘
dx N •

дПп к 
■ дх N

0 0 lx-jy)  ЛГ' 0 dfì'
ày "  ■

àQ'jg
• ду л  •

дОп 
• ду л

gd e s u :

ЛГ" = - L [ - 6 + 1 2 Ç L ( -  4 + 6 Ç ) 6 - 1 2 Ç  U - 2  + 6 Ç ) ]
L. ( 2 . 5 0 )

K  = - ^ [ - 6  + 12Ç L (  4 -  6Ç)  6 - 1 2 1  L ( 2 -  6 Ç ) ]

I m a j u ć i  u v i d u  i z r a z  za  m a t r i c u  e l a s t i č n o s t i  ( 2 . 2 4 ) ,  d a l j e  s i e ­

d i :
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g d e s u :

= < T <

*2 = < T <

* 3
- 1¥T 1V

*4 = N , T X '

n ' ' t k '

- K T » '

*7 - N ' T X

* e - K  T K

( 2 . 5 2 )

L i n e a r n a  m a t r i c a  k r u t o s t l ,  u v a ž a v a j u ć i  u s l o v  ( 1 . 9 ) ,  d o b i -  

j a  se p r e m a  j e d n a č i n l  ( 2 . 1  2 , 1 ) :

A q u A q y A q ~ , *<*w y

E I * * “ , o 0 0 - E I x n > K s Л <*и

E l y y K * 0 0 - E I y n j K e a  q v

0

e f h 4

“  G ( I x O { y ~I y O i. x) K 7 "  

0

a  q $

s i m e t r i č n o

E l n i n j K 4
• .

G ( ',x n J,x + ',y n J,y ) K 3

■

M a t r i c e  K r  d a t e  su i z r a z i m a :
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12 6L - 1 2 6L

1
4 Z.2 - 6 L 2 L 2

L3
s i m e t .

12 - 6 L

4L2

12 - 6 L - 1 2 -  6 L

1
4L2 6L 2 L2

L3
s i m e t .

12 6 L

4L2

=

* 5 = « e  =

=

2 1

1 2

1 -1

- 1 1

0 0

1 -1

0 0

- 1 1

0 . 5 - 0 . 5

0 . 5 0 . 5

( 2 . 5 4 )

A k o  k o m p o n e n t e  v e k t o r a  č v o r n i h  p o m e r a n j a  ( 2 . 4 3 )  n a p i -  

ë e m o  u r e d o s l e d u  k o j i  j e  p o g o d n ì j i  za  k a s n i j u  p r i m e n u .

A q [ a u , AV, A W 0, - a v ', A U J A », A W „ . . ■AV/ I1 ■ T ( 2 - 5 5 )
a u 2 a v 2 A W 02 ~ a v '2 a u '2 a &2 a w ,2 .. ■A W 12- A V/ n  2 3

za  m a t r i c e  B L i K/_  d o b i j a  s e :
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p r i  č e m u  su :

a =

b =
Т > Е 1 УУ

c - - K

d -

e ‘> = ~ L E ^ o '  o 1

f » = ~g~G ( I o ',xo J,x + I o [ y .

9 1 - ■ I y O J, x)

- - ~ Z E TxCì>

k> = ~ ~ Z E I y n J

( 2 . 5 8 )

i ,  J = 1 , 2 , . . . ,  п

2 . 4 . 4  G E O M E T R I  J S K A  M A T R I C A  K R U T O S T I

P o l a z e ć i  od ì z r a z a  ( 2 . 3 5 )  i ( 2 . 3 6 )  za n e l i n e a r n u  m a t r i -  

cu t r a n s f o r m a c i j e B N L , k a k o  j e  t o  v e ć  r a n i j e  p o k a z a n o ,  d o -  

b l j a  se :

0 0 JV 0 0 0 0

- K 0 д 0) жт'
àx™ 0 • • àx л •

dQnK 
■ 3 x  N

0 0 -N 0 0 0 0

0 - K
àtOmjl

~óy" 0 àO \
ày " ■

àoy
■ ày " ■

àQnN 
• ày *

< 0 -yiv' 0 0 0 0

0 K xN* 0 0 0 0

- * < -уК 0 N' n’N1 . . fì'nr1 . . Qnx ’

M a t r i c a  C a u c h y j e v i h  n a p o n a  d a t a  Je I z r a z o m  ( 2 . 3 7 ) ,  pa 

dal  j e  s i e d i :
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P o r e d  o z n a k a  JV( , N£ , . . . ,  JVg č l j e  j e  z n a č e n j e  o d r e d j e n o  i z r a z i -  

ma  ( 2 . 5 2 ) ,  r a d i  k r a ć e g  p i s a n j a ,  u v e d e n e  su i s l e d e ć e  o z n a k e :

*9 = K TK

= K TK

*u = K TK

= K TK

*» = K TK

*t4
= K TK

*,3 = n 'J n

= K T* ‘

= K T"

= K T>

=
< T*

*20 = y"TiV

I n t e g r a c i j o m  p o j e d i n i h  č i a n o v a  m a t r i c e  ( 2 . 6 0 ) ,  n e k o m  od 

m e t o d a  n u m e r l č k e  i n t e g r a c i j e ,  o č e m u  će b i t i  v i š e  r e č i  k a s -  

n i j e ,  d o b i j a m o  g e o m e t r i j s k u  m a t r i c u  k r u t o s t i  e l e m e n t a .

2.5 GEOMETRIJSKE KARAKTERISTIKE PRESEKA

I n t e g r a l i  o d r e d j e n i  j e d n a č l n a m a  ( 2 . 2 9 )  m o g u  se  s r a d u n a ­

t i  e k s p l i c i t n o  u f u n k c i j i  g e o m e t r i j  s k i h k a r  a k t e r  i s t i k a  p o p r e č -  

nog  p r e s e k a .  Ce o  p o s t u p a k  p r o r a č u n a  m o ž e  s e  l a k o  a u t o m a -  

t i z o v a t i .  Z a  u l a z n e  p o d a t k e  p o t r e b n o  Je u n e t i  k o o r d i n a t e  č v o -  

r n i h  t a č a k a  i d e b l j i n e  z i d o v a  s v a k e  s t r a n e  p o l i g o n a l n o g  p r e ­

s e k a .

P o s m a t r a j m o  s t r a n u  ÌJ p o l i g o n a l n o g  p r o f i l a ,  ( s i . 7 ) .  Mo g u  

se u s p o s t a v i t i  s l e d e ć e  r e l a c i j e :
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L =  1/ ( x j - V * + (y,

c o s a  = T < r , -  y,>

s i n  a  = T  ( x i -  Xj )

h = - f l y , * !  -  УјХ/1

P o r e d  k o o r d i n a t n o g  s i s t e m a  č i j e  se o s e  x  1 y  p o k l a p a j u  

sa  g l a v n ì m  t e ž i š n i m  o s a m a  i n e r c i j e  u v o d i  se i k o o r d i n a t n i  s i ­

s tem i v e z a n  za  s r e d n j u  l i n i j u  p r e s e k a .  V e z a  i z m e d j u  o d g o v a r a -  

j u ć i h  k o o r d i n a t a  d a t a  j e  i z r a z i m a :

X  =  x y + s s i n  a + e c o s a
( 2 . 6 3 )

y  = У  i + s c o s a  + e s i n a  

T a k o d j e ,  v a ž e  i s l e d e ć e  r e l a c i j e :

h *  = x c o s a  + y s ì n a
( 2 . 6 4 )

hn = X s i n a  -  y  c o s a



K a k o  Je:

n 1 = 1 - S
l

o 1 = s
i

d û 1 à Q 1 à S
dX à S à x
ÒQ1 à Q* à S
àx à S à x
d û ' àQ ‘ à s
dy à S à y

à O1 àQ> à s
ày à S ày

- j - s  i n a  

- - j - s i n a  

— j~ c o s a  

- j - c o s a

( 2 . 6 5 )

o> -  hn e

d u  = д и Џ _  + à u à e  = i n a  ,  h a ( 2 . 6 6 )
àx  às à x  de  d x  n

d u  _ ç>ju às_ + d_e _ - e c o s a  + h s i n  a 
à y  às  ày  de à y  n

t o  s e ,  u z i m a j u ć i  u o b z i r  j e d n a č i n e  ( 2 . 6 3 )  i ( 2 . 6 4 ) ,  l a k o  d o b i  — 

Ja:

F = l i t

S0 ; = Z  ± t  since, x ,

S ^ i  = Z ? t c o  s a* y I

Sw = Z ( x , i t  s i n a c o s o e  -  y j l t c o s * a  -  4 r l 2 t c o s c e )

S = Z  (x,  Lt s i n 2 a -  y t I t  s i n  a c o s a  -  - 4 r i2 t si nce)U , y

I x x  = Z f x (' x/ + V * "  * T S -K 3 c ° s *<* *

I yy  = X [ j - < r ,  * y , , ! “  * j L l ’ t c o s * « ]

I h = ZlhUt* - j - l l 3 )

Jx O ‘ “  Zt-g-Xiltr - l - ^ t s i n a )

I y 0 : = Z <  - f / , K  1 - ^ - l U c OS C Ü

( 2 . 6 7 )
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Ci ',у Z *  ( x ,  t c o s a  -  
/ 7

-75- ( f  s i n a c o s a )

I y c i ' . x = Z  ± ( У ј  t s In oc + -Jyl ( s I n a  c o s a )

I f ) '  C i1 -  H l <

I n 1 n J

I n [ x o ' , x =  Z - i~ s  i n 2a
l *

I o ‘,y o ' . y
— V   ̂ 2 = Zj - t- c o s  a 

/ *

I n ‘. x n J, x =  - ~ j - s i n 2oc

I n [ y n J.y = - ~ j - c o s 2a

U g o r n j i m  I z r a z i m a  sa  Z  o z n a č e n  j e  z b i r  po s t r a n a m a  p o l i g o ­

na k o j e  se s u s t i č u  u č v o r u  / , a sa  Z  z b l r  po s v i m  s t r a n a m a  

p o l i g o n a l n o g  p r e s e k a .  U i z r a z i m a  i s p r e d  k o j l h  s t o j e  d v a  z n a k a  

g o r n j i  z n a k  o d n o s i  se na  s l u č a j  k a d a  j e  č v o r  i p r v l  č v o r  p o -  

s m a t r a n e  s t r a n e  p o l i g o n a ,  p r i  { e m u  j e  p o t r e b n o  v o d i t l  r a d u n a  

o k o n v e n c i j i  o b e l e ž a v a n j a  č v o r o v a .

2.6  MODI FI KACI J A  MATRICE KRUTOSTI ELEMENTA

P a r a m e t r i  p o m e r a n j a  A Q p s r e d n j e g  n e o p t e r e ć e n o g  č v o r a ,  

k o n a č n o g  e l e m e n t a  I, m o g u  se  p r e  f o r m i r a n j a  g l o b a l n e  m a t r i ­

ce k r u t o s t i  e l i m i n i s a t i ,  t a k o  S t o  će se i z r a z l t î  p r e k o  p a r a m e -  

t a r a  p o m e r a n j a  k r a j n j i h  č v o r o v a  ztQn . Na t a j  n a d l n  d o b i j a  se 

k o n d e n z o v a n a  m a t r i c a  k r u t o s t i  e l e m e n t a  sa s m a n j e n i m  u k u p -  

n i m b r o j e m  n e p o z n a t i h  p a r a m e t a r a .

P o s t o  su p a r a m e t r i  p o m e r a n j a ,  k o j i  o d g o v a r a j u  s p o r e d -  

n l m s t e p e n i m a  s l o b o d e  p o m e r a n j a  д  </p s r e d n j e g  d v o r a ,  g r u p i ­

s a n i  na k r a j u  o d g o v a r a j u d e  m a t r i c e :

A t i п п A t i пр A <*n

_ *F P_ A  Ч r,n р п A  K РР^ Л Ч р _

( 2 . 6 8 )

i p o š t o  j e  v e k t o r  d v o r n i h  s i l a  A  F  j e d n a k  n u l l ,  t o  s i e d i :P
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( 2 . 6 9 )

Ka d a  se j e d n a č i n a  ( 2 . 6 9 )  u v r s t i  u ( 2 . 6 8 , 1 ) d o b i j a  se :

aF.П пп ( 2 . 7 0 )

o d a k l e  s i e d i  i z r a z  z a  m o d i f i k o v a n u  m a t r i cu k r u t o s t i  e l e m e n t a :

2.7 MATRICA TRANSFORMACIJE

2 . 7 . 1  MA T R I C A  T R A N S F O R M A C I J E  ZA POČETNU  
K O N F I G U R A C I J U  EL EMENTA

M a t r i c a  t r an s f o r m a c i j  e u s p o s t a v l j a  v e z u  i z m e d j u  g l a v n i h  

o s a  i n e r c i j e  e l e m e n t a ,  k o j e  i s t o v r e m e n o  d e f i n i ë u  o s e  l o k a l n o g  

k o o r d i n a t n o g  s i s t e m a  x y z , i o s a  g l o b a l n o g  k o o r d i n a t n o g  s i s ­

t e m a  X Y Z . P o s m a t r a  se p r o i z v o l j a n  e l e m e n a t  u p o č e t n o j  k o n -  

f i g u r a c i j l ,  u v r e m e n s k o m  t r e n u t k u  t = o, ( s l . 8 ) .

sl  .8
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M a t r i c a  t r a n s f o r m a c i j  e p o t r e b n a  u i n k r e m e n t a l n o m  p o s -  

t u p k u  b i ć e  d e f i n i s a n a  u s l a d e ć e m  p o g l a v l j u .

D a t e  su g l o b a l n e  k o o r d i n a t e  t r i  t a č k e :  dve  č v o r n e  t a č k e  

1 i 2 na k r a j e v i m a  e l e m e n t a  i p r o i z v o l j n e  t a č k e  3 u r a v n i  p o -  

p r e č n o g  p r e s e k a  1 k o j a  o d r e d j u j e  p o l o ž a j  k o o r d i n a t n e  o s e  y .  

A k o  sa ( ax , a Y , az ) ,  ( bx , b Y ,bz ) i ( cx , c Y , c z ) o z n a č i m o  p r o j e k c i j e  

j e d i n i č n i h  v e k t o r a  a ,  b  i e l o k a l n i h  k o o r d i n a t n i h  o s a  na o s e  

g i o b a l n o g  k o o r d i n a t n o g  s i s t e m a ,  o d r e d j e n e  J e d i n i č n i m  v e k t o r i -

m a J, i Y

g d e su :

! ' z m a t  r i c a t r a n s f o r m ac  i j  e d a t a  j e i z r a z o m :

ax a y az

t = t>x b y bz ( 2 . 7 2 )

cx C y cz

cx  = T ( / i  - *>>

Cy ~ r ,Y s - V ( 2 . 7 3 )

cz  “ - T < z *  - z ,>

nX-Q —L  ( y  
d -  X ,)

by  = _L  / y
d ' r 3 -  V ( 2 . 7 4 )

bz  = i < z > -  z,>

V e l i č i n e  L I d o d r e d j e n e  su i z r a z i m a :

L = -J(X2 -  х , ; г  + ( y2 -  Y , ) 2 + ( Z 2 -  Z t ) 2
_____________________________________________  ( 2 . 7 5 )

d = i / ( X3 -  X , ) 2 + (Y3 -  Yt ) 2 + ( Z 3 -  Z , ) 2

I z u s l o v a  da j e  j e d i n i č n i  v e k t o r  a j e d n a k  v e k t o r s k o m  p r o i z v o -  

du v e k t o r a  h  i c  d o b i j a  s e :
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aX*X  + aY*Y + aZ * Z

g d e s u :

ax -  byCz bz c Y

aY n o- N o X bx cz ( 2 . 7 7 )

az -  bx Cy b y cx

Sa o v a k o  d e f i n i s a n o m  m a t r i c o m  t r a n s f o r  m a c i j e  v e z a  i z -  

m e d j u  j e d i n i č n i h  v e k t o r a  l o k a l n i h  i g l o b a l n i h  k o o r d i n a t n i h  o s a  

g ! a s i :

( 2 . 7 8 )

2 . 7 . 2  M A T R I C A  T R A N S F O R M  A C I J E  U UPDATED
L A G R A N G E O V O M  I NK R E ME NT A L NOM P O S T U P K U

U p d a t e d  L a g r a n g e o v  i n k r e m e nt  a l n I p o s t u p a k  z a h t e v a  n a -  

l a ž e n j e  m a t r i c e  t r an s f o r m a c i j  e z a  s v a k i  n a r e d n i  k o r a k  p r o r a -  

d u n a .  P r e t p o s t av I j a se  da  j e  p o z n a t  p o l o ž a j  l o k a l n o g  k o o r d i -  

n a t n o g  s i s t e m a ,  za  p o č e t n u  k o n f i g u r a c i j  u e l e m e n t a  u v r e m e n -  

s k o m  t r e n u t k u  r  = 0 , u o d n o s u  na g l o b a l n i  k o o r d i n a t n i  s i s t e m .  

M a t r i c a  t r a n s f o r m ac i j e z a  k o n f i g u r ac  i j  u u p r o i z v o l j n o m  v r e -  

m e n s k o m  t r e n u t k u  r = f ,  k o r i s t e ć i  E u l e r o v e  u g l o v e  r o t a c i j a ,  k o -  

j i  l o k a l n e  k o o r d i n a t n e  o s e  i z  p o l o ž a j a  u v r e m e n s k o m  t r e n u t ­

ku x = 0 p r e v o d e  u p o l o ž a j  u t r e n u t k u  v = t ,  m o ž e  se p i s a t i  u o -  

bl  i k u :

t t  = U R t t K ( 2 . 7 9 )
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t KM a t r i c a  t r a n s f o r m a c i j e  t  u k l j u č u j e  r o t a c i  j e  o k o  o s a  o d r e -  

d j e n i h  j e d i n i č n i m  v e k t o r i m a  ° b  i 1 a  , k o j e  č v o r o v e  1 i 2  e i e -  

m e n t a ,  i z p o l o ž a j a  u v r e m e n s k o m  t r e n u t k u  r = o, p r e v o d e  u p o -  

l o ž a j  u v r e m e n s k o m  t r e n u t k u  t  = t ,  ( s l . 9 ) .

t KM a t r i c a  t  d a t a  j e  i z r a z o m :

( 1 t 1 t i
ax aY az

bx b y t . i
bz

t „ t t
cx CY cz

( 2 . 8 0 )

P r o j e k c i j e  j e d i n i č n o g  v e k t o r a  na g l o b a l n e  k o o r d i n a t n e  o s e  

o d r e d j e n e  su i z r a z l m a  ( 2 . 7 3 )  i ( 2 . 7 5 , 1 ) ,  p r i  č e m u  se  g l o b a l n e
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k o o r d i n a t e  t a č a k a  1 I 2  e l e m e n t a  s a d a  o d n o s e  na p r o i z v o l j a n  

v r e m e n s k l  t r e n u t a k  t .

G l o b a l n e  p r o j e k c i j e  j e d l n l č n o g  v e k t o r a  t a  m o g u  se o d r e -  

d i t l  p o l a z e ć i  od r e l a c l j e :

t ia ° b x tc  
U°b x tc  Џ

( 2 . 8 1 )

gd e  j e :

( 2 . 8 2 )

i z  ( 2 . 8 1 )

gd e  su :

(2 . 8 2 )  d o b i j a  s e :

t /
ax it

■H
e*

-

4
_ JY
~ J ( 2 . 8 3 )

t j _ Jz
az '  J

Jx  = -  \ ' с у

, _ 0. t _ O. t Jy  -  Dz  Cx  D x  Cz ( 2 . 8 4 )

Jz  = bx  Cy b y  cx

J = i j  Jx  + J y  + Jz ( 2 . 8 5 )

K o r i s t e ć l  i z r a z :

V  =  ‘ e x ' a 1 ( 2 . 8 6 )

p r o j e k c i j e  j e d i n i č n o g  v e k t o r a  e na g l o b a l n e  k o o r d i n a t n e  o s e ,
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d a t e  su j e d n a č i n a m a :

/ t t 1 t „ t 1
'X = Cy az  - cz a y
/ t t 1 t t i
V = cz ax  - CX az
1 t t 1 t t i

’z  = cx a y ■ Cy ax

( 2 . 8 7 )

M a t r i c a  t r  a n s f o r m a c i j e  o d r e d j u j e  r o t a c i j u  e l e m e n t a

o k o  n j e g o v e  a k s i j a l n e  o s e ,  u k o n f i g u r a c i j ' i  u t r e n u t k u  v r e -  

m e n a  z = t . O v o m  r o t a c i  j o m  o s e  o d r e d j e n e  j e d i n i č n i m  v e k t o r i m a  

f a '  i p r e v o d e  se u o s e  fx  i *у,  o d r e d j e n e  j e d i n i č n i m  v e k t o ­
r i m a  f a. i 1 ì> :

co  s ( ) s i n  ( t&s ) 1

- s  i n ( ) co  s ( 1-9-s ) 0

0 0 0

( 2 . 8 8 )

Ug a o  o b r t a n j a  t -&s , i m a j u ć i  u v i d u  da j e  n j e g o v a  v r e d n o s t
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i z p r e d h o d n o g  k o r a k a  p r o r a č u n a  p o z n a t a ,  d o b i j a  se Iz I z r a z a :  

-  ( - A t & * ( 2 . 8 9 )
s s s

p r e t s t a v l j a  s r e d n j u  v r e d n o s t  i n k r e m e n t a l n i h  u g l o v a  o b r -  

t a n j a  k r a j n j l h  p o p r e č n l h  p r e s e k a  e l e m e n t a :

а *&в -  - 2~( At&t + a *$2 ) =

- ^ [ Ч « ( А (0 Х1 * а ' & х 2 ) + ' Ф а ' $ У1 + а ^ У2 ; + * t £  а *92 2 ) ]

V e l i č l n e  А * $ Хј, 1 A ^ Z i  = o d n o s e  se na g l o b a l n i  k o -

o r d i n a t n i  s l s t e m .
T r a ž e n a  m a t r i c a  t r an s f o r m a c i j  e ( 2 . 7 9 )  d o b i j a  se o d g o v a -  

r a j u ć i m  m n o ž e n j e m  m a t r i c a  ( 2 . 8 0 )  i ( 2 . 8 8 ) :

t =

• • * 4 t&Z

4 4 '*>z

*cx 4 ‘ e r

( 2 . 9 1 )

gd e s u :

4  - t ax  c o s  ( 1&S) f t b'x  s in ( l &s )

‘ • y  - *ау  c o s  ) * ^ у 3  1п( *&8 )

• * z  - * a'-? co  s ( t& ) zi s + tb'z  s in ( fSs )

4  = t b'x  C O  S ( t&s ) - f a y s i  n ( ( £ )

II>-
-O t by  c o s  ( 1&S ) - f ay  s in ( f&s )

№ N H c o s  (*■&..)JL S
- t az  s in (*&в )

( 2 . 9 2 )

2 . 8  MATRICA KRIITOSTI KONAČNOG ELEMENTA 
ti GLOBALNOM KOORDINATNOM SISTEMI!

O z n a č i m o  sa  A q *  v e k t o r  g e n e r a I i s a n i h p o m e r a n j a  č i j l  su
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e l e m e n t i  p r o j e k c l j e  ! n k r e m e n t al  n i h p a r a m e t a r a  p o m e r a n j a  k r a j -  

n j l h  p o p r e č n l h  p r e s e k a  e l e m e n t a  u p r a v c i m a  g l o b a l n i h  k o o r d l -  

n a t n l h  o s a :

A q  = [ л и Х1  A U y1  A U Z 1  A(px 1  A  tpY1 A t p z i  A v / 11  • • • A w h  . . . A W p1

[ a u X 2  A U Y 2  A U Z 2  Л ф Х 2  A ( p Y 2  A(pZ 2  A W 1 2 . . . A W j 2 - ■ ■ A Y / n 2 ] T

V e z a  i z m e d j u  v e k t o r a  p o m e r a n j a  u g l o b a l n o m  I l o k a l n o m  k o o r -  

d l n a t n o m  s i s t e m o  o d r e d j e n a  j e  r e l a c i j o m :

A q  = T  A q *  ( 2 . 9 4 )

gd e  j e  T  u k u p n a  m a t r i c a  t r a n s f o r m a c i j e k o j a  se  m o ž e  p r e t -  

s t a v l t i  p o m o ć u  m a t r i c e  t r a n s f  o r m ac I j e d a t e  I z r a z o m  ( 2 . 9 1 ) :

t

T  =

0 • • 0 * * 0

t  • * 0 • • 0
• •
# •

. .  7 . .  o

• •
• •

t

o  *  *  0

0 * * 0 * *

0 * • 0

0 •• 0

( 2 . 9 5 )

t  •* 0

1 ••

A k o  se sa  a F *  o z n a č l  v e k t o r  č i j l  su e l e m e n t i  p r o j e k c l j e  

i n k r e m e n t al n I h č v o r n i h  s i l a  k o n a č n o g  e l e m e n t a  u p r a v c i m a  g l o -  

b a l n o g  k o o r d l n a t n o g  s i s t e m a :

a F [ a FX i A F Y1 AFZ1 a MX i a M y1 a M Z1 a B1i ■ • ' a B H • ■• A B n 1
[ a Fx2 A F Y2 AFZ2 a Mx2 ^ M y  £ a MZ2 a B12.. . A  Bj2 . . ■ л в п 2 ] т

i k o r l s t e ć l  u s l o v  j e d n a k o s t i  v l r t u a l n o g  r a d a  s i l a  p r l  v l r t u a l n l m  

p o m e r a n j l m a ,  u o d n o s u  na l o k a l n l  i g l o b a l n i  k o o r d i n a t n i  s i s ­
t e  m , d o b i j a  s e :
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SU -  S A q T a F  = S A q * T A p i *  -  s A q * T T T a F ( 2 . 9 7 )

o d n o s n o :

a F *  -  T T a F  ( 2 . 9 8 )

K o r i s t e ć i  I z r a z e  ( 2 . 94- )  I ( 2 . 9 8 )  mo g u  se u s p o s t a y i t l  v e -  

ze I z m e d j u  m a t r i c e  k r u t o s t i  e l e m e n t a  ü l o k a l n o m  i g l o b a l n o m  
k o o r d i n a t n o m  s i s t e m u :

a F *  = K *  A q *  = T T a F  = T T ( K A q  ) = T T K T A  q *

o d n o s n o :

U *  = T T K T  ( 2 . 9 9 )

M a t r i c a  T  j e  o r t o g o n a l n a ,  T~1 = T T, pa se mo g u  p i s a t i  i 

i n v e r z n i  o b l i c i  j e d n a č i n a  ( 2 . 9 4 ) ,  ( 2 . 9 8 )  i ( 2 . 9 9 ) :

A q * = T T A q

a F  = T a F *  ( 2 . 1 0 0 )

K  = T U * T J

2 . 9  SISTEMNA t a C k a  p r e s e k a

Ka o  š t o  Je v e ć  r a n i j e  n a p o m e n u t o  k o n a č a n  e l e m e n a t  k o j i  

j e  o p i s a n  u ovor n r a d u  d o z v o l j a v a  a n a l i z u  s i s t e m a  k o m b l n o v a -  

n i h  od t a n k o z i d n i h  e l e m e n a t a  o t v o r e n o g  i z a t v o r e n o g  p o p r e č -  

nog p r e s e k a .  U o p ë t e m  s l u č a j u  t e ž i š n e  t a č k e  d v a  s u s e d n a  e -  

l e m e n t a  ne m o r a j u  se m e d j u s o b n o  p o k l a p a t i ,  pa j e  p r e t h o d n o  

p o t r e b n o  v e k t o r  p o m e r a n j a  A q  t r a n s f o r m i s a t i  u v e k t o r  A q s , 

č i j e  se  s v e  k o m p o n e n t e  o d n o s e  na z a j e d n i č k u ,  s l s t e m n u  t a č -  

ku S p r e s e k a :

= T s A q
S

A q ( 2 . 101 )
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A k o  se k o o r d i n a t e  t e ž i š n e  t a č k e  p r e s e k a ,  u o d n o s u  na k o o r -  

d i n a t n i  s i s t e m  x s y  p a r a l e l a n  g l a v n i m  o s a m a  I n e r c i j e ,  o b e t e ž e  

sa  x c i y c , m o g u  se u s p o s t a v i t i  s l e d e ć e  r e l a c l j e ;  za  k o n a č a n  

e I e m e n at  I :

AU — AUs УСА К

AV = Xo A K

AW0 = + У с Ф х  s -  X c t> y s

Афх = ^ x s

Дфу =
А Фув

AS = A K

AWj = A * i s i =

i za  k o n a č a n  e l e m e n a t  I I :

( 2 . 1 0 2 )

a u  = ди  -  y  A A
S  y  C  S

AV = AV^ + X_ A #  s c s

A w 0 = AWOs -  У о А К  -  Xa A U L

- A V '  = -  AV ' -  X A $LS C S
A U '  = A U s - Уе * К  ’

A S  = A * s

AWj =
A W i s /  =

( 2 . 1 0 3 )

g d e ,  s o b z i r o m  da s m o  u s Y o j i l i  l i n e a r n u  p r o m e n u  u g l a  o b r t a n j a  

a S i z m e d j u  k r a j n j ì h  č v o r o v a  e l e m e n t a ,  m o ž e m o  p i s a t i :

( a S
S2 -  A *s,> ( 2 . 1 0 4 )

I z r a z i m a  ( 2 . 1 0 2 )  i ( 2 . 1 0 3 )  o d r e d j e n e  su m a t r i c e  t r a n s f o r m a -  

c i j e  T s za  k o n a č a n  e l e m e n a t  I I k o n a č a n  e l e m e n a t  I I :
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U i z r a z i m a  ( 2 . 9 4 ) ,  ( 2 . 9 8 ) ,  ( 2 . 9 9 )  i ( 2 . 1 0 0 )  m a t r t c u  t r a n s f o r -  

m a c i j e  T  t r e b a  z a m e n i t i  m a t r i c o m  t r a n s f o r m a c i j e  T u :

T u = T T S ( 2 . 1 0 5 )

k o j a  u s p o s t a v l j a  v e z u  I z m e d j u  l o k a l n o g  i g l o b a t n o g  k o o r d i n a t -  

nog s i s t e m a  i i s t o v r e m e n o  u k l j u č u j e  t r a n s f o r m a c i j  u s v i h  k o m -  

p o n e n a t a  na s i s t e m n u  t a č k u  p r e s e k a .

2 . 10  MATRICA KRUTOSTI SISTEMA

U p r e t h o d n i m  p o g t a v l j i m a  i z v e d e n a  j e  m a t r i c a  t r a n s f o r ­

m a c i j e  k o j a  d e f i n i š e  p o l o ž a j e  l o k a l n i h  k o o r d i n a t n i h  s i s t e m a ,  u 

k o j i m a  j e  a n a t i z a  e l e m e n a t a  n aj j  e d n o s t av n i j a , u o d n o s u  na z a -  

j e d n i č k l  g l o b a l n i  k o o r d i n a t n i  s i s t e m ,  d i m e  su u j e d n o  o d r e d j e -  

ne g l o b a l n e  m a t r i c e  k r u t o s t i  p o j e d l n i h  e l e m e n a t a .

Da bi  se  i z v r š i l a  a n a l i z a  k o m p l e t n e  k o n s t r u k c i j e  n e o p h o -  

d n o  j e  d e f l n i s a t i  m a t r i c u  k r u t o s t i  s i s t e m a .  M a t r i c a  k r u t o s t i
/A

s i s t e m a  K  d o b i j a  se k a d a  se e l e m e n t i  m a t r i c e  k r u t o s t i  p o j e -  

d i n i h  e l e m e n a t a ,  k o j i  su i z r a ž e n i  p r e k o  o z n a k a  č v o r o v a  u g l o -  

b a l n o m  k o o r d i n a t n o m  s i s t e m u ,  p o s t a v e  na o d g o v a r a j u ć u  p o z i -  

c l j u  u n u t a r  m a t r i c e  s i s t e m a ,  i e l e m e n t i  k o j i  p a d n u  u i s t u  p o -  

z i c i j u  s a b e r u :

K  = Z K *  ( 2 . 1 0 6 )
m mm

m o z n a č a v a  u k u p a n  b r o j  e l e m e n a t a  u s i s t e m u .

Na i s t i  n a č i n  f o r m i r a  se i v e k t o r  r a v n o t e ž n i h  č v o r n i h  s i ­

l a s i s t e m a :

Q ( 2 . 1 0 7 )

L a g r a n g e o v e  i n k r e m e n t al  n e j e d n a č i n e  r a v n o t e ž e  s i s t e m a  

d a t e  su ì z r a z o m :

K NL ) A q  =_ t + A t R t
Q ( 2 . 1 0 8 )
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gd e  j e  sa  A q  o z n a č e n  v e k t o r  g e n e r a I i s a n i h p a r a m e t a r a  p o m e -  

r a n j a  č v o r o v a  s i s t e m a  u o d n o s u  na g l o b a l n l  k o o r d i n a t n i  s i s -  

t e m .  U o s l o n a č k i m  č v o r o v l m a  o d g o v a r a j u ć a  p o m e r a n j a  su p o -  

z n a t a ,  š t o  s m a n j u j e  u k u p a n  b r o j  n e p o z n a t i h ,  a s a m i m  t i m  i u -  

k u p a n  b r o j  J e d n a č l n a  s i s t e m a .

2.11 VEKTOR CVORNIH SILA I NUMERICKA INTEGRACIJA

D r u g i  č l a n  na d e s n o j  s t r a n i  i n k r e m e n t a I n i h j e d n a č i n a  r a v -  

n o t e ž e  s i s t e m a  ( 2 . 1 0 8 )  p r e t s t a v i j a  v e k t o r  r a v n o t e ž n l h  č v o r n i h  

s i l a ,  k o j i  i z r a ž e n  p r e k o  u n u t r a š n j l h  n a p o n a ,  i ma  o b l î k :

f jQ = Z f f f ' B J ' ô  d t V ( 2 . 1 0 9 )

Da bi  s i s t e m  b i o  u r a v n o t e ž i  o v a j  v e k t o r  t r e b a  da  b u d e  j e d -  

n a k  v e k t o r u  s p o l j n j i h  s i I a :

* $  = * R  -  = o ( 2 . 1 1 0 )

U s l o v i  ( 2 . 1 1 0 )  n i s u  i s p u n j e n i  u s t r o g o  m a t e m a t i č k o m  s m i s i u ,  

u s l e d  č e g a  d o l a z i  do o t s t u p a n j a  od t a č n o g  r e š e n j a ,  z a v i s n o  od 

s t e p e n a  n e I i n e ar  n o s t i p r o b l e m a .
t j*4Da bi  se  s m a n j i o  v e k t o r  n e u r a v n o t e ž e n i h  č v o r n i h  s i t a  ф 

v r š e  se i t e r a c i j e  s v e  d o k  se  ne i s p u n e  p o s t a v l j e n i  u s l o v i  k o n -  

v e r g e n c i j e .

V e k t o r  č v o r n i h  s i l a  i g e o m e t r i j s k a  m a t r i c a  k r u t o s t i  e i e -  

m e n t a  d o b i j a j u  se  n u m e r i č k o m  I n t e g r a c i j o m . U r a d u  j e  k o r i š -  

ć e n  N e w t o n - C o t e s o v  I n t e g r a c i o n i  p o s t u p a k  sa  m a k s i m a l n o  s e ­

d a m e k V i d i s t a n t n i h i n t e g r a c i o n i h t a č a k a  d u ž  o s e  e l e m e n t a ,  m a ­

k s i m a l n o  s e d a m  i n t e g r  a c i o n i h  t a č a k a  d u ž  s v a k e  s t r a n e  p o l l g o -  

n a l n o g  p r e s e k a  i t r i  i n t e g r a c i o n e  t a č k e  po d e b l j i n l  p o l l g o n a l -  

ne s t r a n e .
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3 .  N Ü M E R I C K I  p o s t u p à k  r e š a v a n j a  g e o m e t r i j s k i
N E L I N E A R N I H  P R O B L E M A  

3 . 1  UVOD

P r l m e n o m  p r l n c i p a  v i r t u a l n i h  p o m e r a n j a ,  uz  f i z i č k u  d l s -  

k r e t l z a c i j u  s i s t e m a  k o n a č n l m  e l e m e n t i m a ,  i z v e d e n e  su  o s n o v -  

ne i n k r e m e n t a l  ne f o r m e  j e d n a č i n a  r a v n o t e ž e  s i s t e m a ,  l i n e a r ­

ne po i n k r e m e n t i m a  p o m e r a n j a .  P r o b l e m i  g e o m e t r i j s k e  n e l i n e -  

a r n o s t i  s v o d e  se s a d a  na s u k c e s i v n o  r e š a v a n j e  s i s t e m a  I i n e ­

a r  n i h J e d n a č i n a ,  p r i m e n o m  n e k e  od b r o j n i h  m e t o d a  p r o r a č u n a .

K l a s i č n l m  I n k r e m e n t a l n o  i t e r a t i v n i m  m e t o d a m a  u o p š t e m  

s l u č a j u  n i j e  m o g u ć e  d o b i t i  r e š e n j e  u n e p o s r e d n o j  b l i z i n i  g r a -  

n i č n e  t a č k e ,  b e z  o b z i r a  na v e l l č i n u  i n k r e m e n t a  i b r o j  i t e r a c l -  

Ja,  o d n o s n o  u p o d r u č j i m a  i z r a z l t ì h  n e I i n e a r n o s t i ove  m e t o d e  

n a j č e š ć e  d o v o d e  do  d i v e r g e n c i j e  r e š e n j a .  J e d a n  od v e o m a  e f i -  

k a s n l h  n u m e r i č k i h  p o s t u p a k a  r e š a v a n j a  g e o m e t r i j s k i  n e l i n e a r -  

n l h  p r o b l e m a ,  uz  m o g u ć n o s t  a n a l i z e  p r ed k r 11 i č n og i p o s t k r i t i -  

č n o g  p o n a š a n j a  k o n s t r u k c I j a , j e  m e t o d a  k o n s t a n t n o g  l u k a  k o -  

j u  j e  p r v i  p r e d l o ž i o  E.  R i c k s ,  a p r i l a g o d l o  m e t o d i  k o n a č n i h  e -  

l e m e n a t a  M.  C r i s f i e l d .  Ov a  m e t o d a  u k o m b i n a c i j ì  sa m e t o d o m  

k o n s t a n t n o g  i n k r e m e n t a  s p o l j n j e g  r a d a  p r i m e n j e n a  Je u o v o m 

r a d u  i u i z a b r a n i m  p r i m e r i m a  d a t a  Je d o b r e  r e z u l t a t e .

3 . 2  METODA KONSTANTNOG LUKA

I n k r e m e n t a I n i m j e d n a č i n a m a  r a v n o t e ž e  ( 2 . 1 0 8 )  d o d a t  j e  

nov  u s l o v  k o j i m  se  p r e k o  z a d a t e  v e l i č i n e  1 o g r a n i č a v a j u  v e l i -  

b i n e  I n k r e m e n t a  u N+1  d i m e n z i o n a l n o m  p r o s t o r u .  Kao  n o v a  n e -  

p o z n a t a  J a v l j a  se  p a r a m e t a r  A,  ( s i . 11) .
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X R

I z ( s i . 11) s i e d i :

4, = «/-, + AQi

t + A tq = + 4

ii 7 + <l

t + A t i  = *A * A,

D o p u n s k l  u s l o v  m o ž e se  n a p i s a t i  u o b l l k u :

( 3 . 1 )

q j q { * Л,г И ' И  = l

i l i ,  k a k o  p r e d l a ž e  C r i s f i e l d

« , 4  =

( 3 . 2 )

( 3 . 3 )

k o r i s t e ć i  m o d i f i k o v a n u  N e w t  o n -  R a p h s o n o v u m e t o d u  i n k r e m e n t -  

a l n a  p o m e r a n j a  d o b i j a j u  s e  i z  j e d n a č i n e :
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A q j = K  ' + л  A, S ( 3 . 4 )

g de  Je ф/ 1  v e k t o r  n e u r a v n o t e ž e n i h  č v o r n i h  s i l a :

=  ( ' *  + W »  -  O i - 1  ( 3 - 5 )

S = K  ' п  ( 3 . 6 )

N e p o z n a t i  p a r a m e t a r  A X t , k o j i  se  j a v l j a  u I z r a z u  ( 3 . 4 ) ,  d o b l -  

j a  se i z k v a d r a t n e  j e d n a č i n e :

a , A \ f  + аг л ^ј  + a3 = o ( 3 . 7 )

gd e  s u :

a, = ST S

a г = 2 ( q i_) + K - , <Pi_i ) T S ( 3 . 8 )

аз = 1 4 , - ,  *  ч " ф , . , ) т ( ч , - ,  *  -  ‘ г

Od d v a  k o r e n a  j e d n a č i n e  u s v a j a  se o n a j  k o j i  o d r e d j u j e  p o z i t i -  

v a n  u g a o  i z m e d j u  v e k t o r a  q j_) i q r  V e l i  d i n a  L k o j a  j e  u p r v o m  

i n k r e m e n t u  o d r e d j e n a  i z r a z o m :

l = A0 / ST S ( 3 . 9 )

u s v a k o m  s l e d e ć e m  c i k l u s u  o p t e r e ć e n j a  o d r e d j u j e  se t a k o  da 

se u s l o v  k o n V e r ge n c i j e z a d o v o l j i  u p r i b l i ž n o  i s t o m  b r o j u  i t e ­

r a  c i j a :

t, =
3 + 5

ì - i Ji-i
( 3 . 1 0 )

p r i  č e m u  j e  Jf_ b r o j  i t e r a c i j a  u p r e t h o d n o m  c i k l u s u .

P o d e t n i  p a r a m e t a r  o p t e r e ć e n j a  A0 u o k v i r u  s v a k o g  i n k r e -  

m e n t a  o d r e d j e n  j e  j e d n a č i n o m :
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Ao ( 3 . 11)

P r o m e n a  z n a k a  u s l o v l j e n a  j e  p r o m e n o m  z n a k a  i n k r e m e n t a I no g 

r a d a  A U ,  č l j a  se v r e d n o s t  i s p i t u j e  na p o č e t k u  s v a k o g  i n k r e -  

m e n t a  o p t e r e ć e n j a :

A U  = STR ( 3 . 1 2 )

3.3  METODÀ KONSTANTNOG INKREMENTA 
SPOLJNJEG RADA

U b l l z i n i  g r a n i č n i h  t a č a k a  b o l j a  k o n v e r g e n c i j  a se p o s t i -  

2e a k o  se u m e s t o  m e t o d e  k o n a č n o g  l u k a  p r i m e n i  m e t o d a  k o n -  

s t a n t n o g  l n k r e m e n t a  s p o l j n j e g  r a d a ,  ( s i . 12 ) .

A k o  sa  l * A t U o z n a č i m o  i n k r e m e n t a I n I r a d  s p o l j n j i h  s i l a ,  

j e d n a č i n a  o g r a n i č e n j a  ( 3 . 3 ) ,  za  p r v u  i t e r a c i j u  u o k v l r u  p o s -  

m a t r a n o g  l n k r e m e n t a ,  u o v o m s l u č a j u  g l a s l :
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Г*А + -±-AQ) A QR T S = t + A t U ( 3 . 1 3 )

d i me  j e  o d r e d j e n a  k v a d r a t n a  j e d n a č i n a  po n e p o z n a t o m  p a r a -  

m e t r u  o p t e r e ć e n j a  A0 :

a( A*  + 2 а г А0 + a3 = o ( 3 . 1 4 )

g d e su :

a, = R T S

a2 = * A R T S ( 3 . 1 5 )

a3 = - 2  t + A t U

Od d v a  m o g u ć a  r e a l n a  k o r e n a  j e d n a č l n e  t r e b a  u z e t i  o n a j  k o j i  

Je po a p s o l u t n o j  v r e d n o s t i  m a n j i .  U s l e d e ć i m  I t e r a c i j a m a  j e d -  

n a č l n a  o g r a n i č e n j a  g I a s i :

[ ( l A + Ai_l ) + у л А ; ] Н Т ( К ~ ’ фј_, + A A t S) = o ( 3 . 1 6 )  

a o d g o v a r a j u ć a  k v a d r a t n a  j e d n a č i n a :

+ 2 a2 а Ај + a3 = o ( 3 . 1 7 )

gd e s u :

a, = R T S

аг = - ^ - Н тК ~ ' ф 1_1 + ( ‘ x * Л , _ , ) Н ТЈ ( 3 . 1 8 )

a3 = 2 ( ‘ X* Л , _ , Ш Т Ј { - ' ф , . ,

U s v a j a  se k o r e n  k o j l  d a j e  p o z i t l v a n  u g a o  i z m e d j u  q f_ i q ,

P r e l a z a k  sa  m e t o d e  k o n a č n o g  l u k a  na m e t o d u  k o n s t a n t -  

nog  I n k r e m e n t a  s p o l j n j e g  r a d a  v r S l  se a u t o m a t s k i  k a d  Je I s -  
p u n j e n  u s l o v  :

, , l l t + A t Ul l
B b s < l 4 l

1) *  0 . 1 5  + 0 . 2 5 ( 3 . 1 9 )
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Na p o č e t k u  s v a k o g  I n k r e m e n t a  o d r e d j u j e  se  v r e d n o s t  i n -  

k r e m e n t a l n o g  r a d a  na  o s n o v u  n j e g o v e  v r e d n o s t l  i z  p r e t h o d n o g  

k o r a k a  p r o r a č u n a :

t + A t U = T  Ч т -  t U ( 3 . 2 0 )

g de  j e  *1) o d r e d j e n o  j e d n a č l n o m  ( 3 . 1 3 ) .  D a l j l  p o s t u p a k  p r o r a -  

č u n a  i s t i  j e  k a o  i k o d  m e t o d e  k o n s t a n t n o g  l u k a .

3 . 4  KRITERIJUMI KONVERGENCIJE

I t e r a t i v n i  p r o c e s  u o k v i r u  p o s m a t r a n o g  i n k r e m e n t a  o p t e -  

r e ć e n j a  s m a t r a m o  o k o n č a n i m  k a d a  se i s p u n e  p o s t a v l j e n i  k r i ­

t e  r I j u m I k o n v e r  g e n c i j e  :

л д Ј [ ( 1\  * у л  - Q i_ i ]

+ V Ä  -  * 9 1
*  E T O L ( 3 . 2 1 )

H * *  + V i *  - Q j l l 2 
H ' *  *  A0 J H  -  tQ t 2

*  RT OL ( 3 . 2 2 )

g d e  j e  sa  ÿ Ц£ o z n a č e n a  E u c l i d e o v a  n o r m a ,  a s a  E T O L  i RT OL  

m e r e  k o n v e r g e n c i j e  k o j e  se  mo g u  p r o g r a m s k i  z a d a t i .

Kod N e w t o n -  R a p h s o no V e m e t o d e ,  k o j a  se  t a k o d j e  k o r i s t i  

u d a t o m  p r o g r a m u ,  u s l u č a j u  da  k o n ve r g e n c i j  a n i j e  p o s t l g n u -  

t a  u z a d a t o m  b r o j u  i t e r a c i j a ,  a p r o c e s  n i j e  d i v e r g e n t a n ,  i t e ­

r a t i v n i  p o s t u p a k  s e  a u t o m a t s k i  p o n a v l j a  sa u p o l a  m a n j i m  i n -  

k r e m e n t o m  o p t e r e ć e n j a .
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4 .  B R O J N I  P R I MERI  

4 , 1  U VOD

Na os noYU t e o r i j s k i h  r a z m a t r a n j a  u p r e d h o d n l m  p o g l a v -  

I j i m a  n a p i s a n  Je p r o g r a m  T E Z O P ,  č i j i  j e  l i s t i n g  sa  o p i s o m  u -  

l a z n l h  p o d a t a k a  d a t  u p r i l o g u ,  na  k r a j u  r a d a .  P r o g r a m  j e  n a ­

p i s a n  u p r o g r a m s k o m  j e z i k u  F o r t r a n  77.

P r o g r a m  se k o r i s t i  za l i n e a r m i  i n e l i n e a r n u  a n a l i z u  k o n -  

s t r u k c i j a  s a s t a v l j e n i h  od n o s a č a  o t v o r e n o g  i z a t v o r e n o g  t a n -  

k o z l d n o g  p o p r e č n o g  p r e s e k a .  U o k v i r u  g e o m e t r i j s k i  n e l i n e a r -  

n i h  p r o b l e m a ,  m o g u ć e  Je a n a l i z i r a t i  i p o s t k r i t l č n o  p o n a š a n j e  

k o n s t r u k c i j a .

Z a  i l u s t r a c i j u  s v e g a  do s a d a  i z n e t o g  i r a d i  p r o v e r e  n a -  

p i s a n o g  p r o g r a m a  u r a d j e n o  Je n e k o l i k o  e l e m e n t a r n i h  p r i m e r a ,  

č i j a  se  r e š e n j a  mo g u  n a ć i  u l i t e r a t u r l .  Z a  s v e  p r i m e r e  p r i k a -  

z a n i  su  s a m o  k a r a k t e r i s t  i č ni  r e z u l t a t i .  P r i m e r !  su u r a d j e n i  na 

m i k r o r  a č u n a r u A T A R I  1 0 4 0 S T ,  m e m o r i j e  1Mb.

4 . 2  PRIMER 1.

M “ 100M pm

7 ̂ --------- - LmOm ----------- 7

E»21000 Kryfcm^

si .13
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Kao  pr Yi  p r i m e r  I z a b r a n  j e  t a n k o z i d n i  n o s a č  s a n d u č a s t o g  

p o p r e č n o g  p r e s e k a  p r i k a z a n o g  na  ( s i . 1 3 ) .  N o s a č  Je v i l j u š k a s -  

t o  o s l o n j e n  na k r a j e v i m a .  U s r e d l n i  r a s p o n a  o p t e r e ć e n  j e  k o n -  

c e n t r i s a n i m  m o m e n t o m  t o r z i j e  M.  U g a o  o b r t a n j a  s r e d n j e g  p o p -  

r e č n o g  p r e s e k a  8, u z a v i s n o s t l  od b r o j a  k o n a č n i h  e l e m e n a t a ,  

i g r e š k a  u o d n o s u  na v r e d n o s t  k o j a  se d o b i j a  k l a s i č n o m  t e o -  

r l j o m  t a n k o z i d n i h  n o s a č a ,  d a t i  su u t a b e l i  1.

T a b e l  a 1.

Br .  e i e m . ^k 1 a s .
E 1 e m e n a t 1 E l e m e n a t  I I

G r e š k a  % »N G r e š k a  %

2

0 . 0 1 4 1 9

0 . 0 1 3 8 4 2 . 4 7 0 . 0 1 3 8 7 2 . 2 5

4 0 . 0 1 4 0 2 1 . 2 0 0 . 0 1 4 0 4 1 . 0 6

6 0 . 0 1 4 1 0 0 . 6 3 0 . 0 1 4 1 0 0 . 6 3

8 0 . 0 1 4 1 3 0 . 4 2 0 . 0 1 4 1 3 0 . 4 2

V r e d n o s t l  s m i č u ć i h  n a p o n a  r w , r a v n o m e r n o  r a s p o r e d j e n i h  

po d e b l j i n i  z i d a ,  p r i  a p r o k s i m a c i j i n o s a č a  sa 16 k o n a č n i h  e l e ­

m e n a t a ,  p r i k a z a n a  su na ( s i . 1 4 ) .

+

+ T^ /XPaJ
133.3
138.8

(133.3)

66.7
69 . 4

(66.7)
Si .14

.ЗЗМРа

G o r n j e  v r e d n o s t i  s m i č u ć i h  n a p o n a  o d n o s e  se na s l u č a j  a -  

p r o k s i m a c i j e  n o s a ć a  k o n a č n i m  e l e m e n t l m a  I, a d o n j e  k o n a č n i m  

e l e m e n t i m a  I I .  U z a g r a d i  su v r e d n o s t l  d o b i j e n e  k l a s i č n o m  t e -  

o r  i j  o m .
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4.3 PRIMER 2.

R a s e c a n j e m  n o s a č a  sa ( s i . 13)  d u ž p o d u ž n e  i z v o d n i c e  d o -  

b i j a  se  n o s a ć  o t v o r e n o g  p o p r e č n o g  p r e s e k a ,  ( s i . 1 5 ) .

10

■■ . 0 .005 ■ O
t - 0 .100 Ifl

- d

___^------i----- i------1----- ii----- 1------1------1-----  -
22 26 1 5

0 .5 0 0 .50> E=21000 K n /cm
G =10500 K n /cm

2

2

sl  .15

Da bl  d o b l l l  š t o  t a č n i j u  r a s p o d e l u  s m i č u ć i h  n a p o n a  od o -  

g r a n i č e n e  t o r z i j e ,  r a v n o m e r n o  r a s p o r e d j e n i h  po d e b l j l n i  z l da ,  

d u ž  p o p r e č n o g  p r e s e k a  u s v o j e n o  j e  2 6  č v o r n l h  t a č a k a .  I z m e -  

d j u  č v o r n l h  t a č a k a ,  k a o  p o s l e d i c a  u s v o j e n e  p r e t p o s t a v k e  o I I -  

n e a r n o j  p r o m e n i  f u n k c i j e  d e p l a n a c i j e ,  s m i č u ć i  n a p o n i  od o g r a -  

n l č e n e  t o r z i j e  su  k o n s t a n t n ì ,  ! p r e t s t av I j aj  u s r e d n j e  v r e d n o s -  

t i  u o p š t e m  s l u č a j u  n e l i n e a r n e  p r o m e n e .

N o s a č  j e  a p r o k s i m i r a n  sa 16 k o n a č n i h  e l e m e n a t a .  O b r t a -  

n j e  I p o m e r a n j a  k a r ak t e r I s 11 č n i h p o l l g o n a l n i h  t a č a k a  p r e s e k a ,  

na r a s t o j a n j u  z = 3 . 7 5 m  od l e v o g  o s l o n c a ,  p r i k a z a n a  su u t a b e -  

M 2,  za  d e b l j i n u  z i  d o v a  t = 0.  0 0  5 ( L /  G K / E I  = 0 . 1 0  4 ) ,  i u t a -  

b e l i  3,  z a  d e b l j i n u  z i d o v a  1 =0 . 1 0  ( L / g K /  E I  . . . ,= 2.  0 79)  .
J Cu CO

T a b e I a 2 .

P o m e r a n  j a K l a s i č . t e o r . E t e m e n a t  1 E l e m e n a  t I I

d- 0.  1 5 6 7 0.  1 6 5 8 0.  1 5 8 0

0 . 0 1 1 2 5 0 . 0 1 1 2 1 0 . 0 1 0 6 5

w5 . - w22 0 . 0 0 1 6 9 0 . 0 0 1 7 2 0 . 0 0 1 6 4

w w > ~ w ,r - 0 . 0 0 3 9 4 - 0 . 0 0 3 9 6 - 0 . 0 0 3 7 6



74

T abel  a 3 .

Pom e r  art j a Kl  a s i č . t e o r . E l e m e n a  t 1 E l e r n e n  a f  I I

& 0 . 0 0 5 4 - 6 0 . 0 0 5 6 7 0 . 0 0 5 4 9

W 1 ' ~ W 2 6
4 . 0 6 * 1 0 ” 4 3 . 9 6 * 1 0 ” * 3 . 6 2 * 1 0 ” 4

WS>” ™22 6 . 0 9 *  10~s 6.  15 *  10” s 5 . 9 3 *  10” 5

o
1

JS N

-1.  4 2 *  10” * - 1 . 4 0 *  10” 4 - 1 . 3 5 * 1 0 ~4

R a s p o d e l a  s m i č u ć i h  i n o r m a l n i h  n a p o n a ,  u p o s m a t r a n o m  

p r e s e k u ,  p r i k a z a n a  Je na ( s i . 1 6 ) .  G o r n j e  v r e d n o s t i  o d n o s e  se 

na e l e m e n a t  I ,  d o n j e  na e l e m e n a t  I I ,  d o k  su u z a g r a d i  v r e d ­

n o s t i  d o b l j e n e  k l a s i č n o m  t e o r i j o m .

O [ M P a .]  Tu [ M P a ]

O [ M P a ]  Хш [ М Р а ]

9.49io.ee
( 8 . 52 )

Si .16
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P o s m a t r a  se n o s a č ,  o p t e r e ć e n  ko n ce nt  r i s an i m m o m e n t o m  

t o r z i j e  k o j i  d e l u j e  u s r e d i n l  r a s p o n a ,  i s t o  k a o  u p r e d h o d n o m  

p r l m e r u , [ - p o p r e č n o g  p r e s e k a .  N o s a d  j e  z a m e n j e n  sa  16 k o -  

n a č n i h  e l e m e n a t a  I. D u ž  s t r a n i c a  p o p r e č n o g  p r e s e k a  u s v o j e -  

no j e  18 č v o r n i h  t a č a k a  u k o j i m a  se t r a ž e  p o m e r a n j a  i z a z v a -  

n a d e p l a n a c i j o m ,  ( s I . 1 7 ) . Ka o  S t o  j e  v e ć  r e č e n o ,  v e d i  b r o j  č v o -  

r n i h  t a č a k a  d a j e  t a č n i j u  r a s p o d e l u  s m i č u ć i h  n a p o n a  d u ž  p r e ­

s e k a .

4. 4  PRIMER 3.

1.00

sl  .17

V r e d n o s t i  za  o b r t a n j e  ì p o m e r a n j a  k a r a k t e r i s 11 č n I h t a č a -  

ka  p o p r e č n o g  p r e s e k a ,  na r a s t o j a n j u  z = 3 . 7 5 m  od l e v o g  o s l o n -  

c a ,  d a t a  su u t a b e l i  4 .

T a b e I a 4 .

P o m e r a n j a Kl  as  i č . t e o r . E ! e m e n a t 1

8- 1 . 971 1 . 9 7 9

0 . 0  4-4-268 0 . 0 4 4 2 6 5

• -  w ,s - 0 . 0 2 6 5 6 0 - 0 . 0 2 6 5 5 5

R a s p o d e l a  n o r m a l n i h  i s m i d u d i h  n a p o n a  u d a t o m  p r e s e k u  

p r i k a z a n a  j e  na ( sI . 1 8 ) .  U z a g r a d l  su o d g o v a r a j u d e  v r e d n o s t i  

p r e m a  k l a s i d n o j  t e o r î j i .
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O [ M P a ]  Тш [ M P a ]

260  .0 
( 2 6 6 . 5 )

5838
( 63 69 )

si  . 18

4 . 5  PRIMER 4 .

N o s a č i  m o g u b i t i  k o m b i n o v a n i  od e l e m e n a t a  o t v o r e n o g  

z a t v o r e n o g  p r e s e k a ,  St o  j e  i g l a v n a  p r e d n o s t  u o d n o s u  na k l a  

s i č n u  t e o r i j u .  Na  C s 1.19 ) p r i k a z a n a  su  t r i  j e d n o s t a v n a  p r i m e  

r a  s a  o d g o v a r a j u ć i m  u g l o v i m a  o b r t a n j a  s r e d i š n j e g  p r e s e k a .

, M = 1 0 0 M p m

/ \ --------------- _ Z \

L 2.5 5 .0 L____ 2.5 '  L
-%------- ---------7 1

a = 0.01957

& -  0.09829

$ -  0.49870
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Na ( s i . 2 0 )  p r i k a z a n a  j e  p r o s t o r n a  k o n s t r u k c i j a  u o b l i k u  

p l i t k e  k u p o l e ,  f o r m i r a . n e  od 2 4  m e d j u s o b n o  k r u t o  v e z a n a  š t a -  

pa ,  p u n o g  p o p r e č n o g  p r e s e k a .  S v a k i  š t a p  z a m e n j e n  j e  sa  t r i  

k o n a č n a  e l e m e n t a .  K u p o l a  j e  u t e m e n u  o p t e r e ć e n a  v e r t i k a l n o m  

k o n c e n t r i s a n o m  s i l o m  P.

P r i m e r  j e  i z a b r a n  k a o  i l u s t r a c i j a  g e o m e t r i j s k i  n e l i n e a r -  

nog  p o n a š a n j a  k o n s t r u k c i j a .

4.6 PRIMER 5.

Na ( s i . 21)  p r i k a z a n o  j e  v e r t i k a l n o  p o m e r a n j e  t e m e n e  t a č -  

ke k u p o l e  u f u n k c i j i  o p t e r e ć e n j a .  P r i m e n  j e n a  j e  C r i s f i e l d o v a  

m e t o d a  sa  p o č e t n i m  i n k r e m e n t o m  o p t e r e ć e n j a  A P = 1 0 0 K N . Z a  

s v a k i  k o r a k  o p t e r e ć e n j a  p o t r e b n o  j e  u p r o s e k u  t r i  i t e r a c i j e ,



78

p r i  u s v o j e n o m  k r i t e r i j u m u  k o n v e r g e n c i j e  e t o i  = 10~4 i r t o l  = 1 0 ' 4 . 

Na  i s t o j  s i i c i  i s p r e k i d a n o m  l i n i j o m  o z n a č e n e  su k r i v e  k o j e  su 

d o b i l i  J .  M e e k  i H.  T a n ,  C2 7 ] .

U s l u č a j u  k v a d r a t n o g  p o p r e č n o g  p r e s e k a  S t a p o v a r a v n o -  

t e ž n a  k r i v a  j e  s t a b i l n a  u c e l o m  o p s e g u  o p t e r e ć e n j a .  S m a n j e -  

n j e m  v e r t i k a l n e  k r u t o s t i  p o p r e č n i h  p r e s e k a ,  z a d r ž a v a j u ć i  p r i  

t o m e  i s t u  v r e d n o s t  z a  p o v r š i n u ,  r a v n o t e ž n a  k r i v a ,  St o  j e  u o č -  

I j i v o  sa  s l i k e ,  p o s t a j e  i z r a z i t o  n e l i n e a r n a .  D o s t i z a n j e m  g r a -  

n i č n e  t a č k e  k o n s t r u k c i j a  g u b i  s t a b i l n o s t .  I z a  g r a n i č n e  t a č k e  

d e f o r m a c i j e  s e  o d v i j a j u  b e z  p r i r a š t a j a  o p t e r e ć e n j a ,  da  bi  p o -  

s l e  d o n j e  g r a n i č n e  t a č k e  d o š l o  p o n o v o  do  ” o j a č a n j a "  k o n s t r u k -  

c i j e .
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Na ( s i . 2 2 )  p r i k a z a n a  su p o m e r a n j a ,  v e r t i k a l n o  i h o r i z o n -  

t a I no , č v o r a  2 k u p o l e .

si  . 2 2

4 . 7  PRIMER 6.

Z X  Z \

, 64-Ocm-7

4 5 6

E = 3 0 0 0 0  K N / c m 2 

G = 9 9 4 - 5  K N / c m 2

si  . 2 3
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R a z m a t r a j u  se d v a  j e d n o s t a v n a  p r i m e r a ,  t o r z i o n e  i b o č -  

ne s t a b i l n o s t i ,  t a n k o z i d n o g  n o s a č a  v i l j u š k a s t o  o s l o n j e n o g  na 

k r a j e v i m a ,  ( s i . 2 3 ) .  U o b a  s l u č a j a  n o s a č  j e  a p r o k s i m i r a n  j e d -  

n i m k o n a č n i m  e l e m e n t o m .

a) T o r z i o n a  s t a b i l n o s t

P
AW„ * * 2 A Wj3

P
-

si  . 2 4

U s l u č a j u  t o r z i o n e  s t a b i l n o s t i  a k s i j a l n o  o p t e r e ć e n o g  e i e -  

m e n t a ,  ( s i . 2 4 ) ,  a i m a j u ć i  u v i d u  da j e  A w j3 =  -  A w h  U  = 1 , 2 , . . . 6 ) ,  

a w u = -  A w 3l  = -  a w ^ ^  A w et  i a w 2J= a w 5I = o , za  l i n e a r n u  i g e o m e t r i j -  

s k u  m a t r i c u  k r u t o s t i  d o b i j a  s e :

K ,

T L e I >>

AW u

13 G ( I x O \ r  l y a ' J

3 G ( I x 0 1l y~ I y n \ J  L
i  E I n ’ a '

6 G ( I o \ xo \ x + I o \ yo \ y )
A  W 11

A8„ A W i l

* n l  = - P

16
3L F  '  ±x x  T xyy  *

LF P n ’ n ' A W 11

gd e  j e  z a  d a t i  I  n o s a č :

F = 3 0 . 6 2 5 c m 2 
I x x  =  8 5 . 5 0 5 c m 4 

I yy  = 7 9 3 9 . 1 c m 4 
I h = 6 0 9 0 . 0 c m 4

P n ’ n '

^ x O ’.y ~ РуП '-х ~

I o \ xa '.x + I c i,.y a \ y =

1 . 3 3 3 c m 2 
- 1 9 . 5  cm 2 
0 . 2 5 0
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P o l a z e ć i  od  u s l o v a  s t a b i l n o s t i :

/  K L * K N L /  = 0

za k r i t i č n u  s i l u  i z v i j a n j a  d o b i j a  s e :

P = 3 3 6 . 5 K N

š t o  se u o d n o s u  na v r e d n o s t  d o b l j e n u  p r e m a  k l a s i č n o j  t e o r i j i  

t a n k o z i d n i h  n o s a č a :

P = f ( G l t + J J  E l  i  = 3 1 8 . OKN  
1 o L

r a z l i k u j e  z a  5 . 8 % .  

b) B o č n a  s t a b i l n o s t

A w h ' A(Py, Д $ 2 , л и 2 A w i3 , A ( p y 3

M C z S  ' Z

si  . 2 5

E l e m e n a t  j e  o p t e r e ć e n  k o n c e n t r ì s a n i m  m o m e n t i m a  M na 

k r a j e v i m a ,  ( s l . 2 5 ) .  P r i  s l m e t r i č n o j  f o r m i  i z v i j a n j a  i m a m o  da 

j e  A W j3 = - A W j1 ( i = 1 , 2 ____6 ) ,  A W n  =  - A W 3l  =  - A W 4 1 = A W e l , A УУ£Ј = Л  W5f = 0

1 A K i

1II pa se za  l ì n e a r n u i g e o m e t r i j s k u  m a t r i c u  k r u t o

s t i  d o b i j a :

AU2 A K< A W „

16 CF
3 L GF 0 - § G F 0

“ l =

0 ÿ t G I h 0 ~3~ G ( I x f i t  -  I  )
^  * y *x

- § G F 0 r E I x x 0

- Г  E I * a <

' k G S n ' . ,

2 p T
L E I n , o '

k  G ( I n ,.x n ' . x + I n \ y o ,.y )
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a u 2 л ф у1 A W i

0
16
3L 0 0

16
3L 0 0 0

0 0 0 0

0 0 0 0

gd e  j e :

I x 0 i = - 5 . 3 3 3 c m 3 

S a  i = - 1 . 0  c m

K o r i s t e ć i  u s l o v  s t a b i l n o s t i  za  k r i t i č n i  m o m e n t  I z v i j a n j a  d o b i j a  

s e :

M = 2 2 4 9 . 2 K N c m

U o d n o s u  na v r e d n o s t  k r i t l č n o g  m o m e n t a  d o b l j e n u  k l a s i č n o m  

t e o r i j o m  :

M f /^ E I X X ( G I ,  * E l , 71 2 2 6 9 . 5 K N c m

r a z l i k a  j e  0 . 9 0 % .
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s. z a k l j u Ca k

D o b l j e n i  r e z u l t a t l ,  k a o  St o  se i z  u r a d j e n i h  p r i m e r a  v i d i ,  

v e o m a  se  d o b r o  s l a ž u  sa  r e z u l t a t i m a  t e h n i d k e  t e o r i j e  t a n k o -  

z i d n i h  n o s a č a .  N e š t o  v e d e  r a z l i k e  j a v l j a j u  se  k o d  e l e m e n a t a  

o t v o r e n o g  p o p r e d n o g  p r e s e k a .  To  j e  i r a z u m l j i v o ,  s o b z i r o m  

da se u r a d u ,  z a  r a z l i k u  od t e h n l d k e  t e o r i j e  t a n k o z i d n i h  S t a -  

pova ,  ne z a n e m a r u j e  d e f o r m a c i  j a  k l i z a n j a  u s r e d n j o j  p o v r š i n i  

S t a p a ,  pa su d o b i j e n i  r e z u l t a t i  t a č n i j i .

U z a k l j u č k u  m o ž e m o  k o n s t a t o v a t i  da  p r e d l o ž e n a  f u n k c i j a  

d e p l a n a c i j e  i k o n a d n i  e l e m e n t i  k o j i  su na o s n o v u  n j e  d e f i n i s a n i  

o m o g u d a v a j u  s l e d e d e :

— a n a l i z u  k o n s t r u k c i j a  k o m b i n o v a n i h  od e l e m e n a t a  o t v o r e ­

nog  i z a t v o r e n o g  p o p r e d n o g  p r e s e k a

— d o b i j a n j e  s m i d u d i h  n a p o n a  od o g r a n i d e n e  t o r z i j e  d i r e k t -  

no i z o d g o v a r a j u d i h  d e f o r m a c i  j a  k l i z a n j a

— p o s t o  o t p a d a  p o t r e b a  za o d r e d j i v a n j e m  c e n t r a  s m i c a n j a  

i s e k t o r s k e  k o o r d i n a t e ,  sve  r e l e v a n t n e  v e l i d i n e  l a k o  se 

m o g u  s r a d u n a t i  i z k o o r d i n a t a  d v o r n i h  t a d a k a  p o l i g o n a l -  

nog  p r e s e k a  i d e b l j i n e  z i d o v a .
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6 .  P R I L O G

6.Î OPIS ULAZNIH P ODATAKA ZA PROGRAM T E Z O P

A K A R T I C A  Z A  Z A G L A V L J E  ( 2 0 A 4 )

K o l o n e  1 - 5  T e k s t  ( H E D )

B K O N T R O L N A  K A R T I C A  1 ( 1 2 15 )  

K o l o n e  1 - 5  T i p  e l e m e n t a  ( I E L E )

1 E l e m e n a t  I

2 E l e m e n a t  II

6 - 1 0  V r s t a  a n a l i z e  ( K L I N )

0 L i n e a r n a

1 N e l i n e a r n a

1 1 - 1 5  B r o j  č v o r o v a  ( N U M N P )

1 6 - 2 0  B r o j  o s l o n a č k i h  č v o r o v a  ( N B O U N )

2 1 - 2 5  B r o j  e l e m e n a t a  ( N U M E )

2 6 - 3 0  B r o j  g r u p a  e l e m e n a t a  ( N U M M A T )  i s t i h  k a r a k -  
t e r I s t i k a

3 1 - 3 5  S t e p e n  i z v r š e n j a  ( M O D E X )

0 S t a m p a n j e  u l a z n i h  p o d a t a k a

1 I z v r S e n j e  p r o g r a m a

3 6 -  40  B r o j  t a b e l a  sa  i n t eg r a c i o n i m t a č k a m a  z a  k o -  
j e  se  š t a m p a j u  na p o n i  ( N T A B L E )

4 1 - 4 5  M a k s i m a l a n  b r o j  t a č a k a  u t a b e l i  ( J T A B L E )

4 6 - 5 0  B r o j  g r u p a  s a  č v o r o v i m a  za k o j e  se  S t a m p a -  
j u p o m e r a n j a  ( NP B )

NPB = 0 S t a m p  a j u  se p o m e r a n j a  s v i h  č v o r o v a

5 1 - 5 5  B r o j  i n t e g r a c i o n i h  t a č a k a  u z - p r a v c u  ( I N T Z )  
M a k s i m a l a n  b r o j  j e  7

5 6 - 6 0  B r o j  i n t e g r a c i o n i h  t a č a k a  u s - p r a v c u  ( I N T S )  
M a k s i m a l a n  b r o j  j e  7
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C Č V O R O V I  Z A  KOJ E SE Š T A M P A J U  P O M E R A N J A  ( 215)

A k o  j e  NPB = 0 k a r t l c e  se ne u n o s e .  U s u p r o t n o m ,  u č i t a -  

va se NPB k a r t i c a .

K o l o n e  1 - 5  P r v i  č v o r  u n i z u

6 - 1 0  P o s l e d n j i  č v o r  u n i z u

D K O N T R O L N A  K A R T I C A  2 ( 4 1 5 ,  3 F 1 0 . 0 ,  15)

K o l o n e  1 - 5  M e t o d  p r o r a č u n a

1 N e w t o n - R a p h s o n

2 C r I s f  i e I d

6 - 1 0  B r o j  I n k r e m e n a t a  o p t e r e ć e n j a  

1 1 - 1 5  I n t e r v a l  ë t a m p a n j a  r e z u l t a t a  

1 6 - 2 0  D o z v o l j e n i  b r o j  i t e r a c i j a  

2 1 - 3 0  U s l o v  k o n V e r g e n c I j e po p o m e r a n j i m a  

3 1 - 4 0  U s l o v  k o n v e r g e n c i j e  po s i l a m a  

4 1 - 5 0  R e f e r e n t n o  o p t e r e ć e n j e  p r i  k o n v e r g e n c i j i

5 1 - 5 5  M a k s l m a l n o  d o z v o l j e n i  b r o j  p o d i n k r e m e n a t a

E BROJ  S T E P E N I  S L O B O D E  P O M E R A N J A  Č V O R O V A  ( 4 1 5 )  

K o l o n e  1 - 5  B r o j  č v o r a

6 - 1 0  B r o j  s t e p e n i  s l o b o d e  p o m e r a n j a  

1 1 - 1 6  B r o j  ( KN)  za  a u t o m a t s k u  g e n e r a c i j u  p o d a t a k a  

KN = 0 ,  b e z  a u t o m a t s k e  g e n e r a c i  j e  p o d a t a k a  

1 6 - 2 0  P o s l e d n j i  č v o r  u n i z u  ( s a m o  a k o  j e  K N = 0 ) 

B r o j  s t e p e n i  s l o b o d e  z a d a j e  se za  s v a k i  č v o r .  Na j e d n o j  

k a r t i c i  m o g u  b i t i  p o d a c i  o s a m o  j e d n o m  č v o r u ,  i l i ,  a k o  se k o -  

r i s t i  b r o j  z a  a u t o m a t s k u  g e n e r a c i j u  p o d a t a k a ,  o v i š e  č v o r o v a .  

N, ,  N, + 1 *  K N , N, + 2 * K N , ..........  N2

g d e  j e  N, p r v i  č v o r  u n i z u ,  a N2 p o s l e d n j i  č v o r  u n i z u .  Na p o ­

s t e d  n j o j  k a r t i c i  m o r a  se  n a i a z i t i  p o s l e d n j i  č v o r  k o n s t r u k c i j e .

F K O O R D I N A T E  C V O R O V A  (15,  3 F 1 0 . 0 ,  15)

K o l o n e  1 - 5  B r o j  č v o r a

6 - 1 5  X - k o o r d î n a t a  

1 6 - 2 5  Y - k o o r d i n a t a  

2 6 - 3 5  Z - k o o r d i n a t a

3 6 - 4 0  B r o j  ( KN)  za  a u t o m a t s k u  g e n e r a c i j u  p o d a t a k a
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Na JednoJ k a r t i c i  n a l a z e  se k o o r d i n a t e  s a m o  J e d n o g  č v o -  

r a ,  i l ! ,  a k o  se k o r i s t i  b r o j  za  a u t o m a t s k u  g e n e r a c i j u  p o d a t a -  

ka  ( K N ) ,  k o o r d i n a t e  v i š e  č v o r o v a .  B r o j  KN g e n e r i š e  p o d a t k e  

za  g r u p u  č v o r o v a  k o j i  se  n a l a z e  na j e d n a k i m  r a s t o j a n j i m a  d u ž  

p r a v e  l i n i j e :

N, ,  N, + 1 *  KN , N, + 2 * K N , ..........  N2

gde  s u ,  p o d a c i  za  p r v i  č v o r  u n i z u  N, i z a d n j i  č v o r  u n i z u  N2 

d a t i  na dve u z a s t o p n e  k a r t i c e .  P o s l e d n j a  k a r t i c a  m o r a  s a d r -  

ž a t i  p o d a t k e  o p o s l e d n j e m  č v o r u  u k on s t r u k c i j I .

G G R A N I Č N I  U S L O V I  ( 1615 )

P o d a c i  o j e d n o m  č v o r u  d a t i  su na j e d n o j  i l i  v i š e  k a r t i c a ,  

u z a v i s n o s t l  od b r o j a  s t e p e n i  s l o b o d e  p o m e r a n j a .  O v a k v i h  g r u -  

pa k a r t i c a  i ma  k o l i k o  i o s l o n a č k i h  č v o r o v a  ( N B O U N ) .

Koi  one 1 - 5  

6 - 1 0  
1 1 - 1 5  

1 6 - 2 0  

2 1 - 2 5  

2 6 - 3 0  

31 - 3 5  

3 6 - 4 0  

41 - 45

B r oj  č v o r  a

P o m e r a n j e  u p r a v c u  X 

P o m e r a n j e  u p r a v c u  Y 

P o m e r a n j e  u p r a v c u  Z 

O b r t a n j e  o k o  o s e  X 

O b r t a n j e  o k o  o s e  Y 

O b r t a n j e  o k o  o s e  Z

D e p l a n a c i j a  č v o r n e  t a č k e  1 p r e s e k a  

D e p l a n a c i j a  č v o r n e  t a č k e  2 p r e s e k a

D e p l a n a c i j a  č v o r n e  t a č k e  N p r e s e k a

0 S l o b o d n o  p o m e r a n j e

1 S p r e č e n o  p o m e r a n j e

H BROJ O P T E R E Ć E N J A  (15)

K o l o n e  1 - 5  B r o j  k o n c e n t r i s a n i h  o p t e r e ć e n j a

I P O D A C I  0  O P T E R E Ć E N J U  ( 2 1 5 ,  F 1 0 . 0 )

B r o j  k a r t i c a  j e d n a k  Je b r o j u  k o n c e n t r i s a n i h  o p t e r e ć e n j a ,  

k o j i  j e  z a d a t  na p r e t h o d n o j  k a r t i c i .

K o l o n e  1 - 5  C v o r  na k o j i  d e l u j e  o p t e r e ć e n j e

6 - 1 0  B r o j  s t e p e n i  s l o b o d e  k o j i  o d g o v a r a  p o s m a t -  
r a n o j  g e n e r a l i s a n o  j s i l i .
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1 S i l a  u p r a v c u  X - o s e

2 S 11 a u p r a v c u  Y - o s e

3 S i t a  u p r a v c u  Z - o s e  

4- M o m e n a t  o k o  X - o s e

5 M o m e n a t  o k o  Y - o s e

6 M o m e n a t  o k o  Z - o s e

7 B l m o m e n a t  za  č v o r n u  t a č k u  1 p r e s e k a

8 B l m o m e n a t  za  č v o r n u  t a č k u  2 p r e s e k a

N + 6  B i m o m e n a t  za č v o r n u  t a č k u  N p r e s e k a

J K A R A K T E R I S T I K E  M A T E R I J A L A  I P R E S E K A  ( 2 F 1 0 . 0 ,  215)

B r o j  k a r t i c a  j e d n a k  j e  b r o j u  g r u p a  e l e m e n a t a  I s t i h  k a r a k -  

t e r i s t i k a  ( N U M M A T ) .

K o l o n e  1 - 1 0  M o d u l  e l a s t l č n o s t l

1 1 - 2 0  P o i s s o n o v  k o e f i c i j e n t

2 1 - 2 5  B r o j  č v o r n i h  t a č a k a  p r e s e k a

2 6 - 3 0  B r o j  s t r a n i c a  k o n t u r e  p r e s e k a

K P O D A C I  0  P O P R E Č N I M  P R E S E C I M A  E L E M E N A T A

S l e d e ć i  n i z  k a r t i c a  p o n a v l j a  se z a  s v a k u  g r u p u  e l e m e n a ­

t a  i s t l h  k a r  a k t e r  I s t i k  a , č i j i  j e  b r o j  d e f t n i s a n  na p r v o j  k o n t -  

r o l n o j  k a r t l c l .

К1 K O O R D I N A T E  S I S T E M N E  T A Č K E  P R E S E K A  ( 2 F 1 0 . 0 )

K o l o n e  1 - 1 0  x - k o o r d i n a t a  

1 1 - 2 0  y - k o o r d l n a t a

K2 K O O R D I N A T E  Č V O R N I H  T A Č A K A  P R E S E K A  ( 2 F 1 0 . 0 )

J e d n a  k a r t i c a  po č v o r u  u r a s t u ć e m  n l z u ,  p o l a z e ć i  od p r -  

ve č v o r n e  t a č k e .

K o l o n e  1 - 1 0  x - k o o r d i n a t a  

1 1 - 2 0  y - k o o r d i n a t a

КЗ P O D A C I  O S T R A N I C A M A  K O N T U R E  P R E S E K A  ( 2 1 5 ,  F 1 0 . 0 )

J e d n a  k a r t i c a  po s v a k o j  k o n t u r n o j  s t r a n i c i ,  u r a s t u ć e m  

n i z u ,  p o l a z e ć l  od  p r v e .
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K o l o n e  1 - 5  В г о ј  č v o r a  na  j e d n o m  k r a j u  s t r a n i c e  

6 - 1 0  Вг оЈ č v o r a  na d r u g o m  k r a j u  s t r a n i c e  

1 1 - 2 0  D e b l j i n a  s t r a n i c e

O b a v e z n o  se m o r a  p r v o  u n e t i  č v o r  sa m a n j i m  r e d n i m  b r o -

j e m .

L N A P O N S K E  T A B E L E

Ove k a r t i c e  se  i z o s t a v l j a j u  a k o  j e  b r o j  t a b e i a  sa  i n t e g -  

r a c i o n i m  t a č k a m a  za  k o j e  se  š t a m p a j u  n a p o n i  j e d n a k i  n u l i .  U 

s u p r o t n o m ,  u č i t a v a  se N T A B L E  g r u p a  k a r t l c a .  S v a k a  o v a  g r u -  

pa d e f i n i š e  j e d n u  t a b e l u  i ne m o ž e  i m a t i  v i Se  od J T A B L E  u l a -  

z a .  N - t a  g r u p a  k a r t i c a  d e f i n i t e  N - t u  n a p o n s k u  t a b e l u ,  k a k o  

s i e d i :

L1 KART  IC A 1 ( 1615)

K o l o n e  1 - 5  1. i n t e g r a c i o n a  t a č k a

6 - 1 0  2.  i n t e g r a c i o n a  t a č k a

7 6 - 8 0  16.  i n t e g r a c i o n a  t a č k a

L2 K A R T  I C A 2 ( 1615 )  ( A k o  j e  p o t r e b n a )  

K o l o n e  1 - 5  17.  i n t e g r a c i o n a  t a č k a

6 - 1 0  18.  i n t e g r a c i o n a  t a č k a

J T A B L E .  i n t e g r a c i o n a  t a č k a

S v a k a  i n t e g r a c i o n a  t a č k a  i d e n t i f i k u j e  se  j e d n i m  p e t o c i f -  

r e n i m  b r o j e m .  P r v a  c i f r a  b r o j a  o d r e d j u j e  p o l o ž a j  i n t e g r a c i o n e  

t a č k e  u z - p r a v c u .  D r u g e  d v e  c i f r e  o d r e d j u j u  s t r a n i c u  p o l i g o -  

n a l n o g  p r e s e k a .  Č e t v r t a  c i f r a  o d r e d j u j e  p o l o ž a j  i n t e g r a c i o n e  

t a č k e  u s - p r a v c u , a p e t a  u e - p r a v c u  ( m a k s i m a l n o  3 t a č k e  po 

d e b l j i n i  s t r a n i c e ) .

M P O D A C I  O E L E M E N T I M A

K ar  ak t e r i s t i k e s v i h  e l e m e n a t a  m o r a j u  b i t i  u n e t e  i t i  g e n e ­

r i s a n e  u r a s t u ć e m  n i z u ,  p o l a z e ć i  od p r v o g  e l e m e n t a .  P o d a c i  

o j e d n o m  e l e m e n t u  i l l  g r u p i  e l e m e n a t a ,  k a d a  j e  KG >1,  d a t i  su 

na dve  i l i  v i š e  k a r t i c a .
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M1 K A R T I C A  1 ( 715)

K o l o n e  1 - 5  B r o j  e l e m e n t a

6 - 1 0  B r o j  č v o r a  na j e d n o m  k r a j u  e l e m e n t a  

1 1 - 1 5  B r o j  č v o r a  na d r u g o m  k r a j u  e l e m e n t a  

1 6 - 2 0  B r o j  č v o r a  k o j l  o d r e d j u j e  yz  r a v a n

2 1 - 2 5  B r o j  k o j l  o d r e d j u j e  g r u p u  e l e m e n a t a  i s t i h  k a -  
r a k t e r l s t i k a ,  k o j o j  p o s m a t r a n i  e l e m e n a t  p r Î - 
p ad a

2 6 - 3 0  B r o j  n a p o n s k e  t a b e l e  IS k o j a  će  se  k o r i s t i -  
t i  p r i  S t a m p a n j u  n a p o n a

I S = 0 n e m a  S t a m p a  nj  a za  o v a j  e l e m e n a t  

31 - 3 5  B r o j  ( KG)  za  a u t o m a t s k u  g e n e r a c i j u  p o d a t a k a  

Ka d a  se k o r i s t i  a u t o m a t s k a  g e n e r a c l j a  p o d a t a k a  b r o j  ev i  

k r a j n j i h  č v o r o v a ,  s u k c e s i v n i h  e l e m e n a t a  u g r u p i ,  u v e č a v a j u  se 

za KG.  P r i  t o m e  s u ,  b r o j  č v o r a  k o j i  o d r e d j u j e  y z - r a v a n ,  b r o j  

g r u p e  e l e m e n a t a  i s t i h  k a r a k t e r i s t i k a ,  b r o j  n a p o n s k e  t a b e l e  i 

p o d a c i  sa  s l e d e ć e  k a r t i c e ,  i s t i  za  sve  e l e m e n t e  u g r u p i .  P o -  

d a c i  za  p o s l e d n j i  e l e m e n a t  m o r a j u  se o b a v e z n o  u n e t i .

M2 K A R T I C A  2 ( 1615 )

K o l o n e  1 - 5  G l o b a l n i  s t e p e n  s l o b o d e  1. č v o r a  p o p r e č n o g  
p r e s e k a  na k r a j u  1 e l e m e n t a

6 - 1 0  G l o b a l n i  s t e p e n  s l o b o d e  2.  č v o r a  p o p r e č n o g  
p r e s e k a  na k r a j u  1 e l e m e n t a

G l o b a l n i  s t e p e n  s l o b o d e  N.  č v o r a  p o p r e č n o g  
p r e s e k a  na k r a j u  1 e l e m e n t a

G l o b a l n i  s t e p e n  s l o b o d e  1. č v o r a  p o p r e č n o g  
p r e s e k a  na k r a j u  2 e l e m e n t a

G l o b a l n i  s t e p e n  s l o b o d e  2.  č v o r a  p o p r e č n o g  
p r e s e k a  na k r a j u  2 e l e m e n t a

........  G l o b a l n i  s t e p e n  s l o b o d e  N.  č v o r a  p o p r e č n o g
p r e s e k a  na k r a j u  2 e l e m e n t a

Ak o  g o r n j i  p o d a c i  ne mo g u  da  s t a n u  na j e d n u  k a r t i c u  u - 

v o d i  se  n o v a .
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6 . 2  LISTING PROGRAMA T E Z O P



L I S T I N O  1

I M P L I C I T  R EA L * 8  ( A - H , 0 - Z )
CHARACTER* 4  H E D ( 2 0 )
COMMON / V A R /  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , K K S T E P
COMMON / S O L /  N U M N P , NB O U N , N E Q , MA X E S T , N W K , MK , N S T E , I E L E
COMMON / D I M /  N 1 , N 2 , N 3 , N 4 , N 5 , N 6 ,  N 7 ,  N 8 , N 9 , N 1 0 , N 1 1 , N 1 2 , N 1 3 , N 1 4 , N 1 3 6
COMMON / E L /  I N D , I C O U N T ,NUMMAT, MTOT, I  TWO, N U M E , N U M I , N U M 2 , NUM3 , K L I N
COMMON / S T N L /  X L T , Z O L , SO L , FA C , PF AC, I N T Z , I NTS
COMMON / T A B L E /  N T A B L E , JTABLE
COMMON / NORMS/  RNORM, RENORM, R T O L , D T O L , ETOL
COMMON / E Q I T /  N L S T P D , I S D V G , I T E D I V , NLSTEP
COMMON / K M C /  K M, I D W A , KMM, KAS
COMMON / PRCON/  I P N O D E ( 2 , 8 ) , NPB
COMMON / C R I S /  D P , DPSUM, D P O , D L , D E T E R , NRORC, A 1 , A 4 , W C 1 , WC2 , K L K R , NPP 
DI MENSI ON I H O U R S ( 2 ) , M I N S ( 2 ) , 1  SECS( 2 ) , I H U N D S ( 2 )
REAL A
I NTEGER I A ( 1 )
COMMON A ( 1 0 0 0 0 )
EQUI VALENCE ( A ( 1 ) , I A ( 1 ) )
MTOT" 1 0 0 0 0  
I  TWO"2 
I R E F  * 0  
K P R I " 1 
I P R I - 1  
KSTEP"0  
K K S T E P " 1 
I C O U N T - 2  
NLSTPD=0  
D P O " 1 . 0  
NRORC"1 
KLKR»1 
D P S U M - 0 . 0 
WC1- 0 . 0  
I ND ' 0
OPEN ( 1 , FORM- ' UNFORMATTED' )
OPEN ( 2 , F I L E - ' E N T E R ' )
OPEN ( 3 , F I L E - ' P R N : ' , S T A T U S - ' N E W ' )
OPEN ( 5 ,  F O R M - ' U N F O R M A T T E D ' )
OPEN ( 8 , F O R M - ' U N F O R M A T T E D ' )
CALL T I ME ( I H O U R S ( l ) , M I N S ( l ) , I S E C S ( 1 ) , I H U N D S ( 1 ) )
READ( 2 , 1 0 0 0 )  H E D , I E L E , K L I N , N U M N P , N B O U N , NUME, NUMMAT, MODEX, NTABLE, TT 

1 A B L E , N P B , I N T Z , I N T S
W R I T E ( 3 , 2 0 0 0 )  H E D , I E L E , K L I N , N U M N P  , NBOUN, NUME, NUMMAT, MODEX, N T A B L E , J  

1 T A B L E , N P B , I N T Z , I N T S  
I F  ( N P B . E Q . 0 )  GOTO 3
READ ( 2 , 1 0 2 0 )  ( ( I P N O D E C I  , J ) , 1 »  1 , 2 )  , J - l , N P B )
GOTO 4

3 I P N O D E ( 1 , 1 ) -  1
I P N O D E ( 2 , 1 ) -NUMNP  
NPB-  1

4 I F  ( K L I N . E Q . 0 )  GOTO 5
READ ( 2 , 1 0 0 5 )  N R O R C , N S T E , I P R I , I T EMA X, D T O L , R T O L , R N O R M, NL S T PD  
I F  ( I T E M A X . E Q . 0 )  I T E M A X - 15 
I F  ( D T O L . E O . 0 . 0 )  D T O L - 0 . 0 1  
I F  ( R T O L . E Q . 0 . 0 )  R T O L - 0 . 0 1  
E T O L - 1 0 . 0 * R T O L * D T O L
WRI TE ( 3 , 2 0 0 3 )  N R O R C , N S T E , I P R I , I T EMA X, D T OL , R T OL , R N OR M, NL S T PD

5 N 1 - 1
N2-N1+NUMNP
CALL PRI PP ( A ( N 1 ) , NUMNP, KM)
N 3 " N 2 +NUMNP*KM 
N 4 - N 3  + NUMNP*I TWO  
N 6 = N 4 +NUMNP«ITWO 
N 6 - N 5 + NUMN P * ITWO
I F ( N 6 . G T . MTOT) CALL ERROR ( N 6 - MTOT)
CALL I NPUT ( A ( N 1 ) , A ( N 2 ) , A ( N 3 ) , A ( N 4 ) , A ( N 5 ) , KM)
N7=N6+NEQ* I TWO  
W R I T E ( 3 , 2 0 0 5 )
READ( 2 , 1 0 1 0 )  NLOAD
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W R I T E ( 3 , 2 0 1 0  ) N LOAD 
N 8 ' N T ♦ NLOAD 
N9' N8+NLOAD  
N 1 0 ' N 9 + N  LOAD * ITWO
I F ( N 1 0 . G T . MTOT) CALL ERROR ( N 1 0 - M T O T )
CALL LOADS ( A ( N 6 ) , A ( N T ) , A ( N 8 ) , A ( N 9 ) , A ( N 2 ) , NLOAD, KM) 
N N= N6+ NEQ- 1 
DO 6 I ' N 6 , N N  

6 I A ( I ) ' 0  
NT' N6+ NEQ  
N8 ' N T  +NUMMAT 
N 9 = N 8 +NUMMAT 
N10 " N 9  + NUMMAT 
N 1 1 -N 10+NUMMAT 
N12 = N1 1 +NUMMAT 
N13 = N 12 + NUUMAT* ITWO  
N 14 ' N 13 +NUMMAT*ITWO
CALL ELCAL ( A ( N T ) , A ( N 8 ) , A ( N 9 ) , A ( N 1 0 ) , A (N 1 1 ) , A (N 1 2 ) , A ( N 1 3 ) )  
CALL ADDRES ( A ( N 1 ) , A ( N 6 ) )
MM'NWK/NEQ
W R I T E ( 3 , 2 0 1 5 )  NEQ, NWK, MK, MM  
I F  ( M O D E X . E Q . 0 )  GOTO 125  

30  KAS' 2  *KM♦5
I F  ( I E L E . E 0 . 2 )  KAS «2 *KM 
I ND = 1
N2 = N1 + NEQ + 1
N 3 = N 2 +NEQ* ITWO
N 3 A = N 3 +NEQ* ITWO
I F  ( N E Q * I T W O . L T . K M )  N 3 A ' N 3 +KM
N4 = N3A + NEQ* I TWO
I F  ( N L S T P D . E Q . 0 )  N 4 - N 3 A
N 5 = N 4 + NWK * ITWO
NN 1 =NEO»ITWO
NN2 *KAS * ( KAS + 1 ) / 2 * 1  TWO
N 6 - N 5 + N N 1
I F  ( N N 2 . G T . N N 1 )  N 6 - N 5 + N N 2
NN3- KAS * KAS * I T WO
N N 4 'NUMNP *KM
NN' NEQ* I TWO
I F  ( N N 3 . G T . N N )  NN' NN3
I F  ( N N 4 . G T . N N )  NN' NN4
NT = N6 + NN
NNL' NEO* I TWO
CALL CLEAR ( A ( N 2 ) , N N L )
L P R I ' 0

100  K S T E P ' K S T E P M  
REWIND 1 
I R E F ' 0  
I E O R E F ' 0  
NPP »0 
I S D V G ' 0
CALL LOADMS ( A ( N 3 ) )
CALL ASSEM 

115 NN = NEQ* ITWO  
DO 150  I  « 1 ,NN 

150  A ( N5  +1 - 1 ) « A ( N 3  + I -  1 )
CALL COLSOL ( A(  N 4 ) , A ( N 3 ) , A ( N 1 ) , N E Q , NWK , 1 )
I F  ( N R 0 R C . E 0 . 2 )  CALL C R I S I  ( A(  N 3 ) , A ( N 1 3 6 ) , A ( N 5 ) , NEQ)
KKST EP ' 2
I R E F ' l
WRI TE ( 3 , 2 0 6 0 )
I F  ( K L I N . E O . 0 )  GOTO 110
CALL EQUI T  ( A ( N 4 ) , A ( N 3 ) , A ( N 3 A ) , A ( N 5 ) , A ( N 2 ) , A ( N 1 ) , A ( N 6 )  )
I F  ( I E O R E F . E O . 0 )  GOTO 110  
I F  ( N R O R C . E Q . l )  GOTO 109
CALL D I V C R I  ( A ( N 2 ) , A ( N 3 ) , A ( N 3 A ) , A ( N 4 ) , A ( N 5 )  , A ( N 6  ) , A ( N 1  ) ) 
GOTO 111

109  CALL DI VERG ( A ( N 2 ) , A ( N 3 ) , A ( N 3 A ) , A ( N 4 ) , A ( N 5 ) , A ( N 6 ) , A (N 1 ) )
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1 1 1

1 10

130

125
120

, I  SECS( 2 ) , I H U N D S ( 2 ) )

200 
2 10 

1000 
1005  
1010 
1020 
2000

I F  ( I S D V G . E Q . 0 )  GOTO 110  
WRI TE ( 3 , 2 0 4 0 )
GOTO 2 1 0
CALL NEWDAV ( A ( N 2 ) , A ( N 3 ) )
LPRI =  L P R I +1 
K P R I - I P R I - L P R I  
I F  ( K P R I . G T . 0 )  GOTO 1 3 0  
L P R I =0
CALL WRI TE ( A ( N 2 ) , A ( N 6 ) , A ( N 5 ) , A ( N 3 ) , N E Q , N U M N P )
CALL ELEMNT
K P R I - 1
I F  ( K L I N . E Q . 0 )  GOTO 125  
I COUNT - 2
I F  ( K S T E P . L T . NST E)  GOTO 100  
CALL T I ME ( I H O U R S ( 2 ) , MI N S ( 2  )
I HOUR- I H O U R S ( 2 ) - I H O U R S ( 1 )
M I N = M I N S ( 2 ) - M I N S ( 1)
I  S E C ' I  SECS( 2 ) - I  SECS( 1  )
I V R E ME ' 3 6 0 0 * I HOUR +6 0 * M I N +I S  EC 
I F  ( M O D E X . E Q . 0 )  GOTO 2 0 0  
W R I T E ( 3 , 2 0 2 5 )  I VREME  
GOTO 2 1 0
W R I T E ( 3 , 2 0 2 0 )  I VREME  
CONTINUE
FORMAT ( 2 0 A 4 / 1 2 I 5 )

( 4 1 5 , 3 F 1 0 . 0 , 1 5 )
( 1 5 )
( 2  1 5 )
( 1 0 H  PROGRAM: , 2 0 A4  / / / /

R O L N E  I N F O R M A C I  J 
( 1  - ELEMENAT I ,  2 - ELEMENAT I I )

FORMAT 
FORMAT 
FORMAT 
FORMAT 

155H * * *  K O N T 
2 5 5 H T I P  ELEMENTA
355HVRSTA A N A L I Z E  ( 0 - L I N E A R N A , 1 - N E L I N E A R N A ) .
455HBROJ CVOROVA NOSACA .........................................................
555HBROJ OSLONACKI H CVOROVA NOSACA ............................
655HBROJ ELEMENATA NOSACA ...................................................
755HBROJ GRUPA ELEMENATA I S T I H  K ARAKT ERI ST I KA.
856HSTEPEN I Z V R S E N J A  ....................................................................
9 55H 0  - PROVERÀ U L A Z N I H  PODATAKA
155H 1 - I Z V R S E N J E  PROGRAMA
255HBROJ TABELA KOJE ODREDJUJU I N T E G R A C I ONE
355HTACKE U KOJ I MA SE TRAZE NAPONI  ............................
455HMAKSIMALAN BROJ TACAKA U T ABELI  ......................
555HBROJ TABELA KOJE ODREDJUJU CVOROVE
655HZA KOJE SE STAMPAJU POMERANJA ............................
755HBROJ I N T E G R A C I ONI H  TACAKA U Z-PRAVCU . . . 
855HBROJ I N T E G R A C I O N I H  TACAKA U S - PRAVCU . . . 

2 0 0 3  FORMAT ( / 5X ,
155HMETOD PRORACUNA ....................................................................
255H 1 - NEWTON-RAPHSON
355H 2 - C R I S F I E L D
455HBROJ INKREMENATA OPTERECENJA ..................................
5 55 HI NTERVAL STAMPANJA REZULTATA ..................................
6 55HDOZVOLJENI  BROJ I T E R A C I  J A ....................................
7 55HUSLOV KONVERGENCI JE PO POMERAN J IMA . . . .
8
955HUSLOV KONVERGENCI JE PO SI LAMA ............................
1
2 55HREFERENTNO OPTERECEN J E PRI  KONVERGENCIJ I  .
3
455HMAKSIMALANO DOZ VOL J ENI  BROJ PO DI NKREMENATA 

2 0 0 5  FORMAT ( / / / / / 4 5 H  * * *  P O D A C I  O O P T E R  
2 0 1 0  FORMAT ( / / / 5 6H BROJ KONCENTRI SANI H OPTERECENJA  

1 ' , 1 5 )
2 0 1 5  FORMAT ( / / / / /

155H * * *  P O D A C I  O M A T R I C I  S I S T
255HBROJ J EDNACI NA ....................................................................
355HBROJ ELEMENATA MATRI CE ...................................................
465HMAKSIMALNA S I R I N A  TRAKE .............................................

E * *  * / / / / 5 X ,
I E L E ) = , 1 5 /  /  5 X ,
K L I N ) » , I 5 / / 5 X ,
NUMNP) = , I 5 /  / 5 X ,
NBOUN) = , I 5 / / 5 X ,
NUME) = , I 5 / / 5 X ,
NUMMAT) » , I 5 / / 5 X ,
MODEX) -  , 1 5  /  5 X ,

/  5 X ,
/  /  5 X ,

/  5 X ,
N T AB L E ) '  , I 5 / / 5 X ,
J TABLE) '  , I 5 / / 5 X ,

/  5 X ,
NPB) - , I 5 / / 5 X ,
I N T Z ) '  , 1 5 /  /  5 X ,
I N T S  ) = , 1 5 )

NRORC) '  , 1 5  / 5 X ,
/  5 X ,

/  /  5 X ,
NST E) » , I 5 / / 5 X ,
I  PRI  ) '  , I 5 / / 5 X ,
I T E M A X ) = , I 5 / / 5 X ,
DTOL ) - , E 1 1 . 4 / /

5X ,
RTOL ) = , E 1 1 . 4 / /

5 X ,
RNORM) = , E 1 1 . 4 / /

5 X ,
NLSTPD) = , 1 5 )
E C E NJ U n i )

E M A
(NEO)
( NWK ) 
(MK)

( N LOAD)

: * *  /  /  /  /  5X ,
= , I 5 / / 5 X , 
= , I 5 / / 5 X ,  
= , I 5 / / 5 X ,
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555HSREDN J A S I R I N A  T R A K E .........................................................(MM)  - , I 5 )
2 0 2 0  FORMAT ( / / / / 32H VREME POTREBNO ZA ULAZ PODATAKA , I 6 , 4 H  SEC)  
2 0 2 5  FORMAT ( / / / / 3 5 H  VREME POTREBNO ZA R ESEN JE PROBLEMA, 1 6 , 4H SEC)  
2 0 4 0  FORMAT ( / / / / I H  ,

150HNEURAVNOTEZENE S I L E  VECE OD I NKREMENTA OPTERECENJA)
2 0 6 0  FORMAT ( / / / / 26H * * *  R E Z U L T A T I  * « * )

END

SUBROUTI NE ERROR ( N )
W R I T E ( 3 , 2 0 0 0 )  N 
STOP

2 0 0 0  FORMAT ( / /  44H * * *  GRESKA - KAPACI TET  MEMORI J E PREMASEN Z A , 1 9 )  
END

SUBROUTI NE P R I P P  ( NDF, NUMNP, KM) 
D I MENSI ON N D F ( l )
KM= 1

4 R E A D ( 2 , 9 0 0 ) N , N D F ( N ) , K N , M
I F  ( N D F ( N ) . G T . KM) K M- N D F ( N )
I F ( K N . E Q . 0 )  GOTO 6 
L- N+ KN
DO 5 T « L , M , K N

5 N D F ( J ) » ND F ( N )
6 I F  ( N . N E . N U M N P . A N D . M . N E . N U M N P )  GOTO 4 

RETURN
9 0 0  FORMAT ( 4 1 6 )

END

SUBROUTI NE I N P U T  ( N D F , I D , X , Y , Z , KM)
I M P L I C I T  REAL«8  ( A - H , 0 - Z )
COMMON / S O L /  NUMNP, NBOUN, N E O , MA X E S T , N W K , M K , N S T E , I E L E  
DI MENSI O N I D ( K M , 1 ) , X (  1 ) , Y ( 1 ) , Z ( 1 ) , N D F ( 1)
KNOLD* 0
N O L D - 0

10 R E A D ( 2 , 1 0 0 0 )  N , X ( N ) , Y ( N ) , Z ( N ) , K N  
I F  ( K N O L D . E O . 0 )  GOTO 50  
N U M ' ( N - N O L D ) / KNOLD  
NUMN =NUM- 1
I F  ( NUMN. L T . 1)  GOTO 60  
XNUM=NUM
D X - ( X ( N ) - X ( N O L D ) ) / X N U M  
D Y - ( Y ( N ) - Y ( N O L D ) ) / X N U M  
D Z ' ( Z ( N ) - Z ( N O L D ) ) / X N U M  
K-NOLD
DO 3 0  J » 1 , NUMN 
KK = K
K ' K  +KNOLD 
X ( K ) “ X ( K K ) +DX 
Y ( K ) - Y ( K K ) + D Y  
Z ( K  ) * Z ( K K ) +DZ 

30  CONTI NUE  
50  NOLD-N  

KNOLD-KN
I F  ( N . N E . N U M N P )  GOTO 10 
DO 6 0  I « 1 , NBOUN
R E A D ( 2 , 1 0 1 0 )  N , ( I D ( J , N ) , J “ 1 , N D F ( N ) )

60  CONTI NUE
W R I T E ( 3 , 2 0 1 5 )
W R I T E ( 3 , 2 0 2 0 )
DO 2 0 0  N» 1 , NUMNP

2 0 0  W R I T E ( 3 , 2 0 3 0 )  N , X ( N )  , Y ( N ) , Z ( N ) , NDF ( N )
W R I T E ( 3 , 2 0 4 0 )
DO 3 0 0  N - 1 , NUMNP

3 0 0  W R I T E ( 3 , 2 0 5 0 )  N , ( I D ( J  , N )  , J - l , N D F ( N ) )
N EO- 0
DO 1 0 0  N = 1 , NUMNP 
DO 100  I -  1 , N D F ( N )
I F  ( I D ( I , N ) )  1 1 0 , 1 2 0 , 1 1 0
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120  NEQ-NEQ+1
I D ( I , N ) « N E Q  
GOTO 100  

110  I D ( I , N ) - 0  
100  CONTI NUE

W R I T E ( 3 , 2 0 6 0 )  NEO 
W R I T E ( 8 )  ( N D F ( I ) , 1 = 1 ,NUMNP)
DO 9 0  J » 1 , NUMNP

9 0  W R I T E ( 8 )  ( I D ( I , J ) , I  -  1 , N D F ( J ) )
E N D F I L E  8 
RETURN

1 0 0 0  FORMAT ( I 5 , 3 F 1 0 . 0 , I 5 )
1 0 1 0  FORMAT ( 1 6 1 6 )
2 0 1 5  FORMAT ( / / / / / 4 2 H  « * *  P O D A C I  O C V O R O V I M A  * * * / / / )
2 0 2 0  FORMAT ( 6 H  CVOR , 1 9 X , 1 8HKOORDI NATE CVOROVA, 1 3 X , 1 6 HM. S.  SLOBODE /  

11H , 1 9 X , 1H X , 1 2 X , 1 H Y , 1 2 X , 1 H Z )
2 0 3 0  FORMAT ( I 4 , 7 X , 3 F 1 3 . 3 , 6 X , I 5 )
2 0 4 0  FORMAT ( / / 6 H  CVOR , 16H GR A N I C NI  U S L O V I /

1 7X , 1 H X , 2 X , 1 H Y , 2 X , 1H Z , 3H X X , 3 H  Y Y , 3H Z Z , 3H W 1 , 3 H  W 2 , 3H W 3 , 6 H ........... )
2 0 5 0  FORMAT( 1 4 , I X , ( 2 5 1 3 ) )
2 0 6 0  FORMAT( / / 56H BROJ JEDNACINA ..................................................................... (NEO)

1 ' , 1 5 )
END

SUBROUTINE LOADS ( R , NOD, I D I R N , FLOAD, I D , NLOAD, KM)
I M P L I C I T  REAL* 8 ( A - H , 0 - Z )
COMMON / V A R /  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E , I E O R E F , I R E F  , KKSTEP 
COMMON / S O L /  NUMNP, NBOUN, NEO, M A X E S T , NWK, MK , NSTE , I E L E  
D I MENSI ON R ( N E Q ) , N O D ( 1 ) , I D I R N ( 1 ) , FLOAD( 1 ) , I D ( K M , 1)
W R I T E ( 3 , 2 0 0 0 )
READ( 2 , 1 0 0 0 )  ( NOD( I ) , I D I RN( I ) , FLOAD( I  ) , I  = 1 , NLOAD)
W R I T E ( 3 , 2 0 1 0 )  ( NOD( I ) , I D I R N  ( I ) , FL OAD( I ) , I  » 1 , N LOAD)
I F  ( M O D E X . E Q . 0 )  RETURN 
DO 2 1 0  1 = 1 , NEO 

2 1 0  R ( I ) - 0 . 0
DO 2 2 0  L - l , N L O A D  
L N = N OD ( L )
L I ■ I D I R N ( L )
I I - I D ( L I , L N )
I F  ( I I )  2 2 0 , 2 2 0 , 2 4 0  

2 4 0  R d l ) - F L O A D ( L )
2 2 0  CONTI NUE  

W R I T E ( 1 )  R 
E N D F I L E  1 
RETURN

1 0 0 0  FORMAT ( 2 1 5 , F 1 0 . 0 )
2 0 0 0  FORMAT ( / / 3 6 H  CVOR PRAVAC OPTERECENJE / )
2 0 1 0  FORMAT ( I 4 , 8 X , I 4 , 8 X , E 1 2 . 5 )

END

SUBROUTINE ELCAL ( NUMPN1 , NUMPN2 , NUMPS1 , NUMPN, NUMPS, E , G )
I M P L I C I T  REAL* 8  ( A - H , 0 - Z )
COMMON / E L /  I N D , I C O U N T , NUMMAT, MTO T , I  TWO, NUME, NUMI  , NUM2 , NUM3, K L I N 
COMMON / K MC/  KM, I DWA, KMM, KAS
COMMON / S T N L /  X L T , Z O L , S O L , F A C , P F A C , I N T Z , I NT S
DI MENSI ON NUMPN1 ( 1 ) , NUMPN2 ( 1 ) , NUMPN( 1 ) , NUMPS( 1 ) , NUMPS 1 (1 ) , E ( 1 ) ,  

1G( 1 )
W R I T E ( 3 , 2 0 0 0 )
NUMI  =0 
N U M2 - 0  
N U M3 - 0  
NUMPN1 ( 1  ) » 0  
NUMPN2( 1 ) »0 
NUMPS1(  l ) - 0  
KMM = 1
DO 10 I  -  1 , NUMMAT
READ( 2 , 1 0 0 0 )  E(  I )  , G ( I ) , N U M P N ( I ) , N U M P S ( I )
N U M I - N U M I + NUMP N( I )
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N U M 2 - N U M 2 + N U M P N ( I ) * ( N U M P N ( I ) + 1 ) / 2  
I F  ( N U M P S ( I ) . G T . K M M )  K MM- NU MPS ( I )
NUM3-NUM3 +N U M P S ( I )
I F  ( I . E Q . NUUMAT) GOTO 10 
M - I  + l
N U M P N 1 ( M ) - N U M I  
NUMPN2( M ) -NUM2  
N U MP S 1 ( M ) - N U M 3  

10 CONTI NUE
I D W A - I N T Z « I N T S  * K M M * 3 * 4 + 1
CALL ELEMNT
RETURN

1 0 0 0  FORMAT ( 2 F 1 0 . 0 , 2 1 5 )
2 0 0 0  FORMAT ( / / / / / 4 4 H  * « «  P O D A C I  O E L E M E N T I M A  * * * / / / )  

END

SUBROUTI NE ELEMNT  
COMMON A ( 1)
COMMON / D I M /  N 1 , N 2 , N 3 , N 4 , N 5 , N 6 , N 7 , N 8 , N 9 , N 1 0 , N 1 1 , N 1 2 , N 1 3 , N 1 4 , N 1 3 6  
COMMON / E L /  I N D , I C O U N T , NUMMAT, MTOT, I T W O , NUME, NUM1 , NUM2 , NUM3 , K L I N 
COMMON / S O L /  NUMNP, NBOUN, NEQ, MAXEST, NWK, M K , N S T E , I E L E  
COMMON / T A B L E /  N T A B L E , JTABLE
COMMON / V A R /  M O D E X , KS T E P , I T E M A X , KPRI  , I P R I , I T E , I E Q R E F , I R E F , K K S T E P  
COMMON / К М С /  K M, I D W A , KMM, KAS
COMMON / C R I S /  D P , DPSUM, D P O , D L , DET ER, NRORC, A 1 , A 4 , W C 1 , WC2 , K L K R , NPP
I F  ( K S T E P . G T . l . O R . I R E F . E Q . 1)  GOTO 60
N F I R S T - N 7
I F ( I N D . E Q , 0 )  GOTO 20  
N 8 - N 7  + NUMMAT 
N9- N8+NUMMAT  
N10 - N9+NUMMAT  
N 1 1 - NI 0+ NUMMAT  
N 1 2 - N 1 1 +NUMMAT 
N 13 = N 12 +NUMMAT* ITWO 
N 14 = N 13 +NUMMAT«ITWO  

2 0  M2 - N 2
N 1 0 1 - N 1 4 +  NUMMAT «ITWO  
N 1 0 2 - N 1 0 1 +NUMMAT* ITWO  
N 1 0 3 - N 1 0 2 + NU MI « I T WO  
N 1 0 4 - N 1 0 3  +NUM1 ■ ITWO 
N 1 0 5 - N 1 0 4 +NUM3«ITWO 
N 1 0 6 - N 1 0 5 + N U M 3 « 2  
N 1 0 7 - N 1 0 6 +  2 * KM«NUME 
N 1 0 8 - N I 0 7 + 9 «NUME«ITWO  
N 1 0 9 - N 1 0 8 + N U M E  
N 1 1 0 - N 109  + NUME 
NTAB- NTABLE  
L L - J T A B L E / 16 
L L L - J T A B L E - L L * 16 
I F  ( L L L . G T . 0 )  L L - L L + 1  
L L - L L « 16
N11 1 = N 1 1 0  + LL»NTABLE  
N 1 1 2 - N 1 1 1 +NUMMAT « I  TWO 
N 1 1 3 - N 1 1 2  + NUMMAT » I  TWO 
N 1 1 4 - N 1 1 3  + NUMMAT « I TWO 
N 1 1 6 - N 1 1 4  + NUMMAT « I  TWO 
N 1 1 6 - N 1 1 6  + NUMMAT « I TWO 
N 1 1 T - N 1 1 6  + NUMMAT « I TWO 
N1 18 - N 117 +NUMMAT«ITWO  
N 1 1 9 - N 1 1 8 + N U M 1 «I TWO  
N 1 2 0 - N 1 1 9 +NUM1 * I T WO  
N 1 2 1 - N 1 2 0 + N U M 1 * I T W O  
N 1 2 2 - N 1 2 1 + N U M 1 « I T W O  
N 1 2 3 - N 1 2 2 + N U M 1 « I T W O  
N 1 2 4 - N 1 2 3 + N U M 2 * I T W O  
N 1 2 5 - N 1 2 4 + N U M 2 * I T W O  
N L A S T - N 125  
N 1 2 6 - N 1 2 5  + (KM - 6 ) »2
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I F  ( I N D . E O . 1 )  GOTO 50
I F C N 1 2 6 . G T . W T O T )  CALL ERROR ( N 1 2 6 - M T O T )
NNL “ N 126  -N 110
CALL CLEAR ( A ( N 1 1 0 ) , NNL)
N 1 2 7 - N 1 2 6  
N 1 2 8 « N 1 2 6  
N 1 2 9 - N 1 2 6  
N 13 0  = N 126  
N 1 3 1 - N 1 2 6  
N 1 3 2 = N 1 2 6  
N 13 3  = N 126  
N 1 3 4 “N 1 26  
GOTO 4 0

5 0  N 1 2 T = N 1 2 6  + KAS * 5  «NUME* ITWO 
N 1 2 8  = N1 2 T  + KA S * ITWO 
N 1 2 9 = N 1 2 8  + 2 * KM* NUME* I TWO  
N 1 3 0 = N 1 2 9  +I DWA*NUME* I TWO  
N 1 3 1 =N 130  +NUME* ITWO 
N 1 3 2 - N 1 3 1 + K A S * 3 * I T W 0  
N 1 3 3 - N 1 3 2  + KAS * 7  *1 TWO 
N 1 3 4 = N 1 3 3 +2 * KM* I TWO  
N 1 3 5 * N 1 3 4 +2 * KM* I TWO  
N 1 3 6 = N 1 3 5 + 9 *NUME* I TWO  
N 137  = N 136
I F  ( N R O R C . E 0 . 2 )  N 1 3 7 * N 1 3 6 + NEQ* I TWO  
I F  ( N 1 3 7 . G T . M T O T )  CALL ERROR ( N 1 3 7 - M T O T )
N N L “ N 1 3 7 - N 1 2 6
CALL CLEAR ( A ( N 1 2 6 ) , NNL)

6 0  M2«N2
I F  ( I C 0 U N T . L T . 3 )  GOTO 40  
M2 = N6

4 0  CALL CSP ( A ( M 2 ) , A ( M 2 ) , A ( N 3 ) , A(  N4 ) , A ( N 5 ) , A ( N 5 ) , A ( N 6 ) ,  A ( N 6 ) , A ( N 7 ) , AC 
1 N 8 ) , A ( N 9 ) , A(  N 1 0 )  , A ( N 1 1 ) , A ( N 1 2 ) , A C N 1 3 ) , A ( N 1 4 ) , A ( N 1 0 1 ) , A (N 1 0 2 ) , A ( N 10 
2 3 ) , ACNI  0 4  ) , ACNI  0 5 ) , A C N I 0 6 ) , A C N I 0 7 ) , ACNI  0 8 ) , ACNI  0 9 ) , A ( N 1 1 0 ) , ACNI  1 1 )  
3 , A ( N 1 1 2 ) , A C N 1 1 3 ) , A ( N 1 1 4 ) , A C N 1 1 5 ) , A ( N 1 1 6 ) , A ( N 1 1 7 ) , A C N 1 1 8 ) , A ( N 1 1 9 ) , A  
4 ( N 1 2 0 ) , A C N 1 2 1 ) , A C N 1 2 2 ) , A ( N 1 2 3 ) , A ( N 1 2 4 ) , A ( N 1 2 5 ) , A ( N 1 2 6 ) , A ( N 1 2 7 ) , A ( N  
5 1 2 8 ) , A ( N 1 2 9 ) , A ( N 1 3 0 ) , A ( N 1 3 1 ) , A C N 1 3 2 ) , A ( N 1 3 3 ) , A ( N 1 3 4 ) , A ( N 1 3 5 ) , KW, 
6 KAS, I DWA, NT AB, KWW)

I F C I N D . N E . 0 )  GOTO 30
M A X E S T - N L A S T - N F I R S T
W R I T E C 5 )  ( A CI  ) , I = N F I R S T , N L A S T  - 1 )
E N D F I L E  5 

3 0  CONTI NUE  
RETURN 
END

SUBROUTI NE CSP ( I D , D I D , X , Y , Z , S , MHT , A S , NUMPN1 , NUMPN2, NUMPS1 ,NUMPN,N  
1UMPS, E , G , X C , Y C , X X , Y Y , T S , I S N , L M , X Y Z , M A T P , I P S , I T A B L E , F F , I X X , I Y Y , I X Y ,  
2 I H , S W X , S W Y , S F X , S F Y , I X F , I Y F , I X B Y A , I F F , I A A B B , N N , S R E L , D I S P , P D I S P , W A , 
3 G A M A , B , B N L , R E , X M , T T T 1 , KM, KAS, I D W A , N T A B , KMM)

I M P L I C I T  R E A L * 8  ( A - H , 0 - Z )
R E A L * 8  I X B Y A C 1 ) , I F F ( 1 ) , IAABBC 1 ) , I X X (  1 ) , I Y Y ( 1 ) , I XYC1 ) , I H ( 1 ) , L L , I X F ( 

1 1 ) , I Y F ( 1 )
COMMON / E L /  I N D , I C O U N T , NUMMAT, MTOT, I  TWO, NUME, NUMI  , N U M 2 , N U M 3 , K L I N  
COMMON / V A R /  MODEX, KSTEP, I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , K K S T E P  
COMMON / S O L /  NUMNP ,NBOUN, N E O , MAX ES T , N W K , M K , N S T E , I E L E  
COMMON / S T N L /  X L T , Z O L , SOL, FAC, PFAC, I N T Z , I N T S  
COMMON / T A B L E /  N T AB L E, JTABLE
COMMON / D I M /  N1 , N 2 , N 3 , N 4 , N 6 , N 6 , N 7 , N 8 , N 9 , N 1 0 , N 1 1 , N 1 2 , N 1 3 , N 1 4 , N 1 3 6  
COMMON / P O S /  I I  , I 2 , I 3 , I 4 , I S T R E S  
COMMON / I C /  ICC 1 2 ) , XCC, YCC
COMMON / C R I S /  D P , D P S U M , D P O , D L , D ET ER , NRORC, A 1 , A 4 , W C 1 , WC2 , K L KR, NPP 
D I MENSI ON NUMPN1C 1 ) , N U MP N 2 ( 1 ) , NUMPN( 1 ) , NUMPS( 1  ) , NUMPS 1 C 1 )
D I MENSI ON F F ( 1 )  , SFXC1 ) , S F Y ( 1 ) , SWX( 1 ) , SWYC1 )
DI MENSI ON X X ( 1 )  , Y Y ( 1 ) , X ( 1 ) , Y ( 1 ) , Z ( 1 ) , X Y Z ( 9 , 1 ) , X C ( 1 ) , Y C ( 1)
DI MENSI ON EC 1 ) , G (  1 ) , I D ( K M , 1 ) , M A T P ( 1 ) , MHT( 1 ) , LM( 2 *KM , 1 ) , N N ( 1 ) , T S ( 1 )  
DI MENSI ON A S ( K A S , 1 ) , I S N ( 1 ) , I P S ( 1 ) , B( 3 , 1  ) , B N L ( 7 , 1 ) , R E ( 1 ) , D I S P ( 1 )

1 , P D I S P ( 2  * K M , 1 )  , SREL( KAS * 5 , 1 ) , GAMA( 1 ) , I T A B L E ( N T A B , 1 ) , WA( I DWA
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2 , l ) , S ( l ) , B S ( 3 , 3 ) , D I D ( l ) , X M ( l ) , T T T ( 3 , 3 ) , T T T 1 ( 9 , 1 )
REAL A 
COMMON A ( 1)
I F  ( K P R I . E Q . 0 )  GOTO 8 0 0  
I F  ( I N D . G T . 0 )  GOTO 4 2 0  
DO 10 I  - 1 ,NUMMAT 
W R I T E ( 3 , 2 0 0 0 )  I
W R I T E ( 3 , 2 0 1 0 )  N U M P N ( I )  ,NUMPS( I )
R E A D ( 2 , 1 0 0 0 )  X C ( I ) , Y C ( I  )
W R I T E ( 3 , 2 0 1 5 )  X C ( I ) , Y C ( I )
W R I T E ( 3 , 2 0 2 0 )
DO 2 0  J - 1 , NUMPN( I )
I I " N U M P N 1 ( I ) + J
R EA D ( 2 , 1 0 0 0 )  X X ( I I ) , Y Y ( I I )

2 0  W R I T E ( 3 , 2 0 3 0 )  J , X X ( I I ) , Y Y ( I I )
W R I T E ( 3 , 2 0 4 0 )
DO 3 0  J » 1 , NUMPS( I )
R EA D ( 2 , 1 0 1 0 )  I I , J J , T  
TS ( NUMPS1 ( I )  + J ) = T  
I S N ( 2 * ( N U M P S 1  ( I  ) ♦ J ) -1  ) " I I  
I S N ( 2 * ( N U M P S 1 ( I ) + J ) ) - J J 
W R I T E ( 3 , 2 0 5 0 )  J , I I , J J , T  
J J J "NUMPN1 ( I ) ♦ J J 
I I I * N U M P N 1 ( I ) +I I
L I J  * NUMPN 2 ( I )  + ( I I - l ) * N U M P N ( I ) - ( I I - l ) * I I / 2 + JJ 
L I I * N U M P N 2 ( I ) + ( I I - 1 ) »NUMPN( I ) - ( I I - 3 ) * I I / 2  
LJ J »NUMPN 2 ( I  ) + ( J J - 1 ) *NUMPN( I ) - ( J J - 3 ) *  J J / 2  
X 2 • XX( J J J )
X 1 " X X ( I I I )
Y 2 " Y Y ( J J J )
Y 1 - Y Y ( I I I )
L L * D S Q R T ( ( X 2 - X 1 ) * ( X 2 - X 1 ) + ( Y 2 - Y 1 ) * ( Y 2 - Y 1  ) )
COS" ( X 2 - X 1 ) / L L  
S I N * ( Y 2 - Y 1 ) / L L  
S I N 2 " 2 . *  S I N  *COS 
F F ( I ) » F F ( I ) + L L * T  
F I  1 * LL * T *  * 3 / 12 .
F I 2 » L L * * 3 * T / 1 2 .
I Y Y ( I ) ” I Y Y ( I ) + A B S ( ( Y 2  + Y 1 ) / 2 . ) * * 2 * L L * T  + F I  1 * C O S * * 2  + F I  2 * S I N  * * 2
I X X ( I ) - I X X ( I ) + A B S ( ( X 2 + X l ) / 2 .  ) * * 2 * L L * T  + F I  1 * S I N  * * 2 ♦ F I  2 * C O S * » 2
I X Y ( I ) - I X Y ( I ) + ( Y 2 ♦ Y 1 ) * ( X2 + X 1 ) / 4 . + 0 . 5  * ( F I  1 - F I 2 ) * S I N 2
A A - ( - X I * C O S - Y 1 * S I N - 0 . 5 * L L ) * L L * T
H H - ( Y 1 * X 2 - Y 2 * X 1 ) / LL
I H ( I ) - I H ( I ) + H H * H H * L L * T + F I 1 * 4 .
S W X ( I ) - S W X ( I ) +AA*  S I N  
SWY( I ) ■ SWY( I ) - AA*COS  
SFX( J J  J ) " S F X ( J J  J ) +COS * T  
S F X ( I I I )  = S F X ( I I I ) -COS * T  
S F Y ( ] J  J ) = S F Y ( J J J ) + S I N * T  
S F Y ( I I I ) - S F Y ( I I I ) - S I N * T
I X F ( J J J ) " I X F ( J J J ) * ( L L * C O S / 3 . + X X ( I I I ) / 2 .  ) * L L * T  
I X F ( I I I )  = I X F ( I I I )  + ( L L * C O S / 6 . + X X ( I I I ) / 2 .  ) * L L * T  
I Y F ( J J  J ) " I Y F ( J  J J )  + ( L L * S I N / 3 . + Y Y ( I I I ) / 2 .  ) * L L * T  
I Y F ( I I I )  = I Y F ( I I I )  + ( L L * S I N / 6 . + Y Y ( I I I ) / 2 .  ) * L L * T  
I X B Y A ( J J J ) = I X B Y A ( J J J )  + ( X X ( I I I ) * S I N - Y Y ( I I I ) * C O S ) * T  
I X B Y A d l I  ) - I X B Y A ( I I I  ) - ( X X ( I I I ) * S I N - Y Y ( I I I ) * C O S ) * T  
I F F ( L I I ) * I F F ( L I I ) + L L * T / 3 .
I F F ( L J  J ) = I F F ( L J  J ) + L L * T / 3 .
I F F ( L I J ) “ L L * T / 6 .
I AABB(  L U  ) " I A A B B (  L U  ) + T / L L  
I A A B B ( LJ J ) = I A A B B ( L J J ) + T / L L  

30  I A A B B ( L I J ) - - T / L L
W R I T E ( 3 , 2 0 6 0 )  E ( I ) , G ( I ) , F F ( I ) , I X X ( I ) , I Y Y ( I ) , I X Y ( I ) , I H ( I ) , S W X ( I ) , SW 

1 Y ( I )
W R I T E ( 3 , 2 0 7 0 )
DO 40  J - 1 , NUMPN( I  )
1 1"NUMPN1 ( I ) + J

40  W R I T E ( 3 , 2 0 8 0 )  J , S F X ( I I ) , S F Y ( I I ) , I X F ( I I ) , I Y F ( I I ) , I X B Y A ( I I )
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W R I T E ( 3 , 2 0 9 0 )
DO 6 0  J « 1 , N U U P N ( I )

60  W R I T E ( 3 , 2 1 2 0 )  ( I F F ( N U M P N 2 ( I ) + ( K - 1 ) * N U U P N ( I ) - ( K - 1 ) * K / 2 + J ) ,  K = 1 , J ) 
W R I T E ( 3 , 2 1 0 0 )
DO 7 0  J - 1 , NUMPN( I )

70  W R I T E ( 3 , 2 1 2 0 )  ( I A A B B ( NUUPN2( I ) + ( K - 1 ) * N U U P N ( I ) - ( K - 1 ) * K / 2 + J ) , K « 1 , J ) 
10 W R I T E ( 3 , 2 1 3 0 )

I F  ( N T A B L E . L E . 0 )  GOTO 99
L» J T A B L E / 16
LL= J TABLE - 16 * L
I F  ( L L . G T . 0 )  L= L + 1
DO 96  I « 1 , NTABLE
K - 0
DO 97  J - l  , L  
K* K+ 1 
KK * K + 1 5
READ ( 2 , 1 0 1 5 )  ( I T A B L E ( I , J J ) , J J - K , K K )
DO 98  J J = K , K K
I F  ( I T A B L E d  , J J ) . E O . 0 )  GOTO 96

98 CONTI NUE  
97 K = KK
96 CONTI NUE
99 W R I T E ( 3 , 2 1 4 0 )

N = 1
100  READ( 2 , 1 0 2 0 )  W, 1 1 , J J , K K , U T Y P , I S , K G  

I F  ( K G , E O . 0 )  KG«1 
1 20  I F  ( U . N E . N )  GOTO 2 0 0  

K- KK  
I ' l l
J * J J
KKK' KG
U T Y P E ' U T Y P
I P S T ' I S
R E A D ( 2 , 1 0 2 0 )  ( N N ( I L ) , I L = 1 , 2 »NUUPN( M T Y P E ) )

2 0 0  X Y Z ( 1 , N ) « X ( I  )
X Y Z ( 2 , N ) - Y ( I )
X Y Z ( 3 , N ) * Z ( I )
X Y Z ( 4 , N ) - X ( J )
X Y Z ( 5 , N ) “ Y ( J  )
X Y Z ( 6 , N ) » Z ( J  )
X Y Z ( 7 , N ) - X ( K )
X Y Z ( 8 , N ) ” Y ( K )
X Y Z ( 9 , N ) » Z ( K )
U A T P ( N ) ' MTYPE  
I P S ( N )  » I P S T  
DO 3 9 0  L - 1 , 6  
L M ( L , N ) - I D ( L , I )

3 9 0  L M ( 6 +N U U P N ( M T Y P E ) + L , N ) ' I D ( L , J )
DO 4 0 0  L = 1 , NUMPN( MTYPE)
L U ( 6  + L , N ) ' I D ( 6 + NN( L ) , I )

4 0 0  L U ( 1 2 +N U U P N ( M T Y P E ) +L , N ) - I D ( 6 +N N ( L + N U MP N ( U T Y P E ) ) , J )
N U A X = 1 2 + 2 * N U M P N ( UT YP E )
CALL COLHT ( MHT , NUAX, L U ( 1 , N ) )
W R I T E ( 3 , 2 1 5 0 )  N , I , J , K , U T Y P E
I F  ( N . EO . NUME) GOTO 5 0 0
N ' N  ♦ 1
I - I + K K K
J - J +KKK
I F  ( N . G T . U )  GOTO 1 00  
GOTO 120

5 0 0  W R I T E ( 3 , 2 1 6 0 )
DO 6 0 0  I - 1 ,NUUE

6 0 0  W R I T E ( 3 , 2 1 7 0 )  I  , ( LU (J , I ) , J ' 1 , 1 2  + NUMPN( MATP( I ) ) * 2 )
RETURN

4 2 0  I F  ( I R E F . E Q . l )  GOTO 4 3 0  
NN L - NWK* I TWO  
CALL CLEAR ( A ( N 4 ) , N N L )

4 3 0  I S T R E S - - 1
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DO 7 1 0  H » 1 ,NUME 
MTYPE=MATP( N)
E Y - E ( M T Y P E )
XNU- G( MT YPE)
F A C = E Y / ( 1.  - XNU *  XNU)
PFAC=EY/  ( 2 . * ( 1 . + XNU) )
NMAX«1 2 +2 * N U M P N ( MT Y P E )
X CC- XC( MT YP E)
YCC=YC( MTYPE)
N S I Z E * 1 7 + 2* NUMPN( MTYPE)
I F  ( I E L E . E 0 . 2 )  N S I Z E - N M A X  
DO 7 3 5  1 = 1 ,NMAX 
D I S P ( I ) = 0 . 0  

7 3 5  R E ( I ) = 0 . 0
DO 4 4 0  1 = 1 , 3  
DO 4 4 0  J = 1 , N S I Z E  

4 4 0  B ( I , J ) = 0 . 0
DO 4 5 0  1 = 1 , 7  
DO 4 5 0  J = 1 , N S I Z E  

4 5 0  B N L ( I , J ) = 0 . 0
CALL LENGTH ( X L T , X Y Z ( 1 , N ) )
CALL TRANSF ( X Y Z ( 1 , N ) , A S , B S , T T T , D I  S P , P D I S P ( 1 , N ) , GAMA(N ) , NUMPN( MTYP 

I E ) , 1 , KAS)
I F  ( K K S T E P . E O . 2 )  GOTO 4 6 0  
DO 4 7 0  1 = 1 , 3  
DO 4 7 0  J = 1 , 3

4 7 0  T T T 1 ( 3 » ( J - 1 ) + I , N ) = T T T ( I , J )
4 6 0  I F  ( K L I N . E O . 0 )  GOTO 7 2 6

I F  ( K K S T E P . E O . 1 . A N D . I R E F . E O . 0 )  GOTO 726  
DO 7 2 0  1 = 1 , NMAX 
I P = L M ( I , N )
I F  ( I P . E Q . 0 )  GOTO 7 2 0  
D I S P ( I ) - D I D ( I P )

7 2 0  CONTI NUE
GAMAE = GAMA( N )
CALL TRANSF ( X Y Z ( 1 , N ) , A S , B S , T T T , D I S P , P D I S P ( 1 , N ) , G A M A ( N ) , NUMPN(MTYP  

I E ) , 3 , K A S )
DO 7 6 2  1 = 1 ,  NMAX 
D I S P ( I ) = D I S P ( I ) - P D I S P ( I , N )
I F  ( I C O U N T , N E . 3 . A N D . I T O N L Y . N E . 5 )  P D I SP ( I , N ) = P D I SP ( I , N ) + D I S P ( I  )

7 6 2  CONTI NUE
DO 701 1 = 1 , 6  
I C ( I ) = I

701  I C ( 6 +I ) = 6 + N U M P N ( M T Y P E ) +I  
DO 7 2 2  1 = 1 , 1 0 , 3  
I I « I C ( I )
DO 722  J = 1 , 3
I J - I I + J - 1
TEMP = 0 .
DO 7 2 3  K = 1 , 3  
I K » I I * K - 1

7 23 T EMP” TEMP + T T T 1 ( 3 * ( K - 1 )  + J , N ) * D I S P ( I K )
7 2 2  X M ( I J ) “ TEMP

DO 7 2 5  1 = 1 , 1 2  
I I = I C ( I )

7 2 5  D I S P ( I I )  = X M ( I I )
I F  ( I C O U N T . E O . 3 )  GOTO 7 2 7  
DO 7 28  1 = 1 , 3  
DO 7 2 8  J = 1 , 3

7 2 8  T T T 1 ( 3 * ( J - 1 ) + I , N )  = T T T ( I , J )
727  I F  ( ( XCC. N E . 0 . 0 ) . OR.  ( Y C C . N E . 0 . 0 ) )  CALL TRANPC ( D I S P , R E , 1 )

I F  ( I E L E . E O . l )  CALL ENDREL ( A S , SREL( 1 , N ) , D I S P , NSI Z E , 3 , KM)
I F  ( I C O U N T . G T . 2 )  GOTO 691  
I F  ( I R E F . N E . 0 )  GOTO 591  

T 26  DO 6 5 0  1 = 1 , N S I Z E  
DO 6 5 0  J = 1 , N S I Z E  

6 5 0  A S ( I , J ) » 0 . 0
I 7 = 7 +NUMPN(MTYPE)
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1 8 -  1 7 * 1
1 9 -  1 8 * 1  
1 1 0 = 1 9 * 1  
1 1 1 = 1 1 0 * 1  
1 1 2 = 1 1 1 * 1
I F  ( I E L E . E Q . 2 )  GOTO 6 4 0
1 13 = 13 + 2 * NUMPN( MTYPE)
1 1 4 - 1 1 3 * 1
1 1 5 = 1 1 4 * 1
1 1 6 = 1 1 5 * 1
1 1 7 = 1 1 6 * 1
AA* P F A C « F F ( M T Y P E ) / 3 . / X L T
AS ( i , 1 ) » 7 . * AA
A S ( 1 , 1 7 ) - AA
A S ( 1 , 1 1 3 ) = - 8 . « A A
A S ( I 7 , I 7 ) - A S ( l , l )
AS( I 7 , I 1 3 ) • A S ( 1 , 1 1 3 )  
A S ( I 1 3 , I 1 3 ) = 1 6 . « A A  
A S ( 2 , 2 ) - A S ( 1 , 1 )
A S ( 2 , I 8 ) • AS( 1 , 1 7 )
A S ( 2 , I 1 4 ) = A S ( 1 , I 1 3 )
A S ( I 8 , I 8 ) = A S ( I 7 , I 7 )
A S ( I 8 , I 1 4 ) - A S ( I 7 , I 1 3 )
A S ( I 1 4 , I 1 4 ) = A S ( I 1 3 , I 1 3 )
A A - P F A C « F F ( M T Y P E ) / 6 .
A S ( 1 , 5 ) - 3 . « A A
A S ( 1 , 1 1 1 ) » - AA
AS ( 1 , 1 1 6 ) -  4 . «AA
A S ( 5 , 1 7 ) - AA
A S ( 5 , 1 1 3 ) » - A S ( 1 , 1 1 6 )
A S ( I 7 , I 1 1 ) » - A S ( 1 , 5 )
A S ( 1 7 , 1 1 6 ) - - A S ( 1 , 1 1 6 )  
A S C l l l  , 1 1 3 ) - - A S ( 5 , 1 1 3 )
A S ( 2 , 4 ) “ - A S ( 1 , 5 )
A S ( 2 , 1 1 0 ) - - A S ( 1 , 1 1 1 )  
A S ( 2 , I 1 5 ) • - A S ( 1 , 1 1 6 )  
A S ( 4 , I 8 ) » - A S ( 5 , I 7 )  
A S ( 4 , I 1 4 ) = - A S ( 5 , I 1 3 )  
A S ( I 8 , I 1 0 ) - - A S ( I 7 , I 1 1 ) 
A S ( I 8 , I 1 5 ) » - A S ( I 7 , I 1 6 )
A S ( I 1 0 , 1 1 4 ) - - A S ( I 1 1 , 1 1 3 )  
A A - P F A C * S W X ( M T Y P E ) / 3 . / X L T  
BB- PFAC« S W Y ( M T Y P E ) / 3 . / X L T  
AS ( 1 , 6 ) -  - 7 . «AA 
A S ( 1 , 1 1 2 ) - -AA  
AS ( 1 , 1 1 7 ) »  8 . «AA 
AS ( 6 , 1 7 ) - -AA 
AS ( 6 , 1 1 3 ) - A S ( 1 , 1 1 7 )
AS ( 1 7 , 1 1 2 ) - A S ( 1 , 6 )
A S ( 1 7 , 1 1 7 ) - A S ( 1 , 1 1 7 )
A S ( I 1 2 , I 1 3 ) - A S ( 1 , 1 1 7 )
A S ( I 1 3 , I 1 7 ) - - 1 6 . « A A  
A S ( 2 , 6 ) - - 7 . « B B  
A S ( 2 , 1 1 2 ) » - BB 
A S ( 2 , I 1 7 ) - 8 . « B B  
A S ( 6 , I 8 ) - - B B  
A S ( 6 , I 1 4 ) - A S ( 2 , I 1 7 )  
A S ( I 8 , I 1 2 ) - A S ( 2 , 6 )  
A S ( I 8 , I 1 7 ) - A S ( 2 , I 1 7 )  
A S ( I 1 2 , I 1 4 ) » A S ( 2 , I 1 7 )
A S ( I 1 4 , I 1 7 ) » - 1 6 . « B B
A A - P F A C * I H ( M T Y P E ) / 3 . / X L T
A S ( 6 , 6 ) - 7 . «AA
A S ( 6 , 1 1 2 ) -AA
A S ( 6 , I 1 7 ) - - 8 . « A A
A S ( I 1 2 , I 1 2 ) - A S ( 6 , 6 )
A S ( I 1 2 , I 1 7 ) - A S ( 6 , I 1 7 )
AS ( 1 1 7 , 1 1 7 ) •  16 . «AA
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A A " F A C * F F ( M T Y P E ) / X L T  
AS( 3 , 3  ) *AA  
AS( 3 , I 9 ) • -AA
i  c f T o T 6 1 - A A

AA“ F A C * I X X ( M T Y P E ) / X L T / 3 .  
BB” F A C * I Y Y ( M T Y P E ) / X L T / 3.  
C C " P F A C * F F ( M T Y P E ) * X L T / 1 5 .  
AS( 5 , 5 ) »  7 . * A A + 2 . *CC  
AS( б , 1 1 1 ) " A A - 0 . 5  *CC  
A S ( 5 , 1 1 6 ) -  - 8 . * AA + CC 
AS( 1 1 1 , 1 1 1 ) - A S ( 5 , 5 )
A S d l l  , 1 1 6 )  - AS ( 5 , 1 1 6 )
AS ( 1 1 6 , 1 1 6 ) - 1 6 .  * AA + 8 .  *CC 
AS ( 4 , 4 ) “ 7 . *BB + 2 . * CC  
A S ( 4 , I 1 0 ) - B B - 0 . 5 * C C  
AS( 4 , 1 1 5 ) *  - 8 . *BB+CC  
A S ( I 1 0 , I 1 0 ) ” A S ( 4 , 4 )  
A S ( I 1 0 , I 1 5 ) - A S ( 4 , I 1 5 )
A S ( 1 1 5 , 1 1 5 ) -  1 6 .  *BB + 8 . *CC  
A A - - P F A C * S W X ( M T Y P E ) / 3 . 
B B - P F A C * S W Y ( M T Y P E ) / 3 .
AS( 5 , 6 ) • 3 . * A A / 2 .
AS( 5 , I 1 2 ) - A A / 2 .  
A S ( 5 , I 1 7 ) - - 2 . * A A  
A S ( 6 , I 1 1 ) “ - A S ( 5 , I 1 2 )  
A S ( 6 , I 1 6 ) * - A S ( 5 , I 1 7 )  
A S ( I 1 1 , I 1 2 ) - - A S ( 5 , 6 )  
A S d l l  , 1 1 6 ) "  AS ( 5 , 1 1 6 )  
A S d l l  , 1 1 7 ) -  - AS ( 5 , 1 1 7 )  
A S ( I 1 2 , I 1 6 ) * A S ( 5 , I 1 7 )
AS( 4 , 6 ) -  3 . « D B / 2 .
AS ( 4 , 1 1 2 ) =  BB/ 2 ,
AS ( 4 , 1 1 7 ) *  - 2 . *BB  
A S ( 6 , I 1 0 ) “ - A S ( 4 , I 1 7 )  
A S ( 6 , I 1 5 ) * - A S ( 4 , I 1 7 )  
A S ( I 1 0 , I 1 2 ) - - A S ( 4 , 6 )
AS( 1 1 0 , 1 1 7 ) " -  A S ( 4 , 1 1 7 )
DO 7 0 0  I - 1 , NUMPN( MT YPE)  
I I - N U M P N 1 ( MTYPE ) + I  
1 1 6 = 6 + 1
I I 1 2 - 1 2 + N U M P N ( M T Y P E ) +1 
AA» PFAC*  S F X ( 1 1 ) / 6 .
BB• PFAC*S F Y ( I I ) / 6 .
A S ( 1 , 1 1 6 ) - - 5 . *AA
A S ( 1 , 1 1 1 2 ) - - AA
AS( 1 1 6 , 1 7 ) - AA
A S ( I I 6 , I 1 3 ) “ 4 . * AA
A S ( 1 7 , 1 1 1 2 ) " - A S ( 1 , 1 1 6 )
AS( 1 1 1 2 , 1 1 3 ) " - A S ( I I 6 , 1 1 3 )  
AS( 2 , 1 1 6 ) “ - 5 . *BB  
AS( 2 , 1 1 1 2 ) - - BB 
AS ( 1 1 6 , 1 8 ) - BB 
A S ( I I 6 , I 1 4 ) " 4 . *  BB 
A S ( I 8 , I I 1 2 ) “ - A S ( 2 , I I 6 )
A S ( 1 1 1 2 , 1 1 4 ) - - A S ( 1 1 6 , 1 1 4 )  
A A - P F A C * I X B Y A ( I I ) / 6 .
AS( 6 , 1 1 6 ) " -  5 . *AA  
AS( 6 , I I 1 2 ) - - AA  
AS( 1 1 6 , 1 1 2 ) - AA 
A S ( I I 6 , I 1 7 ) - 4 . * AA 
A S ( I 1 2 , I I 1 2 ) - - A S ( 6 , 1 1 6 )
AS( 1 1 1 2 , 1 1 7 ) - - A S ( 1 1 6 , 1 1 7 )  
A A » - F A C * I X F ( I I ) / X L T  
B B » P F AC * S F X ( 1 1 ) * X L T / 6 .
C C - F A C * I Y F ( I I ) / XLT  
D D " P F A C * S F Y ( I I ) * X L T / 6 .
A S ( 5 , 1 1 6 ) - A A - B B  
AS ( 5 , 1 1 1 2 ) - - AA 
A S ( I I 6 , I 1 1 ) - A S ( 5 , I I 1 2 )
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A S ( 1 1 6 , 1 1 6 ) -  - 2 .  *BB 
AS ( 1 11 , 1 1 1 2 ) -  AS ( 5 , I I 6 )
A S ( 1 1 1 2 , 1 1 6 ) " AS( 1 1 6 , 1 1 6 )
A S ( 4 , I I 6 ) - C O D D  
AS( 4 , 1 1 1 2 ) » -CC  
A S ( I I 6 , I 1 0 ) - A S ( 4 , I I 1 2 )
AS ( 1 1 6 , 11 5 ) * 2 . *DD 
A S ( I 1 0 , I I 1 2 ) « A S ( 4 , I I 6 )
A S ( I I 1 2 , I 1 5 ) - A S ( I I 6 , I 1 5 )
DO 7 0 0  J - I , N U M P N ( M T Y P E )
I J  - NUMPN2( MTYPE)  + ( I  - 1 ) «NUMPN( M T Y P E ) - ( I - l ) « I / 2 + J  
J J 6 - 6 + J
J J 12 » 12+NUMPN(MTYPE)  + J 
A A = F A C » I F F ( I J ) / X L T  
B B = P F A C * I A A B B ( I J ) « X L T / 6 .
A S ( I I 6 , J J 6 ) - A A + 2 . * B B
A S ( I I 6 , J J 1 2 )  = -AA + BB
AS ( J J 6 , H  1 2 ) = A S ( I I 6 ,  J J 1 2 )

7 0 0  A S ( I I 1 2 , J J 1 2 ) - A S ( I I Ó , J J 6 )
GOTO 6 6 0

6 4 0  AA - 2 . * F A C * I X X ( M T Y P E ) / X L T / X L T / XLT  
A S ( 1 , 1 ) - 6 . *AA  
A S ( 1 , 1 7 ) -  - A S ( 1 , 1 )
A S ( 1 ,  5 ) -  3 . * A A * X L T  
AS( 1 , 1 1 1 ) ” A S ( 1 , 5 )
AS( 5 , 5 ) « 2 . * A A * X L T * X L T  
A S ( 5 , 1 T ) -  - A S ( 1 , 5 )
A S ( 5 , I 1 1 ) ” A A * X L T * X L T  
A S ( I 7 , I 7 ) - A S ( 1 , 1 )
AS( 1 7 , 1 1 1 ) *  - AS( 1 , 5 )
A S C l l l , 1 1 1 ) « A S ( 5 , 5 )
B B - 2 . * F A C * I Y Y ( M T Y P E ) / X L T / X L T / X L T  
A S( 2 , 2 ) -  6 . «BB 
A S ( 2 , 1 8 ) *  - A S ( 2 , 2 )
A S ( 2 , 4 ) * - 3 . * B B * X L T  
A S( 2 , 1 1 0 ) - A S ( 2 , 4 )
A S( 4 , 4 ) - 2 . * B B * X L T * X L T  
A S ( 4 , I 8 ) « - A S ( 2 , 4 )
A S ( 4 , I 1 0 ) - B B * X L T * X L T  
A S( I 8 , I 8 ) * A S ( 2 , 2 )
A S ( 1 8 , 1 1 0 ) -  - A S ( 2 , 4 )
A S ( 1 1 0 , 1 1 0 ) - AS( 4 , 4 )
A A - F A C * F F ( M T Y P E ) / X L T
AS( 3 , 3 ) - AA
AS( 3 , 1 9 ) - - AA
A ̂  f T Q T Q Ì ■ A A
A A - P F A C * I H ( M T Y P E ) / X L T
AS ( 6 , 6 ) - AA
AS ( 6 , 1 1 2 ) - - AA
AS ( 1 1 2 , 1 1 2 ) - AA
DO 7 1 5  I - 1 , N U M P N ( M T Y P E )
I I - N U M P N 1 ( MTYPE) +I  
I I 6 - 6 + I
I I 1 2 - 1 2 + N U M P N ( M T Y P E ) + I  
A A - P F A C * I X B Y A ( I I ) / 2 .
A S ( 6 , I I 6 ) - -AA  
A S ( 6 , I I 1 2 ) - - A A  
AS( 1 1 6 , 1 1 2 ) -AA  
A S ( I 1 2 , I I 1 2 ) -AA  
A A - F A C * I Y F ( I I ) / XLT 
A S ( 4 , 1 1 6 ) - AA 
A S ( 4 , 1 1 1 2 ) - - AA 
A S( 1 1 6 , 1 1 0 ) - -AA 
AS( 1 1 0 , 1 1 1 2 ) - AA 
B B- FAC * I X F ( I I ) / X L T  
A S ( 5 , 1 1 6 ) -  - BB 
AS( 5 , 1 1 1 2 ) -BB  
AS ( 1 1 6 , 1 1  D - B B
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A s d l l  , I I 1 2 ) = - B B  
DO 715  J - I , N U M P N ( M T Y P E )
I J - N U M P N 2 ( M T Y P E ) + ( I - 1 ) * N U M P N ( M T Y P E ) - ( I  - 1 ) * 1 / 2  + J 
J J 6 - 6 +  J
J J 1 2 - 1 2 + N U M P N ( M T Y P E ) + J 
A A - F A C * I F F ( I J ) / X L T  
B B - P F A C * I A A B B ( I J ) * X L T / 6  .
A S ( I I 6 , J J 6 ) - A A + 2 . * B B
A S ( I I 6 , J  J 1 2 )  = - AA + BB
AS ( J J 6 ,  I I 1 2 ) “ A S ( I I 6 , J J 1 2 )

7 1 5  A S ( I I 1 2 , J J 1 2 ) * A 5 ( I I 6 , J J 6 )
6 6 0  I F  ( K L I N . E Q . 0 )  GOTO 6 9 2

I F  ( K K S T E P . E O . 1 . A N D . I R E F . E O . 0 )  GOTO 592  
GOTO 591

5 9 2  DO 5 9 0  I - 1 , N S I Z E  
DO 5 9 0  J ' I , N S I Z E

5 9 0  A S( J , I ) -AS ( I  , J )
GOTO 742

591  NUN- NUMPN( MTYPE)
NUS- NUMPS( MTYPE)
NUN 1 - NUMPN1 ( MTYPE)
NUS 1 ' N U M P S 1 ( M T Y P E )
CALL S T I F N L  ( N U N , N U S , XX(NMN1 + 1 ) , YY( NUN1  + 1 ) , T S ( NMS 1 + 1 ) , I S N ( 2 * N M S 1 + 1 

1 ) , A S , R E , W A ( 1 , N ) , D I S P , B , B N L , K A S )
I F  ( I R E F . E O . 0 . A N D . NRORC. EO. 2 )  GOTO 7 3 9  
I F  ( I E Q R E F . E O . 1 . AND. NRORC. E O • 2 )  GOTO 7 3 9
I F  ( ( XCC. N E . 0 . 0 ) . O R . ( YCC. N E . 0 . 0 ) )  CALL TRANPC ( D I S P , R E , 2 )
DO 7 3 2  1 - 1 , 1 2  
I I - I C ( I )

7 3 2  X M ( I I ) - R E ( I I )
DO 7 3 3  1 - 1 , 1 0 , 3  
I I - I C ( I )
DO 7 3 3  J - 1 , 3  
T E M P - 0 . 0  
I  I * 1 1  + J - 1 
DO 7 3 4  K-  1 , 3  
I K - I I + K - 1

7 3 4  TEUP- TEUP + T T T ( K , J ) * X U ( I K )
7 3 3  R E ( I J ) - T E U P  

UADR-N3
I F  ( I C O U N T . E O . 3 )  UADR- N5
CALL ADDBAN ( NUAX, A ( UADR) , A ( N 1 ) , S , R E , LM( 1 , N ) , 2 )

7 3 9  I F  ( I COUNT - 2 )  7 4 0 , 7 4 0 , 7 1  1
7 4 0  I F  ( I R E F )  7 1 0 , 7 4 2 , 7 1 0  
7 4 2  K - 0

I F  ( I E L E . E O . l )  CALL ENDREL ( A S , SREL( 1 , N ) , D I  S P , N S I Z E , 2 , KM)
CALL TRAN SF ( X Y Z ( 1 , N ) , A S , B S , T T T , D I  S P , PDI  S P ( 1 , N ) , G AMA( N) , NUMPN(MTYP  

1 E ) , 2 , KAS)
DO 7 4 5  I - 1 ,NMAX 
DO 7 4 5  J - I , N M A X  
K- K+  1

7 4 5  S ( K ) - A S ( I , J )
CALL ADDBAN ( NMAX, A ( N 4 ) , A(N 1 ) , S , R E , LM( 1 , N ) , 1 )
GOTO 7 1 0

711  GAMA( N ) -GAMAE 
7 1 0  CONTI NUE  

RETURN
8 0 0  I COUNT * 3 

I P R N T - 0
DO 8 5 5  N - 1 ,NUME 
I P S T - I P S ( N )
I F  ( I P S T . E Q . 0 )  GOTO 8 5 5  
I P R N T - I P R N T + 1 
I F  ( I P R N T . N E . l )  GOTO 894  
WRI TE ( 3 , 2 0 2 5 )

8 9 4  MTYPE- MATP( N )
XCC- XC( MT YPE)
Y C C - Y C ( U T Y P E )
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DO 797  1 - 1 , 6  
I C ( I ) - I

7 9 7  I C ( 6 + I ) = 6 + N U M P N ( M T Y P E ) +1 
E Y - E ( M T Y P E )
XNU- G( MTYPE)
F A C - E Y / ( 1 . - XNU * XNU)
PFAC"EY/  ( 2 . * ( 1 . + XNU) )
NMAX = 1 2 * 2 * N U M P N ( M T Y P E )
N SI Z E  = 17 +2*NUMPN( MTYPE)
I F  ( I E L E . E 0 . 2 )  N S I Z E - N MAX  
DO 8 1 0  1 - 1 , 3  
DO 8 1 0  J - 1 , N S I Z E  

8 1 0  B ( I , J ) - 0 . 0  
DO 8 2 0  1 - 1 , 7  
DO 8 2 0  J = 1 , N SI Z E  

8 2 0  B N L ( I , J ) - 0 . 0
DO 8S6 I - 1 ,NMAX 
D I S P ( I ) = 0 .
I P - L M ( I , N )
I F  ( I P . E Q . 0 )  GOTO 8 56  
D I S P d  ) - D I D (  I P )

8 6 6  CONTI NUE
CALL LENGTH ( X L T , X Y Z ( 1 , N ) )
CALL TRAN SF ( X Y Z ( 1 , N ) , A S , B S , T T T , D I  S P , PDI  S P ( 1 , N ) , GAMA( N ) , NUMPN( MTYP 

1 E ) , 1 , KAS)
GAMAE=GAMA(N)
CALL TRAN SF ( X Y Z ( 1 , N ) , A S , B S , T T T , D I  S P , PDI  S P ( 1 , N ) , GAMA( N ) , NUMPN( MTYP 

1 E ) , 3 , KAS)
DO 8 6 3  I « 1 , N M A X  

8 6 3  D I S P ( I ) - D I S P ( I ) - P D I S P ( I , N )
DO 8 7 0  1 - 1 , 1 0 , 3  
I I - I C ( I )
DO 8 7 0  J » 1 , 3
I J - I I + J - 1
T E M P - 0 .
DO 871 K - 1 , 3  
I K - I I + K - 1

871 TEMP=TEMP+T T T 1 ( 3 * ( K - 1 ) ♦ J , N ) * D I S P ( I K )
8 7 0  X U ( I J ) - T E U P

DO 8 7 3  1 = 1 , 1 2  
I I - I C ( I )

873  D I S P ( I I ) - X M d l )
I F  ( ( X C C . N E . 0 . 0 ) . O R . ( Y C C . N E . 0 . 0 ) )  CALL TRANPC ( D I S P , R E , 1)
I F  ( I E L E . E O . l )  CALL ENDREL ( A S , SREL ( 1 , N ) , D I  S P , N S I Z E , 3 , KM)
I S T R E S - 0
I F  ( NTABLE)  8 6 2 , 8 6 2 , 8 6 5  

8 6 2  W R I T E ( 3 , 2 0 2 6 )  N 
NMN-NUMPN( MTYPE)
NMS-NUMPS(MTYPE)
NMN1-NUMPN1C MTYPE)
NMS1=NUMPS1(MTYPE)
CALL S T I F N L  ( NMN, NMS, X X ( NMN1 + 1 ) , Y Y ( N M N 1  + 1 ) , T S ( N M S 1  + 1 ) , I S N ( 2 «NMS 1 + 1 

1 ) , A S , R E , W A ( 1 , N ) , D I S P , B , B N L , K A S )
GAMA( N ) * GAMAE 
GOTO 8 5 5  

8 6 5  I STRES = 1
W R I T E ( 3 , 2 0 2 6 )  N 
L - I  PST
DO 8 6 7  K - 1 , J TABLE  
M = I T A B L E ( L , K )
I F  ( M)  8 5 5 , 8 5 5 , 8 6 8  

8 6 8  I l - M / 1 0 0 0 0
1 1 -  M - I 1 « 1 0 0 0 0  
1 3 - 1 1 /  100  
1 1 1 = 1 1 - 1 3 * 1 0 0
1 2 -  I I I / 1 0  
1 4 = 1 1 1 - 1 2 * 1 0
I S T = 4 * ( 3 * ( ( I 2 - 1 ) + I N T S * ( ( 1 3 - 1 ) +NUMPS( MTYPE) * ( I 1 - 1 ) ) ) + I 4 - 1 ) + 1
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867

IST-IST+1 
I S T R E S “ 1ST  
N UN' NUUPN( UTYPE)
NU S ' N U U P S ( U T Y P E )
NUN 1 - NUUPN1 ( UT YP E)
NUS 1 ' N U U P S 1 ( UT Y PE)
CALL S T I F N L  ( NUN , NMS , X X ( NUN 1 + 1 ) , YY( NUN1  + 1 ) , T S ( NUS 1 + 1 ) , I S N ( 2 * N U S 1 + 1 

1 ) , A S , R E , W A ( 1 , N ) , D I S P , B , B N L , K U )
GAUA( N) - GAUAE

8 5 5  CONTI NUE  
RETURN 

1 0 0 0  FORUAT 
1 0 1 0  FORUAT
1 01 5  FORUAT
1 01 6  FORUAT 
1 0 2 0  FORUAT 
2 0 0 0  FORUAT 
2 0 1 0  FORUAT

1 = , I 5 / 5 6 H  
2 5 )

2 0 1 5  FORUAT 
1 , E 1 0 . 3 

2 0 2 0  FORUAT 
2 0 2 5  FORUAT

( 2 F 1 0 . 0 )
( 2 I 5 , F 1 0 . 0 )
( 1 6 1 5 )
( 6 F 1 0 . 0  )
( 1 6 1 5 )
( 1 8 H  GRUPA ELEMENATA - , 1 3 / 1 H + , 2 0 ( I H - ) / / / ) 
( 56H BR. CVOROVA POLIGONALNOG PRESEKA 

BR. STRANA POLIGONALNOG PRESEKA . . .
(NUMPN)  

( N UUPS)

3HXC =

2 0 2 6
2 0 3 0
2 0 4 0
2 0 5 0
2 0 6 0

( / / 4 7 H  RASTOJANJE T E Z I S T A  OD S I STEUNE TACKE PRESEKA:
2 X , 3 H Y C = , E 1 0 . 3 )
( / / 5H CVOR, 7 X , 10HKOORDI NAT E/ 1 2 X , 1 HX , 8 X , 1 HY)
( I H  , 1 7 X , 28HP R O R A C U N  N A P O N  A / /

1 1 X , 7 HE L EUENT , 2 X , 8HLOKACI J A , 1 3 X , 20HKOUPONENTALNI  N A P O N I / 1 0 X ,
28HZ SP S E , 8 X , 2 H Z Z , 1 2 X , 2 H Z X , 1 2  X , 2 H Z Y )

( / I X , 1 5 )
( 1 X , I 3 , 3 X , 2 F 9 . 3 )
( / / 7H S T R A N A , 3 X , 6 H 1 . C V O R , 3 X , 6 H 2 . C V O R , 3 X , 1 3 H D E B L J I N A  Z I D A / )  
f  1 Y T i  F  Y  T i  F  Y T i  F  Y  F I O F i

( / / 2 4 H  * UODUL' EL AST I CNOS TI  E ■ , E 1 2 . 5 / 24H POI SONOV K O E F I C I J E
E 1 2 . 5 / 2 2 H  POVRSINA PRESEKA A - , E 1 2 . 5 / 2 2 H  MOUENAT I N E R C I J E  I

FORUAT 
FORUAT 
FORUAT 
FORUAT 
FORUAT 

1 NT G-
2 X X = , E 1 2 . 5 / 2 2 H  UOUENAT I N E R C I J E  I  Y Y = , E 1 2 . 5 / 2 2 H  UOUENAT I N E R C I J E  I X Y
3 = , E 1 2 . 5 / 5H I H ' , E 1 2 . 5 / 5 H  SWX' , E 1 2 . 5 / 5H SWY» , E 1 2 . 5 / / )

2 0 7 0  FORUAT ( 5H CVOR, 6 X , 3 H S F X , 9 X , 3 H S F Y , 9 X , 3 H I X F , 9 X , 3 H I Y F , 6 X , 9 H I X F Y - 1YFX

( I 4 , 2X, 5E12 .4)
( / / 4 H  I F F / 4 H + ------ / )
( /  /  12H I F X F X  + I F Y F Y / 1 2 H  +-------------------------/ )
( 8 E 1 1 . 3 )
( / / / )
( 5H S T A P , 3 X , 6HCVOR I , 3 X , 6 H C V O R  J , 3 X , 6 H C V O R  K 
( I 4 , 4 X , I 4 , 5 X , I 4 , 5 X , I 4 , 5 X , I 3 )
( / / 48H STAP VEZA LOKALNE I  GLOBALNE
( 1 4 , I X , 1 9 1 4 )

1 / )
2 0 8 0 FORUAT
2 0 9 0 FORUAT
2 1 0 0 FORUAT
2 1 2 0 FORUAT
2 1 3 0 FORUAT
2 1 4 0 FORUAT
2 1 5 0 FORUAT
2 1 6 0 FORUAT
2 1 7 0 FORUAT

END

3 X , 5 H G R U P A / ) 

U ATRI CE K R U T O S T I / )

SUBROUTINE COLHT ( U H T , N D , LU)  
D I U EN SI O N  L U ( 1 ) , UH T ( 1 )
L S " 1 0 0 0 0 0  
DO 100  1 = 1 ,  ND 
I F  ( L U ( I ) )  1 1 0 , 1 0 0 , 1 1 0  

110  I F  ( L U ( I ) - L S )  1 2 0 , 1 0 0 , 1 0 0  
120  L S - L U ( I )
1 00  CONTI NUE

DO 2 0 0  I  = 1 ,ND 
I I - L U ( I )
I F  ( I I . E O . 0 )  GOTO 2 0 0  
U E - I I - L S
I F  ( U E . G T . U H T ( I I ) )  M H T d D - M E  

2 0 0  CONTI NUE  
RETURN 
END

SUBROUTINE ADDRES ( U A X A , U H T )
COUUON / S O L /  NUUNP , N BOUN, NEQ, UAXEST, NWK, U K , N S T E , I E L E  
D I U E N S I O N  U A X A ( 1 ) , MHT( 1 )
NN = NEQ+ 1
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DO 2 0  I  - 1 ,NN 
20  M A X A ( I ) * 0  

M A X A ( 1 ) - l  
M A X A ( 2 ) *2  
MK = 0
I F  ( N E Q . E Q . l )  GOTO 100  
DO 10 I  »2 , NEO
I F  ( M H T U )  . G T . MK )  MK=MHT( I ) 

10 M A X A d + 1 ) “M A X A ( I ) +M H T ( I ) +1 
100  MK*MK+1

NWK *MAXA(NEQ + 1 ) - M A X A ( 1)
RETURN
END

SUBROUTINE CLEAR ( A , N)  
DI MENSI ON A ( 1)
DO 10 I - 1 ,N 

10 A ( I ) - 0 . 0  
RETURN 
END

SUBROUTINE ASSEM
COMMON / V A R /  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E  , I E Q R E F , I R E F , KKSTEP 
COMMON / D I M /  N 1 , N 2 , N 3 , N 4 , N 5 , N 6 , N 7 , N 8 , N 9 , N 1 0 , N 1 1 , N 1 2  , N 1 3 , N 1 4  
COMMON / S O L /  NUMNP, NBOUN, NEO, MAXEST, NWK, M K , N S T E , I E L E  
COMMON A ( 1)
I F  ( K S T E P . G T . l )  GOTO 10 
NN* N7  +M A X E S T - 1 
REWIND 5
READ( 5 )  ( A ( I ) , I ' N 7 , N N )

10 CALL ELEMNT 
RETURN 
END

SUBROUTINE LENGTH ( X L T , X Y Z )  
IM P L IC IT  REAL* 8  ( A - H , 0 - Z )  
D IM EN SIO N  X Y Z ( l )
XX « 0 .
DO 10 L * 1 , 3  
D * X Y Z ( L ) - X Y Z ( L + 3 )

10 XX“ X X +D*D
X L T - D S O R T ( X X )
RETURN
END

SUBROUTINE S T IF N L  ( NUMPN, NUMPS, X X , Y Y , T S , I S N , A S , R E , WA, D I S P , B , B N L , KA 
1S)

IM P L IC IT  REAL * 8  ( A - H , 0 - Z )
COMMON / V A R /  MODEX, KSTEP,  I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , K K S T E P
COMMON / E L /  I N D , I COUNT, NUMMAT, M T O T , I  TWO, NUME, NUM 1 , NUM2 , NUM3, K L I N
COMMON / P O S /  I l  , I 2 , I 3 , I 4 , I S T R E S
COMMON / S T N L /  X L T , Z O L , SOL, F AC, P F A C , I N T Z , I NT S
COMMON / T A B L E /  NT ABLE, TTABLE
COMMON / B T R AN S /  D X Y Z ( 9 ) , X L N , E P S , EPS 1
COMMON /IC C O M / I C C ( 2 1 )
COMMON / B E L S T R /  S I G ( 4 )
COMMON / S O L /  N U MN P , N B O U N , N E O , MA X E S T , N W K , MK , N S T E , I E L E  
COMMON / 1 C /  I C ( 1 2 ) , X C , YC
COMMON / C R I S /  D P , DPSUM, DPO, DL , D E T E R , NRORC, A 1 , A 4 , W C 1 , WC2 , K L KR, NPP 
REAL * 8  LL
D IM EN SIO N  A S ( K A S , 1 ) , X X ( 1 ) , Y Y ( 1 ) , T S ( 1 ) , I S N ( 1 ) , B ( 3 , 1 ) , B N L ( 7 , 1 ) , 

1 D I S P ( 1 ) , W I ( 7 , 7 ) , R E ( 1 ) , W A ( 1 ) , D L L ( 3 )
DATA W I / 1 . 0 D 0 , 1 3 * 0 . 0 D 0 , 0 . 6 6 6 6 6 6 6 6 6 6 6 7 D 0 , 2 * 0 . 1 6 6 6 6 6 6 6 6 6 6 7 D 0 ,

1 1 1 * 0 . 0 D 0 , 0 .  1 3 3 3 3 3 3 3 3 3 3 3 D 0 , 2 * 0 .  3 5 5  5 5 5  5 5 5 5 5 6 D 0 , 2 * 0 . 7 7 7 7 7 7 7 7 7 7 7 8 D - 1 ,
2 2 * 0 . 0 D 0 , 7 * 0 . 0 D 0 , 0 . 3 2 3 8 0 9 5 2 3 8 1 D 0 , 2 * 0 . 3 2 1 4 2 8 5 7 1 4 2 9 D - 1 ,
3 2 * 0 . 2 5 7 1 4 2 8 5 7 1 4 3 D 0 , 2 * 0 . 4 8 8 0 9 5 2 3 8 8 1 D - 1 /

I F  ( ( X C . E O . 0 . 0 ) . A N D . ( Y C . E O . 0 . 0 ) )  GOTO 1 
X L N 1 ”W A ( 1)
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*  DO 5 I  - 1 , 3
« 5 D L L ( I ) * D I S P ( I +6 +NUMPN) - D I S P ( I )
*  A D U M * ( X L N 1 +D L L ( 3 ) ) * * 2 +D L L ( 2 ) * D L L ( 2 )
*  ADUM -DSQRT(ADUM )
« XL N2 = A DU M* A DU M+ D L L ( 1 ) * D L L (  1 )
« XLN2 = DSQRT( XLN2 )
* E P S 1 = ( X L N 1 - X L T ) / X L T
* E P S * ( X L N 2 - X L T ) / X L T
■ GOTO 2

1 EPS 1 = W A ( 1 )
E P S - ( X L N - X L T ) / X L T

2 DO 6 0  1 - 1 , 6  
I C C ( I ) - I

60  I C C ( 8 + I ) = 6 +NUMPN+I  
DO T 0  1 - 1 , 5

T0 I C C ( I +  1 6 ) =2*NUMPN+ 12 + 1 
I F  ( I S T R E S )  4 9 , 4 9 , 1 0  

10 Z O L * ( ( -  1 ) * * I 1 ) / D B L E ( F LOAT( I N T Z - 1 ) )
L I - 1 1 / 2
Z O L - Z O L * L 1 + 0 . 5  
I C I « I S N ( 2 * I 3 -  1 )
I C 2 * I S N ( 2 * I 3 )
T T - T S C I 3 )
X 2 = X X ( I C 2 )
X 1 - X X C I C 1  )
Y 2 * Y Y ( I C 2 )
Y 1 - Y Y ( I C I )
L L ' D S O R T ( ( X 2 - X 1 ) « ( X 2 - X 1 ) + ( Y 2 - Y 1 ) * ( Y 2 - Y 1 ) )
C O S - ( Y 2 - Y 1 ) / L L
S I N  - ( X 1 - X 2 ) / L L
I C C ( 7 ) -  6 + I C I
I C C ( 8 ) =  6 + I C 2
I C C ( 1 5 ) ” 1 2 t NUtóPN+I C l
I C C ( 1 6 ) = 1 2 +NUMPN+I C 2
S O L - ( ( -  1 ) * * 1 2 ) / D B L E ( F LOAT( I NTS - 1 ) )
L 2 - I 2 / 2
S O L - S O L * L 2 +0 . 5 
S O L X - X l + ( X 2 - X l ) * S O L  
S O L Y - Y 1 ♦ ( Y 2 - Y 1 ) «SOL  
EOL « ( ( - 1 ) * * I 4 ) / D B L E ( 2 . 0 )
L 3 - I 4 / 2
EO L - EOL »L3 * T T
SOL 1X- SOLX + EOL * COS
S O L Ì Y - S O L Y *  EOL*  S I N
CALL SHAPE ( SOL 1X , SOL 1Y , E O L , L L , COS, S I N , B , BNL ) 
I S T - I S T R E S
CALL BELPAL ( WA( I S T ) , D I S P , B )
W R I T E ( 3 , 2 0 0 0 )  I I , 1 3 , 1 2 , 1 4 , ( S I G ( I ) ,  I  -  1 , 3 )  
RETURN 

49 1ST - - 2
DO 1 0 0  I  1 » 1 , I N T Z
Z O L - ( ( -  1 ) * * I 1 ) / D B L E ( F LOAT( I N T Z - 1 ) )
L l - I l / 2
Z O L - Z O L * L 1 +0 . 6  
DO 105  1 3 - 1 , NUMPS 
I C I - I S N ( 2 * I 3 - 1)
I C 2 » I S N ( 2 * I 3 )
T T - T S ( I 3 )
X 2 -  X X ( I C 2 )
X I - X X ( I C I )
Y 2 - Y Y ( I C 2 )
Y 1 - Y Y ( I C I )
L L - D S Q R T C ( X 2 - X 1 ) * ( X 2 - X 1 ) + ( Y 2 - Y 1 ) * ( Y 2 - Y 1 ) )
COS“ ( Y 2 - Y 1 ) / LL 
S I N * ( X I - X 2 ) / L L  
I C C ( T ) - 6 + I C 1  
I C C ( 8 ) -  6 + I C 2  
I C C ( 1 5 ) * 1 2 +NUMPN+I C 1
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IC C (  1 6 )  * 1 2 * N U M P N * I C 2  
D E L V - X L T « T T * L L  
DO 110  1 2 * 1  , I NT S
S O L - ( ( -  1 ) * * 1 2 ) / DBL ECFLOAT( I N T S - 1 ) )
L 2 - I 2 / 2
SOL * SOL«L2 + 0 . 5
SOLX* X 1 + ( X 2 - X 1 ) «SOL
S O L Y - Y 1 ♦ ( Y 2 - Y 1 ) «SOL
DO 115  1 4 - 1 , 3
EOL * ( ( -  1 ) « * I 4 ) / D B L E ( 2 . 0 )
L 3 - I 4 / 2  
EO L * E O L « L 3 « T T  
SOL I X *  SOLX + EOL«COS 
SOL 1Y - S O L Y + EO L* S IN
CALL SHAPE ( SOL 1X , SOL 1Y , E O L , L L , C O S , S I N , B , B N L )
I S T - I S T + 4
CALL BELPAL ( WA( I S T ) , D I  SP , B )
I F  ( NTA B L E . E O . 0 . AND. I S T R E S . E O . 0 )  GOTO 1 2 0  
W F A C - W I ( I 1 , I N T Z )  «V»I( 1 2 ,  I N T S )  « WI (  1 4 , 3 )  «DELV  
T A U 1 3 - S I G ( 2 )
T AU 2 3 - S I G ( 3 )
I F  ( I R E F . E O . 0 . AND. NRORC. EO.  2 )  GOTO 3 2 3  
I F  ( I E Q R E F . E O . 1 . AND. NRORC. E O . 2 )  GOTO 3 2 3  
TAU33 - S I G ( 4 )
DO 3 2 4  L - 1 , 2  
DO 3 2 4  I -  1 , 4 , 3  
DO 3 2 4  K * I , 2 * 1  
K L * ( L - 1 ) * 8 +K 
J - I C C ( K L )
TEMP” B ( 1 , J ) * T A U 3 3 + B ( 2 , J ) «TAU13+BC 3 ,  J ) «TAU2 3

3 2 4  R E ( J ) = R E ( J ) +TEMP»WFAC 
T A U 3 3 - S I G ( 1 ) - S I G ( 4 )
DO 3 2 5  1 - 1 , 2
K = ( I  - 1 ) «8 + 3 
J - I C C ( K )
T E M P - B ( 1 , J ) «TAU33 + B( 2 , J ) « T A U 1 3 + B ( 3 , J ) «TAU2 3

3 2 5  R E ( J ) = R E ( J ) + T E M P « WF A C  
3 2 3  I F  ( I C O U N T . G T . 2 )  GOTO 115

I F  ( I R E F . N E . 0 )  GOTO 116
3 2 6  TAU33= S I G ( 1)

K - 2 1
I F  ( I E L E . E 0 . 2 )  K - 1 6  
DO 4 0 0  I - 1 , K  
I I - I C C ( I )
DO 4 0 0  J - I , K  
J J “ I C C ( J )
TEMP- ( B N L ( 5 , 1 1 ) *BN L ( 5 , J J ) + B N L ( 6 , I I ) « B N L ( 6 , J J ) + B N L ( 7 , I I ) « B N L ( 7 , J J ) )  

1 »TAU33 + ( BN L ( 1 , I I ) « B N L ( 6 , J J ) + B N L ( 2 , I I ) * B N L ( 7 , J J ) + B N L ( 6 , I I ) « B N L ( 1 , J J 
2 ) + B N L ( 7 , I I ) * B N L ( 2 , J J ) ) «TAU 13♦ ( BN L ( 3 , 1 1 ) « BN L ( 5 , J J ) + BNL( 4 , 1 1 ) « BNL( 7 ,  
3 J J ) +B N L ( 5 , I I ) « B N L ( 3 , J J ) + B N L ( 7 , 1 1 ) « B N L ( 4 , J J ) ) «TAU23  

A S C I I , J J ) =A S ( I I , J J ) +TEMP«WFAC 
4 0 0  CO NTINUE

I F  ( N T A B L E . N E . 0 . O R . I S T R E S . N E . 0 )  GOTO 115  
120  W R I T E ( 3 , 2 0 0 0 )  I 1 , I 3 , I 2 , I 4 , ( S I G ( I ) , 1 = 1 , 3 )
115  CO NTINUE  
110  CO NTINUE  
105 CO NTINUE  
100  CO NTINUE

I F  ( I S T R E S . G E . 0 )  RETURN 
I F  ( I C O U N T . G T . 2 )  RETURN
I F  ( ( X C . N E . 0 . 0 ) . O R . ( Y C . N E . 0 . 0 ) ) EPS = XLN2  
W A ( 1 ) - E P S
I F  ( I R E F )  3 5 1 , 3 6 9 , 3 5 1  
L -  17 + 2«NUMPN 
I F  ( I E L E . E 0 . 2 )  L - L - 5  
DO 3 5 0  1 - 2 , L 
K- I  - 1
DO 3 5 0  J - 1 ,K

369
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3 5 0  AS( I , J ) * A S ( J , I )
351 CO NTINUE  

RETURN
2 0 0 0  FORMAT ( 9 X , I 2 , I 3 , 2 I 2 , 2 X , 3 E 1 4 . 6 )  

END

SUBROUTINE SHAPE ( SO LX, SO LY, EOL, L L , C O S , S I N , B , B N L )
IM P L IC IT  R E A L * 8  ( A - H , 0 - Z )
COMMON / S T N L /  X L T , Z O L , SOL, F A C , P F A C , I N T Z , I N T S  
COMMON /IC C O M / L ( 2 1 )
COMMON / E L /  I N D , I COUNT, NUMMAT, MTOT, I T W O , NUME, NUM 1 , N U M 2 , NUM3, KL I N  
COMMON / SO L /  NUMNP, NBOUN, NE Q, MAXEST, N W K , M K , N S T E , I E L E  
REAL«8 LL
D IM EN SIO N  B ( 3 , 1 ) , B N L ( 7 , 1)
HN = S O L X * S I N - S O L Y « C O S
DWX= HN »COS +EOL * S I N
DWY-HN * S I N  - EOL»COS
W=HN«EOL
F I « ( 1 .  - SOL) / XLT
F 2 = S O L / X L T
I F  ( I E L E . E O . 2 )  GOTO 2 0  
R1 - ( - 3 . ♦ 4 . « Z O D / X L T  
R2 * ( -1 . + 4 .  » Z O D / X L T  
R3 = 1 . - 3 . » Z O L + 2 . «ZO L*ZO L  
R4 = ( 1 . - 2 . » Z O L ) »ZOL 
R 5 -  ( 4 .  - 8  . « Z O D / X L T  
R 6 - ( 1 . - Z O L ) « Z O L « 4 .
B ( 1 , 3 ) -  - 1 . / X L T  
B ( 1 , 4 ) = SOLY «R 1 
B ( 1 , 5 ) = - SOLX * R 1 
B ( 1 , 6 ) ■ -  4 « W / X L T / XLT  
B ( 1 , L ( 1 1 ) ) - - B ( 1 , 3 )
B ( 1 , L ( 1 2 ) )  = SOLY * R2  
B ( 1 , L ( 1 3 ) )  = - SOLX »R2  
B( 1 , L ( 1 4 ) ) - B ( 1 , 6 )
B( 1 , L ( 1 9 ) ) *  SOLY *R 5  
B ( 1 , L ( 2 0 ) ) = - S O L X * R 5  
B( 1 , L ( 2 1 ) )  = - 2 . * B ( 1 , 6 )
B ( 2 , 1 ) = R 1  
B ( 2 , 5 ) = - R 3
B ( 2 , 6 )  = - ( S O L Y  + DWX) » R 1
B ( 2 , L ( 9 ) ) = R 2
B ( 2 , L ( 1 3 ) ) = R 4
B ( 2 , L ( 1 4 ) )  = - ( SOLY + DWX) «R2
B( 2 , L ( 1 7 ) ) = R 5
B ( 2 , L ( 2 0 ) ) = - R6
B ( 2 , L ( 2 1 ) ) = - ( SOLY+DWX) * R5
B ( 3 , 2 ) * R 1
B ( 3 , 4 ) = R 3
B ( 3 , 6 ) = ( S O L X - D W Y ) « R l
B ( 3 , L ( 1 0 ) ) - R 2
B ( 3 , L ( 1 2 ) ) = - R 4
B ( 3 , L ( 1 4 ) ) = ( SO LX- DWY) «R2
B ( 3 , L ( 1 8 ) ) = R 5
B ( 3 , L ( 1 9 ) ) =R6
B ( 3 , L (  2 1 ) )  = ( SO L X - D WY ) * R 5
B ( 1 , L ( T ) ) - - F 1
B ( 1 , L ( 8 ) ) = - F 2
B ( 1 , L ( 1 5 ) ) =  F 1
B ( 1 , L ( 1 6 ) ) “ F2
B ( 2 , L ( 7 ) ) = S I N « (  1 . - Z O D / L L
B ( 2 , L ( 8 ) ) = - B ( 2 , L ( 7 ) )
B ( 2 , L ( 1 5 ) ) = S I N  « Z O L / LL 
B ( 2 , L ( 1 6 ) ) » - B ( 2 , L ( 1 5 ) )
B ( 3  , L(  7 )  ) = - C O S * (  1 - Z O D / L L  
B ( 3 , L ( 8 ) ) = - B ( 3 , L ( 7 ) )
B ( 3 , L ( 1 5 ) )  = - COS « Z O L / L L  
B ( 3 , L ( 1 6 ) ) = - B ( 3 , L ( 1 5 ) )
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I F  ( K L I N . E O . 0 )  GOTO 10
BN L ( 1 , 6 ) « R 3
B N L ( 1 , L ( 1 4 ) ) = - R 4
BNL( 2 , 5  ) * - R3
BNL ( 2 , 6  ) ' - DWX* R1
BN L ( 2 , L ( 1 3 ) ) » R4
B N L ( 2 , L ( 1 4 ) ) - -DWXKR2
B N L ( 3 , 6 ) = - R 3
BNL( 3 , L ( 1 4 ) ) =R4
BNL ( 4 , 4  ) =R3
BNL ( 4 , 6  ) ' - DWY * R 1
B N L ( 4 , L ( 1 2 ) ) ■ - R4
B N L ( 4 , L ( 1 4 ) ) “ - DWY *R2
BNL( 6 , 1 )  «R1
B N L ( 5 , 6 ) • - SOLY * R 1
B N L( 5 , L(  9 ) ) «R2
BNL( 5 , L ( 1 4 ) ) ' - SOLY *R2
BN L ( 6 , 2 ) =  R 1
B N L ( 6 , 6 ) = S O L X * R l
B N L ( 6 , L ( 1 0 ) ) = R 2
BN L ( 6 , L ( 1 4 ) ) ' SOLX *R2
B N L ( 7 , 3 ) - - 1 . / X L T
B N L ( 7 , 4 ) ' - B N L ( 5 , 6 )
B N L ( 7 , 5 ) ' - B N L ( 6 , 6 )
B N L ( 7 , 6 ) » - 4 * W / X L T / X L T
B N L ( 7 , L ( 1 1 ) ) * 1 . / X L T
B N L ( 7 , L ( 1 2 ) )  = - BN L ( 5 , L ( 1 4 ) )
B N L ( 7 , L ( 1 3 ) ) - - B N L ( 6 , L ( 1 4 ) )
BN L ( 7 , L ( 1 4 ) ) » B N L ( 7 , 6 )  
B N L ( 2 , L ( 7 ) )  = S I N * ( 1  . - Z O D / L L  
B N L ( 2 , L ( 8 ) ) » - B N L ( 2 , L ( 7 ) )
B N L ( 2 , L ( 1 5 ) ) ' S I N * Z O L / L L
B N L ( 2 , L ( 1 6 ) ) = - B N L ( 2 , L ( 1 5 ) )
B N L ( 4 , L ( 7 ) ) = -  GO S * ( 1 . - Z O D /L L
B N L ( 4 , L ( 8 ) ) ' - B N L ( 4 , L ( 7 ) )
B N L ( 4 , L ( 1 5 ) ) ' - C O S * Z O L / L L
B N L ( 4 , L ( 1 6 ) ) “ - B N L ( 4 , L (  1 5 ) )
B N L ( 7 , L ( 7 ) ) *  - F 1
BNL( 7 , L ( 8 ) ) = - F 2
B N L ( 7 , L ( 1 5 ) ) » F 1
B N L ( 7 , L ( 1 6 ) ) » F 2
BNL(1 , L ( 2 1 ) ) « R 6
BNL( 2 , L ( 2 0 ) ) - - R6
B N L ( 2 , L ( 2 1 ) ) ' - D W X * R 5
B N L ( 3 , L ( 2 1 ) ) ' - R 6
B N L ( 4 , L ( 1 9 ) ) » R 6
B N L ( 4 , L ( 2 1 ) )  = - DWY *R5
B N L ( 5 , L ( 1 7 ) ) ' R 5
BNL( 5 , L ( 2 1 ) ) « - SOL Y* R6
B N L ( 6 , L ( 1 8 ) ) » R 6
B N L ( 6 , L ( 2 1 ) ) ' S O L X * R 5
B N L ( 7 , L ( 1 9 ) ) - - B N L ( 5 , L ( 2 1  ) )
B N L ( 7 , L ( 2 0 ) ) ■ -  BNL( 6 , L ( 21  ) )
B N L ( 7 , L ( 2 1 ) ) = - 2 . * B N L ( 7 , 6 )
GOTO 10

2 0  R 1 « ( 6 .  - 1 2 . * Z O L ) / X L T / XLT 
R 2 » ( 4 .  - 6 .  « Z O D / X L T  
R 3 -  ( 2 .  - 6 .  » Z O D / X L T  
R 4 ' ( 6 . » Z O L - 6 . * Z O L * Z O L ) / X L T  
R5« - 1 . + 4 . « Z O L - 3 . * Z OL * Z OL  
R 6 - 2 . # Z O L - 3.  *Z O L *Z O L  
B( 1  , 1 ) ' S O L X * R l  
B( 1 , 2 ) ' SO LY * R 1 
B (1 , 3 ) ' - 1 . / X L T  
B ( 1 , 4 ) « - SOLY *R2  
B ( 1 , 5 ) ' S O L X * R 2  
B ( 1 , L ( 9 ) ) ' - B ( l , l )
B ( 1 , L ( 1 0 ) ) ' - B ( 1 , 2 )
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B ( 1 , L ( 1 1 ) ) * - B ( 1 , 3 )
B( 1  , L ( 1 2 ) ) * - S O L Y « R 3  
B (1 , L ( 1 3 ) ) - S 0 L X * R 3  
B ( 1 , L ( 7 ) ) « - F 1  
B( 1 , L ( 8 ) ) «  - F2  
B ( 1 , L ( 1 6 ) D - F I  
B( 1 , L ( 1 6 ) ) « F 2  
B ( 2 , 6 ) * ( S O L Y  + DWX ) /  XLT  
B ( 2 , L ( 1 4 ) ) * - B ( 2 , 6 )
B ( 3 , 6 ) * - ( SOLX- DWY) / XLT  
B ( 3 , L ( 1 4 ) ) - - B ( 3 , 6 )  
B ( 2 , L ( 7 ) ) = S I N » ( 1 .  - Z O U / L L  
B ( 2 , L ( 8 ) ) = - B ( 2 , L ( 7 ) )
B ( 2 , L {  1 5 )  ) * S I N * Z O L / L L  
B ( 2 , L ( 1 6 ) ) * - B ( 2 , L ( 1 5 ) )  
B ( 3 , L ( 7 ) ) « - COS * ( 1  - Z O L ) / L L  
B ( 3 , L ( 8 ) ) " - B ( 3 , L ( 7 ) )
B ( 3 , L ( 1 5 ) ) * -COS * Z O L / L L  
B ( 3 , L ( 1 6 ) ) * - B ( 3 , L ( 1 5 ) )
I F  ( K L I N . E Q . 0 )  GOTO 10
B N L ( 1 , 6 ) * 1 . - ZOL
BNL( 1 , L ( 1 4 ) ) * Z 0 L
B N L ( 2 , 1 ) - R 4
B N L ( 2 , 5 ) * R5
BNL( 2 , 6 ) *  DWX/ X L T
B N L ( 2 , L ( 9 ) ) * - B N L ( 2 , 1 )
B N L ( 2 , L ( 1 3 ) ) * R 6
BN L ( 2 , L ( 1 4 ) ) * - B N L ( 2 , 6 )
B N L ( 3 , 6 ) * - B ( 1 , 6 )
B N L ( 3 , L ( 1 4 ) ) * - B N L ( 1 , L ( 1 4 ) )  
B N L ( 4 , 2 ) * B N L ( 2 , 1)  
B N L ( 4 , 4 ) * - B N L ( 2 , 5 )
B N L ( 4 , 6 ) = DWY/ XLT  
B N L ( 4 , L ( 1 0 ) ) * B N L ( 2 , L ( 9 ) )  
B N L ( 4 , L ( 1 2 ) ) * - B N L ( 2 , L ( 1 3 ) )  
BN L ( 4 , L ( 1 4 ) ) *  - BNL( 4 , 6 )
BNL( 5 , 1 ) - - B N L ( 2 , 1 )  
B N L ( 5 , 5 ) * - B N L ( 2 , 5 )
B N L ( 5 , 6 )  = SOLY / XL T
BN L ( Ô , L ( 9 ) ) * - BN L ( 2 , L ( 9 ) )
BN L ( 5 , L ( 1 3 ) ) *  - BNL( 2 , L ( 1 3 ) )
BN L ( 5 , L ( 1 4 ) ) * - B N L ( 5 , 6 )  
B N L ( 6 , 2 ) * - B N L ( 4 , 2 )
B N L ( 6 , 4 ) - - B N L ( 4 , 4 )  
B N L ( 6 , 6 ) * - S O L X / X L T  
B N L ( 6 , L ( 1 0 ) ) * - B N L ( 4 , L (  1 0 ) )  
B N L ( 6 , L ( 1 2 ) ) * - B N L ( 4 , L ( 1 2 ) )  
BN L ( 6 , L ( 1 4 )  ) * - B N L ( 6 , 6 )
B N L ( 7 , 1 ) *  S O L X * R 1 
B N L ( 7 , 2 ) * S O L Y * R l  
B N L ( 7 , 3 )  = - 1 . / XLT 
B N L ( 7 , 4 ) * - S O L Y * R 2  
B N L ( 7 , 5 ) * S O L X * R 2  
BN L ( 7 , L ( 9 ) ) * - BN L ( 7 , 1  )
BN L ( 7 ,  L ( 1 0 ) ) * - BNL( 7 , 2 )
B N L ( 7 , L ( 1 1 ) ) * 1 . / X L T  
BN L ( 7 , L ( 1 2 ) ) * - SOLY *R3  
B N L ( 7 , L ( 1 3 ) ) “ SOLX*R3  
B N L ( 2 , L ( 7 ) ) * S I N * (  1 . - Z O D / L L  
B N L ( 2 , L ( 8 ) ) * - B N L ( 2 , L ( 7 ) )
B N L ( 2 , L ( 1 5 ) ) * S I N * Z O L / L L  
BNL ( 2 , L ( 1 6 ) ) * - B N L ( 2 , L ( 1 5 ) )
BN L ( 4 , L ( 7 ) ) * - CO S * ( 1.  - Z O D / L L  
BN L ( 4 , L ( 8 ) ) * - B N L ( 4 , L ( 7 ) )
BN L ( 4 , L ( 1 5 ) ) * -COS » Z O L / L L  
BNL ( 4 , L ( 1 6 ) ) * - B N L ( 4 , L ( 1 6 ) )  
B N L ( 7 , L ( 7 ) ) * - F 1  
B N L ( 7 , L ( 8 ) ) * - F 2
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B N L ( 7 , L ( 1 5 ) ) - F 1  
BN L ( 7 , L ( 1 6 ) ) - F 2  

10 CO NTINUE  
RETURN 
END

SUBROUTINE BELPAL ( S I G O , D I  SP , B )
IM P L IC IT  REAL»8 ( A - H , 0 - Z )
COMMON /IC C O M / M( 2 1 )
COMMON / S T N L /  x l t , z o l , s o l , f a c , p f a c , i n t z , i n t s
COMMON / E L /  I N D , I C O U N T , NUMMAT, M T O T , I  TWO, NUME, NUM 1 , NUM2, NUM3, KL I N  
COMMON / B T R AN S /  D X Y Z ( 9 ) , X L N , E P S , EPS 1 
COMMON / B E L S T R /  S I G ( 4 )
COMMON / SOL/  NUMNP, NBOUN, NEO, MAX ES T , N W K , M K , N S T E , I E L E  
D IM E N S IO N  SIG O ( 4 ) , D E L E P S ( 4 ) , D E L S I G ( 4 ) , D I S P ( 1 ) , B ( 3 , 1 )
DO 10 1 - 1 , 4  

10 S I G d ) - S I G O ( I )
I « 1
T E M P - 0 .
DO 105  J - 1 , 4  

105  D E L E P S ( J ) - 0 . 0
I F  ( I E L E . E 0 . 2 )  GOTO 140  
DO 108 J = 1 , 5

108  T E M P - T E M P + B ( I , M ( 3 + J ) ) * D I S P ( M ( 3 + J ) ) + B ( I , M ( 1 1 * J ) ) * D I S P ( M ( 1 1 + J ) ) + 
1 B ( I , M ( 1 6 + J ) ) * D I S P ( M ( 1 6 + J ) )

GOTO 1 30  
140  DO 110  J - 1 , 3  

DO 110  K - 1 , 2  
L - ( 3 * J - 3 ) + K

1 1 0  T E M P » T E M P + B ( I , M ( L ) ) * D I S P ( M ( L ) ) + B ( I , M ( L * 8 ) ) « D I S P ( M ( L + 8 ) )
130  D E L E P S ( 4 ) -TEMP

D E L E P S ( 1 ) - D E L E P S ( 4 ) * B ( I , M ( 3 ) ) « D I S P ( M ( 3 ) ) + B ( I , M ( 1 1 ) ) « D I S P ( M ( 1 1 ) )
« D E L E P S ( 1 ) - D E L E P S ( 4 ) + E P S - E P S 1

I F  ( I E L E . E 0 . 2 )  GOTO 150  
DO 3 1 0  1 - 2 , 3  
DO 3 1 0  J -  1 , 2 1
D E L E P S ( I ) - D E L E P S ( I ) * B ( I , M ( J ) ) « D I  S P ( M ( J ) )

3 1 0  CO NTINUE  
GOTO 1 60  

1 5 0  DO 3 2 0  1 - 2 , 3  
DO 3 2 0  1 - 6 , 8

3 2 0  D E L E P S ( I ) - D E L E P S ( I ) + B ( I , M ( J ) ) * D I S P ( M ( J ) ) + B ( I , M ( J +8 ) ) « D I S P ( M ( J +8 ) )  
160  D E L S I G ( 1 ) - FAC«DELEPS( 1 )

D E L S I G ( 4 ) = FAC«DELEPS( 4 )
DO 1 20  L - 2 , 3

1 2 0  D E L S I G ( L ) - P F A C * D E L E P S ( L )
DO 125 L - 1 , 4

125  S I G ( L ) - D E L S I G ( L ) +S I G ( L )
I F  ( I C O U N T . E O . 3 )  GOTO 2 0 0  
DO 12 1 - 1 , 4  

12 S I G O ( I ) - S I G ( I )
2 0 0  C O NTINUE  

RETURN 
END

SUBROUTINE ENDREL ( A S , SREL , D I  S P , N SI Z E , I E N D R L , KM) 
IM P L IC IT  REAL * 8  ( A - H , 0 - Z )
D IM E N S IO N  A S ( 2 «KM* 5 , 1 ) , S R E L ( 5 , 1 ) , D I S P ( 1)
I F  ( I E N D R L - 2 )  3 0 , 3 0 , 1 0  

10 DO 2 0  J -  1 , 5  
J J - N  S I Z E  - 5+ J 
D U M - 0 . 0  
K - I J - l  
DO 15 I  - 1 , K

15 D U M - D U M + S R E L ( J , I ) « D I S P ( I )
2 0  D I S P ( J J ) - - D U M / S R E L ( J , J J )

RETURN
3 0  DO 4 0  K - 1 , 5
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L L - N S I Z E - K
K K - L L + 1
DO 4 0  L » 1 , L L
DUM - AS ( O C , L ) /  AS ( KK , KK )
DO 4 0  M*1 , L

4 0  A S ( L , M ) - A S ( L , M ) - A S ( K K , M) *DUM 
DO 5 0  1 * 1 , 5  
K *N S I Z E - 5 +1 
DO 5 0  J * 1 , N S I Z E

50  S R E L ( I , J ) - A S ( K , J )  
N N S I Z E = N S I Z E - 5  
DO 6 0  1 * 2 , N N  S I Z E  
K - I  -1
DO 6 0  J * 1 , K

60  A S ( J , I ) - A S ( I , J )
RETURN
END

SUBROUTINE TRANSF ( X Y Z , A S , B S , T , D I  S P , PDI  SP , GAMA, NUMPN, I T O N L Y , KAS) 
IM P L IC IT  R E A L * 8  ( A - H , 0 - Z )
COMMON / S T N L /  X L T , Z O L , SOL, FAC, PF AC, I N T Z , I NT S  
COMMON / B T R A N S /  D X Y Z ( 9 ) , XL N , EPS , EPS 1
COMMON / E L /  I N D  , ICOUNT , NUMMAT, MTOT, I T W O , NUME, NUM1 , NUM2 , NUM3, K L I N 
COMMON / S O L /  NUMNP,NBOUN, NEO,  MAXEST,  NYVK , MK , N S TE , IE L E  
COMMON / V A R /  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , KKSTEP 
COMMON / 1 C /  I C ( 1 2 )  XC YC
D IM E N S IO N  T ( 3 , 3 )  , X Y Z ( 9 ) , A S( K A S , 1 ) , BS( 3 , 3 ) , XM( 3 ) , D L ( 3 ) , P D I S P ( 1 ) ,  

1 D I S P C 1 ) , I C C ( 4 ) , I D D ( 2 )
I F  ( I T O N L Y - 2 )  5 , 1 1 , 2 0 0  

5 CX * X Y Z ( 4 ) - X Y Z ( 1 )
C Y * X Y Z ( 5 ) - X Y Z ( 2 )
C Z “ X Y Z ( 6 ) - X Y Z ( 3 )
D X - X Y Z ( 7 ) - X Y Z ( 1 )
DY- X Y Z ( 8 ) - X Y Z ( 2 )
D Z - X Y Z C 9 ) - X Y Z ( 3 )
A X * DY * C Z - CY *DZ  
A Y - C X * D Z - D X « C Z  
A Z * D X * C Y - C X * D Y  
A L * D S Q R T ( A X * A X +A Y * A Y +AZ * A Z )
CL* DSQRTCCX* CX + CY* CY + C Z * C Z )
T ( 1 , 1 ) - A X / A L  
T ( 1 , 2 ) - A Y / A L  
T ( 1 , 3 ) - A Z / A L  
T ( 3 , 1 ) - C X / C L  
T ( 3 , 2 ) - C Y / C L  
T ( 3 , 3 ) - C Z / C L
T ( 2 , l ) - T ( 1 , 3 ) * T ( 3 , 2 ) - T ( 1 , 2 ) * T ( 3 , 3 )
T ( 2 , 2 ) - T ( 1 , 1 ) * T ( 3 , 3 ) - T ( 1 , 3 ) * T ( 3 , 1 )
T ( 2 , 3 ) - T ( 1 , 2 ) * T ( 3 , 1 ) - T ( 1 , 1 ) * T ( 3 , 2 )

100  CO NTINUE  
RETURN

2 0 0  DO 201  1 * 1 , 3
201 X M ( I ) - D I S P ( I + 6 + N U M P N ) - D I S P ( I )
2 0 5  DO 2 0 2  1 - 1 , 3

T E M P = 0 . 0  
DO 2 0 3  J - 1 , 3

2 0 3  T E M P - T E M P * T ( I , J ) * X M ( J )
2 0 2  D L ( I ) - TEMP

AD UM* ( XLT + D L ( 3 ) ) * * 2  + D L ( 2 ) * D L ( 2 )
ADUM -DSORT( ADUM)
TEMP=ADUM/ XLT
I F  ( T E M P . G T . 0 . 0 0 0 0 0 1 D 0 )  GOTO 223  
DO 221  1 - 1 , 3

221  XM( I ) *  P D I S P ( I  + 6 + N U M P N )-PD I S P ( I )
I T O N L Y - 5  
GOTO 2 0 5

2 2 3  A R O T - ( XLT + D L ( 3 ) ) /ADUM 
B R O T - D L ( 2 ) /ADUM
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XLN=ADUM*ADUM+DL( 1 ) * D L ( 1 )
XLN »DSQRT( XLN )
CROT-ADUM /XLN
D R O T * D L ( 1)  / XLN
B S ( 3 , 3 ) *  AROT *CROT
B S ( 3 , 1 ) -DROT
BS( 3 , 2 ) »BROT*CROT
B S ( 1,  3 ) - - AROT *DROT
B S ( 1 , 1 ) -CROT
BS( 1 , 2 ) - -BROT»DROT
BS( 2 , 3 ) *  - BROT
BS( 2 , 1 ) = 0 , 0
B S ( 2 , 2 ) - A R O T
DO 2 3 0  1 = 1 , 3
DO 2 3 2  J = l , 3
T E M P - 0 . 0
DO 2 3 4  K= 1 , 3

2 3 4  T E M P - T E M P + B S ( I , K ) * T ( K , J )
2 3 2  X U ( J ) = T E M P

DO 2 3 5  L= 1 , 3
2 3 5  BS( I , L ) = XM( L )
2 3 0  CO NTINUE

R R O T - 0 . 0  
DO 2 1 0  1 = 1 , 3

2 1 0  RROT = RROT + T ( 3 , 1 ) * ( ( D I SP(  I + 3 )  - P D I S P ( I + 3 ) ) + ( D I S P ( I +9 + N U M P N ) - P D I S P ( I  + 
19 + NUWPN) ) )

RROT=0. 5*RROT+GAMA
GAMA-RROT
ROT 1= DCOS( RROT)
ROT2 * D S I N ( RROT)
DO 2 1 5  1 = 1 , 3  
T ( 3 , I ) = B S ( 3 , I )
T ( 1 , 1 ) = R O T l * B S ( 1 , 1 ) + R O T 2 * B S ( 2 , I )

2 1 5  T ( 2 , 1 ) *  - ROT2 *BS ( 1 , I ) +ROT1 * B S ( 2 , I )
RETURN

11 I F  ( ( X C . E Q . 0 . 0 ) . A N D . ( Y C . E O . 0 . 0 ) )  GOTO 9 
NMAX=12+2*NUWPN  
DO 8 1 = 1 , NUAX
A S ( 6 , I ) = A S ( 6 , I ) - Y C * A S ( 1 , I ) + X C * A S ( 2 , I )
A S ( I C ( 1 2 ) , 1 ) = A S ( I C ( 1 2 ) , 1 )  - Y C * A S ( I C ( 7 ) , 1 ) + X C * A S ( I C ( 8 ) , 1 )
I F  ( I E L E . E O . 2 )  AS( 6 , 1 ) = AS ( 6 , 1 ) + X C / X L T * ( A S ( 4 , 1 ) + A S ( I C ( 1 0 ) , I ) ) + Y C / X L  

1 T * ( A S ( 5 , I ) * A S ( I C ( 1 1 ) , I ) )
I F  ( I E L E . E O . 2 )  A S ( I C (  12 )  , 1 )  =AS ( I C ( 1 2 ) , I ) - X C / X L T * ( A S ( 4 , 1 ) + A S ( I C ( 1 0 )  

1 , I ) ) - Y C / X L T * ( A S ( 5 , I ) + A S ( I C ( 1 1 ) , I ) )
A S ( 4 , I ) = A S ( 4 , I ) + Y C * A S ( 3 , I )
A S ( 5 , 1 ) = A S ( 5 , 1 ) - X C * A S ( 3 , I )
A S ( I C ( 1 0 ) , 1 ) - A S ( I C ( 1 0 ) , I ) + Y C * A S ( I C ( 9  ) , 1  )

8 A S ( I C ( 1 1 ) , 1 ) = A S ( I C ( 1 1 ) , 1 ) - X C * A S ( I C ( 9 )  , 1  )
DO 7 1 = 1 , NMAX
A S ( I , 6 ) = A S ( I , 6 ) - Y C * A S ( I , 1 ) + X C * A S ( I , 2  )
A S ( I , I C ( 1 2 ) ) - A S ( I , I C ( 1 2 ) )  - Y C * A S ( I  , I C ( 7 ) ) + X C * A S ( I , I C ( 8 ) )
I F  ( I E L E . E O . 2 )  A S ( I , 6 ) -AS ( I  , 6 ) +  X C / X L T  * ( A S ( I , 4 ) ♦ A S ( I , I C ( 1 0 ) ) ) +Y C / XL 

1 T * ( A S ( I , 5 ) +A S ( I , I C ( 1 1 ) ) )
I F  ( I E L E . E O - 2 )  A S ( I , I C ( 1 2 ) ) - A S ( I , I C ( 1 2 ) ) - X C / X L T * ( A S ( I , 4 ) + A S ( I , I C ( 1  

1 0 ) ) ) - Y C / X L T * ( A S ( I , 5 ) + A S ( I , I C ( 1 1 ) ) )
A S ( I , 4 ) = A S ( I , 4 ) + Y C * A S ( I , 3 )
A S ( I , 6 ) = A S ( I , 6 ) - X C * A S ( 1 , 3 )
A S ( I , I C ( 1 0 ) ) = A S ( I , I C ( 1 0 ) ) + Y C * A S ( I , I C ( 9 )  )

7 A S ( I , I C ( 1 1 ) ) = A S ( I , I C ( 1 1 ) ) - X C * A S ( I , I C ( 9 )  )
9 DO 10 1 = 1 , 2  

T o r
10 I C C  ( 2 + I  ) = 4 ■‘•NUMPN + 3 *1  

I D D ( 1 ) = 7  
I D D ( 2 )  = 13 +NUMPN 
DO 4 5 0  1 = 1 , 4  
I I - I C C ( I )
DO 4 5 0  J « I , 4  
J J = I C C ( J )
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DO 501  M « l , 3  
I l - I I + M - 1 
DO 501  N 1 - 1 , 3  
T E M P - 0 . 0  
DO 5 0 0  K - 1 , 3  
K 1 « J J + K - 1

5 0 0  TEMP«TEMP+A S ( I l , K 1 ) * T ( K , N I ) 
B S ( M , N I ) »  TEMP

501 CO NTINUE
DO 511 M - 1 , 3
I l - I I + M - 1
DO 511 N 1 - 1 , 3
J l - J J + N I - 1
T E M P - 0 . 0
DO 5 1 0  K - 1 , 3

5 1 0  TEM P-TEM P + T ( K , M ) * B S ( K , N I )  
A S C I I ,  J D - T E M P

511 C O NTINUE  
4 5 0  C O NTINUE

DO 6 0 0  1 - 1 , 2  
I I - I D D ( I )
DO 6 0 0  J - 1 , 4  
J J - I C C ( J )
DO 6 1 0  M - 1 , NUMPN 
I l - I I + M - 1 
DO 601  N 1 - 1 , 3  
T E M P - 0 . 0  
DO 6 0 3  K - 1 , 3  
K l - J J + K - 1

6 0 3  TEM P-TEM P + A S ( I l , K 1 ) * T ( K , N I )  
BSC 1 , N I ) -TEMP  

601  C O N TIN UE
DO 6 1 0  N 1 - 1 , 3  
J 1 - J J + N I  - 1
I F  ( I l - J l )  6 1 5 , 6 1 5 , 6 1 6

6 1 5  A S C I I , J 1 ) - B S ( 1 , N I )
GOTO 6 1 0

6 1 6  A S ( J 1 , 1 1 ) - B S ( 1 , N I )
6 1 0  C O N TIN UE
6 0 0  C O NTINUE  

RETURN 
END

SUBROUTINE TRANPC ( D I  SP , R E , I T O N )
IM P L IC IT  R E A L * 8  ( A - H , 0 - Z )
COMMON / 1 C /  I C ( 1 2 )  XC YC
COMMON / S O L /  N U MN P ' n BOUN, NEQ, MAXEST, NWK, MK, N S T E , I E L E  
COMMON / S T N L /  X L T , ZOL , SOL, F AC, P F A C , I N T Z , I NT S  
D IM E N S IO N  DI SPC 1 ) , R E ( 1)
I F  ( I T O N - 2 )  1 0 , 2 0 , 2 0

10 D I S P ( 1 ) - D I S P C  1 ) - Y C * D I S P ( 6 )
D I  SPC 2 ) « D I S P ( 2 ) + X C * D I S P ( 6 )
D I  SPC 3 ) - D I  SPC 3 ) + Y C * D I S P ( 4 ) - X C * D I S P ( 5 )
I F  ( I E L E . E 0 . 2 )  D I S P ( 4 ) - D I S P ( 4 ) + X C / X L T *  ( D I S P ( 6 ) - D I S P ( I C ( 1 2 ) ) )
I F  ( I E L E . E 0 . 2 )  D I S P ( 5 ) - D I S P ( 5 ) + Y C / X L T * ( D I S P ( 6 ) - D I S P ( I C ( 1 2 ) ) )
D I  SPC ICC 7 ) ) « D I S P ( I C ( 7 )  ) - Y C * D I S P ( I C ( 1 2 ) )
D I  S PC ICC 8 ) ) = D I S P ( I C ( 8 )  ) + X C * D I S P ( I C (  1 2 ) )
D I  SPC ICC 9 ) ) - D I  S PC ICC 9 )  ) + Y C * D I S P ( I C (  1 0 ) ) - X C * D I S P C I C ( 1 1 ) )
I F  ( I E L E . E Q . 2 )  D I  SPC ICC 1 0 ) ) - D I  SPC ICC 1 0 ) ) + X C / X L T * ( D I  SPC 6 ) - D I  S P C I C ( 1 

1 2 ) ) )
I F  ( IE L E .  E O . 2 )  D I  SPC ICC 1 1 ) ) - D I  SPC ICC 1 1 ) ) + Y C / X L T * ( D I  SP( 6 ) -  D I  S P ( I C ( 1 

1 2 )  ) )
RETURN

20  R E ( 4 ) - R E ( 4 ) + Y C * R E ( 3 )
R E ( 5 ) - R E C  5 ) - X C * R E (  3 )
R E ( 6 ) - R E ( 6 ) - Y C * R E ( 1 ) + X C * R E ( 2 )
I F  ( I E L E . E O . 2 )  R E ( 6 ) - REC 6 )  + X C / X L T * ( RE ( 4 ) + R E ( I C ( 1 0 ) ) ) + Y C / X L T * ( R E ( 5 )  

1 + R E C I C C 1 1 ) ) )
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R E ( I C ( 1 0 ) ) - R E ( I C ( 1 0 ) ) + Y C « R E ( I C ( 9 ) )
R E ( I C ( 1 1 ) ) - R E ( I C ( 1 1 ) ) - XC * R E ( I C ( 9 ) )
R E ( I C ( 1 2 ) ) - R E ( I C ( 1 2 ) ) - Y C * R E ( I C ( 7 ) ) + X C * R E ( I C ( 8 ) )
I F  ( I E L E . E Q . 2 )  R E ( I C ( 1 2 ) ) - R E ( I C ( 1 2 ) ) - X C / X L T * ( R E ( 4 ) +RE( I C ( 1 0 ) ) ) - Y C /  

1 X L T * ( R E ( 5 ) +R E ( I C ( 1 1 ) ) )
RETURN
END

SUBROUTINE ADDBAN ( N M A X , A , M A X A , S , R E , L M , K K K ) 
IM P L IC IT  REAL* 8  ( A - H , 0 - Z )
D IM ENSIO N AC 1 ) , MAXA( 1 ) , S ( 1 ) , L M( 1 )  , R E ( 1 )
I F  ( KKK- 1)  1 0 , 1 0 , 3 0 0  

10 N D I * 0
DO 2 0 0  1 * 1 ,NMAX 
I I - L M ( I )
I F  ( I I )  2 0 0 , 2 0 0 , 1 0 0  

100  M I - M A X A ( I I )
K S * I
DO 2 2 0  1 = 1 ,NMAX
J J - LM( I )
I F  ( J J )  2 2 0 , 2 2 0 , 1 1 0  

110  I J » I I - J J
I F  ( I J )  2 2 0 , 2 1 0 , 2 1 0  

2 1 0  K K = M I + I J  
KSS*KS
I F  ( T . G E . I )  K S S - J + N D I  
A ( K K ) = A ( K K ) + S ( K S S )

2 2 0  KS = KS +NMAX-J  
2 0 0  N D I - N D I + N M A X - I  

RETURN
3 0 0  DO 3 1 0  1 * 1 , NMAX 

I I - L M ( I )
I F  ( I I )  3 1 0 , 3 1 0 , 3 5 0  

3 5 0  A ( I I ) * A ( I I ) - R E ( I )
3 1 0  CONTINUE  

RETURN 
END

SUBROUTINE LOADMS ( R E )
IM P L IC IT  REAL* 8  ( A - H , 0 - Z )
COMMON / S O L /  N U MN P , NB O U N , N E O , MA X E S T , N W K , MK , N S T E , I E L E  
COMMON / V A R /  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , KKSTEP 
COMMON / E L /  I N D , I C O U N T , NUMMAT, MTOT, I T W O , NUME, NUM1 , NUM2 , NUM3, K L I N 
COMMON / C R I S /  D P , DPSUM, D P O , D L , D E T E R , NRORC, A l , A 4 , W C 1 , WC2, K L K R , NPP 
DIM ENSIO N R E ( N E O )
READ ( 1 )  RE
I F  ( K L I N . EO. 0 . O R . NRORC. E O . 2 )  GOTO 10 
DO 5 I  - 1 , NEO 

5 R E ( I ) » R E ( I ) * K S T E P  
10 CONTINUE  

RETURN 
END

SUBROUTINE E O U IT  ( A A , D I S P I , D I N C O R , R E , D I S P , MAXA, WV)
IM P L IC IT  REAL* 8  ( A - H , 0 - Z )
COMMON /E N E R G Y / P E O L D ,P E IN IT
COMMON /NO RM S/ RNORM, RENORM, R T O L , D T O L , ETOL
COMMON / E L /  I N D , I C O U N T , N U M M A T , M T O T , I T W O , N U M E , N U M I , NUM2, NUM3, K L I N 
COMMON / E Q I T /  N L S T P D , I S D V G , I T E D I V , N L S T E P
COMMON / VAR/  MODEX, K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , KKSTEP 
COMMON / S O L /  NUMNP, NBOUN, N E O , M A X E S T , N W K , M K , N S T E , I E L E  
COMMON / K M /  KM, I D WA , KMM, KAS
COMMON / D I M /  N1 , N 2 , N 3 , N 4 , N 5 , N 6 , N 7 , N 8 , N 9 , N 1 0 , N 1 1 , N 1 2 , N 1 3 , N 1 4 , N 1 3 6  
COMMON / C R I S /  D P , D P S U M , D P O , D L , D E T E R , N R O R C , A l , A 4 , W C 1 , W C 2 , K L K R , NPP 
REAL A 
COMMON A ( 1)
D IM ENSIO N A A ( 1 ) , D I S P I ( 1 ) , R E ( 1 ) , D I S P ( 1 ) , M A X A ( 1 ) , W V ( 1 ) , D I N C O R ( 1 )  
IC O U N T -3
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NPP -0 
ICONVG«0 
ITE -0
PEINIT-PRDINN (RE,DISPI,NEQ)PEOLD» PEINIT 

500 ITE-ITE+1 
REWIND 1
CALL LOADMS (RE)
IF (NRORC.EO.1) GOTO 5 DO 10 I-1 ,NEQ 

10 RE(I)=DP*RE(I)
5 IF (ISDVG.LT.2) GOTO 50 
DO 2T I-1,NEQ 

27 RE(I)«RE(I)-DINCOR(I)50 DO 120 I-1,NEO 
120 WV(I)»DISP(I)+DISPI(I)CALL ELEMNT

IF (NRORC.EO.2) GOTO 230
IF (ITE.EQ.1.AND.PEINIT.LT.1.0D-8) PEINIT«1.0D-8 
IF (PEOLD.GT.10000.0*PEINIT) GOTO 210 
IF (ITE.LT.(ITEMAX/2+1)) GOTO 230 
IF (PEOLD.LE.PEINIT) GOTO 230 

210 IEQREF« 1 
ICOUNT « 2 
REWIND 1 
RETURN

230 DO 235 I « 1, NEO 235 WV(I)=RE(I)
CALL COLSOL (AA,RE,MAXA,NEO,NWK,2)
IF (NRORC.EO.2) CALL CRIS2 ( DI SPI,RE,A(N 136),WV,DlNCOR,NEO) IF (NPP.EO.1) GOTO 210 
RENORM» PRDINN (WV,WV,NEO)RENORM»DSQRT(RENORM)
PEOLD'PRDINN (RE,WV,NEO)IF (RNORM.EQ.0.0) GOTO 290 
IF (RENORM.GT.RTOL«RNORM) GOTO 256 

290 IF (ABS(PEOLD).GT.ETOL*ABS(PEINIT)) GOTO 256 ICONVG « 1
256 DO 300 I • 1,NEO
300 DISPI(I)=DISPI(I)+RE(I)
310 IF (ICONVG.EO.1) GOTO 400 
370 IF (ITE.LT.ITEMAX) GOTO 500 GOTO 210 
400 ICOUNT“2

IF (RNORM.GT.0.0) GOTO 385 
WRITE (3,2025) KSTEP,ITE 
IF (NRORC.EO.2) WRITE (3,2026) DP 
WRITE (3,2031) RENORU,PEINIT,PEOLD GOTO 386

385 RTNORM-RTOL*RNORM 
WRITE (3,2025) KSTEP,ITE
IF (NRORC.EO.2) WRITE (3,2026) DP 
WRITE (3,2030) RTNORM,RENORM,PEINIT,PEOLD386 CONTINUE
IF (NRORC.EO.1) GOTO 430 WC1»WC2
IF (KLKR.EO.1) GOTO 410BETA-DP/DPSUM
TETA»ABS(ABS(BETA)- 1)
IF (TETA.GT.0.15) KLKR-3 
WC2 » BETA*WC1 GOTO 420

410 DL«DL*DSORT(4.0/DBLE(ITE))420 DPSUM=DP DP«0.0
430 CONTINUE 

RETURN
2025 FORMAT (///1H ,
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150HINKREMENT OPTERECENJA »,15/
251H BROJ ITERACI JA -,1б)2026 FORMAT (IH ,
151HNIVO OPTERECENJA -,E16.6)

2030 FORMAT ( / / / I H  ,31HNORMA ü POSLEDNJOJ ITERACIJI //
161H MAKS IMALNO DOZVOLJENA NORMA NEURAVNOTEZENIH SILA =,E15.6/ 26 IH NORMA NEURAVNOTEZENIH SILA «,E15.6/
361H NORMA INKREMENTALNE ENERGIJE -,E15.6/
45 IH NORMA NEURAVNOTEZENE INKREMENTALNE ENERGIJE *,E15.6 )

2031 FORMAT ( / IH ,31HNORMA U POSLEDNJOJ ITERACIJI //
151H MAKSIMALNO DOZVOLJENA NORMA NEURAVNOTEZENIH SILA = ,23X, 21H(* * NE KORISTI SE **) /
2б1H NORMA NEURAVNOTEZENIH SILA «,E15.6/
351H NORMA INKREMENTALNE ENERGIJE «,E15.6/
45 IH NORMA NEURAVNOTEZENE INKREMENTALNE ENERGIJE -,E15.6 )
END
SUBROUTINE COLSOL (A ,V ,MAXA,NN,NWK,KKK)
IMPLICIT REAL*8 (A-H,0-Z)COMMON /CRIS/ DP,DPSUM,DPO, DL,DETER,NRORC,A1,A4,WC1,WC2,KLKR,NPP DIMENSION A(NWK),V( 1 ),MAXA(1)
IF (KKK-2) 40,150,150 

40 DETER«1.0
DO 140 N * 1,NN 
KN«MAXA(N)
KL-KN +1
KU « MAXA(N + 1)-1 
KH«KU-KL
IF (KH) 110,90,50 

50 K-N-KH 
IO»0 
KLT-KU
DO 80 J « 1,KH 
IO-IO+1 
KLT-KLT-1 
KI-MAXA(K)
ND«MAXA(K+1)-KI - 1 
IF (ND) 80,80,60 

60 KK*MIN0(IO,ND)
C-0.
DO 70 L«1,KK 

70 C«C + A(KI + L)*A(KLT + L)
A(KLT)=A(KLT)-C 80 K-K+l 

90 K«N 
B«0 .
DO 100 KK«KL,KU K«K -1
KI-MAXA(K)C«A (KK)/A(KI)
B « B +C*A(KK)

100 A(KK)«C
A(KN)«A(KN)-B

110 IF (NRORC.EO.l) GOTO 115
IF (A(KN).LT.0.0) DETER«-DETER GOTO 140

115 IF (A(KN)J 120,120,140 
120 WRITE (3,2000) N,A(KN )

STOP
140 CONTINUE 
150 DO 180 N « 1,NN 

KL«MAXA(N)♦1 
KU * MAXA(N + 1)-1 
IF (KU-KL) 180,160,160 
K«N C«0.
DO 170 KK «KL,KU K«K- 1

160
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1T0 O O A ( K K )  * V ( K )
V ( N ) - V ( N ) - C  

180  CO NTINUE
DO 2 0 0  N» 1 ,NN  
K * M AX A( N )

2 0 0  V ( N ) - V ( N ) / A ( K )
I F  ( N N . E O . 1)  RETURN 
N-NN
DO 2 3 0  L ■ 2 ,  NN 
KL»MAXA( N ) + 1 
KU »MAXA( N + 1 ) - 1  
I F  ( K U - K L )  2 3 0 , 2 1 0 , 2 1 0  

2 1 0  K*N
DO 2 2 0  KK»KL, KU  
K-K-  1

2 2 0  V ( K ) - V ( K ) - A ( K K ) * V ( N )
2 3 0  N - N - l  

RETURN
2 0 0 0  FORMAT ( / / 4 5 H  STOP - MATRICA N I J E  P O Z IT IV N O  D E F IN IT N A

1 45H N E P O Z IT IV A N  ELEMENAT ZA JEDNACINU
2 30H BROJNA VREDNOST ELEMENTA = , E 2 0 . 12)

END

SUBROUTINE DIVERG (DISP,R ,RESID,AA,RE,WV,MAXA)IMPLICIT REAL*8 (A-H,0-Z)COMMON /EOIT/ NLSTPD,ISDVG,ITEDIV ,NLSTEP
COMMON /VAR/ MODEX,KSTEP,ITEMAX,KPRI,IPRI,ITE,IEQREF,IREF COMMON /SOL/ NUMNP,NBOUN,NEQ,MAXEST,NWK,MK,NSTE,IELE DIMENSION DISP(1),R(1),AA(1),RE(1),WV(1),MAXA(1),RESID(1) COMMON A(1)INTEGER IA(1)REAL A
EQUIVALENCE (A(1),IA(1))IF (NLSTPD.EQ.0) GOTO 400ITESUM-ITEITEDIV-ITEITDVMX »NLSTPD*ITEMAXISDVG-2NLSTEP-0FACTOR'0.0DELFAC-0,0WRITE (3,2500) NLSTPD 10 DLFACO-DELFACDELFAC-DELFAC«DELFACIF (DLFACO.LT.0.25.AND.DLFACO.GT.0.0625) DELFAC-0.0625 IF (DELFAC.EO.0.0) DELFAC-0.5 IF (DELFAC.LT.0.0625) GOTO 500 KTR * 2CALL LOADMS (R)20 CONTINUECALL ELEMNT DO 30 1-1 ,NEQRESID(I)»R(I)*(1.0-(DELFAC/(1.0-FACTOR)))R(I)“R(I)«DELFAC/(1.0-FACTOR)30 RE(I)“R(I)CALL COLSOL (AA,R,MAXA,NEO,NWK,KTR)IEQREF-0 IREF » 1CALL EOUIT (AA,R,RESID,RE,DISP,MAXA,WV)ITESUM-ITESUM+ITE ITEDIV-ITEDIV+ITE IF (ITEDIV.GT.ITDVMX) GOTO 200 IF (ITE.GT.ITEMAX) GOTO 10 IF (IEQREF.EQ.0) GOTO 50 GOTO 1050 NLSTEP“NLSTEP+1FACTOR»FACTOR+DELFAC WRITE (3,2552)

/ /
, 1 4 , / /

, KKSTEP
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. 0 - FACTOR

WRITE ( 3 , 2 5 5 1 )  N L S T E P , F A C T O R , I T E S U M  
I T E S U M - 0
I F  ( F A C T O R . E O . 1 . 0 )  GOTO 100  
I F  ( N L S T E P . E O . N L S T P D )  GOTO 5 0 0  
D E L F A C - 0 . 5
I F  ( I T E . G T . 4 )  D E L F A C - 0 . 25  
I F  ( I T E . G T . 1 2 )  D E L F A C = 0 . 0 6 2 5  
I F  ( ( FACTOR+DELF A C ) . G T . 1 . 0 )  D E L F A C * 1 
DO 55 1 - 1  , NEO 
D I S P ( I ) * D I S P ( I ) + R ( I )
REWIND 1 
CALL LOADMS ( R )
KTR * 1 
I R E F - 0  
GOTO 20  
I S D V G - 0  
WRITE ( 3  
RETURN
WRITE ( 3 , 2 0 0 0 )
WRITE ( 3 , 2 2 0 0 )
I S D V G » 1 
RETURN
WRITE ( 3 , 2 1 0 0 )
I S D V G - 1 
RETURN
WRITE ( 3 , 2 0 0 0 )
I S D V G - 1 
RETURN 
FORMAT ( 1 H  ,

1 59HKONVERGENCIJ A N I  JE POSTIGNUTA U OVOM INKREMENTU OPTERECEN JA /
2 1 0 X , 4 1 H BROJ I S K O R I S C E N I H  P O D I NKREMENATA - , 1 5 /
3 1 0 X , 4 1 H D O ST IG NU T I  DEO INKREMENTA OPTERECENJA - , E 1 4 . 6 )

2 1 0 0  FORMAT ( 1 H  ,
1 66HNEURAVNOTEZENE S I L E  VECE OD INKREMENTA OPTERECENJA NAKON IT E R A C  
21 J E , 1 5 )

2 2 0 0  FORMAT ( / / 1 H  ,
137HMAKSIMALNO DOZVOLJENI  BROJ I T E R A C I  J A , , 1 5 , 1 3H JE D OSTIG NUT)

2 5 0 0  FORMAT ( / / 1 H  ,
1 6 2 H I T E R A C I J E  U OKVIRU OVOG INKREMENTA OPTERECENJA NE KONVERGIRAJU  
2 / / 4 7 H  INKREMENT OPTERECENJA B IC E  PODELJEN U M A K S I M U M , I 5 ,
3 58 H  MAN J I H  PODINKREMENATA DA B I  SE POKUSALO SA KONVERGENCIJ O M / / ) 

2 5 5 2  FORMAT ( / / 1 H  ,
1 5 X , 1 0 H R E D N I  B R O J , 7 X , 14 H D 0 S T I G N U T I  DEO, 7 X , 4HBROJ/ 3 X ,
2 1 4 H P O D - I N K R E M E N T A , 7 X , 10 H I N K R E M E N T A , 7 X , 9 H I T E R A C I J A / )

2 5 5 1  FORMAT ( 9 X , I 2 , 1 1 X , E 1 4 . 6 , 8 X , 1 3  )
2 6 0 0  FORMAT ( / 1 H  ,

1 6 1HKONVERGENCIJ A POSTIGNUTA U OKVIRU OVOG INKREMENTA  
2 1 0 X , 50HBROJ I S K O R I S C E N I H  INKREMENATA

55
70

100

200

4 0 0

5 0 0

2000

, 2 6 0 0 )  N L S T E P , I T E D I V

NLSTEP,F ACTOR  
ITDVMX

I T E

NLSTEP,FACTOR

OPTE REC EN JA /  
- , 1 5 /

3 1 0 X , 50HUKUPAN 
END

BROJ I T E R A C I  J A POTREBAN ZA KONVERGENCIJ U - , 1 5 )

SUBROUTINE D I V C R I  ( D I  S P , R , RESI D , A A , R E , WV, MAXA)
I M P L I C I T  R EA L *8  ( A - H , 0 - Z )
COMMON / E O I T /  N L S T P D , I S D V G , I T E D I V , N L S T E P
COMMON / V A R /  M O D E X , K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , KKSTEP  
COMMON / S O L /  NUMNP,NBOU N,N E O , M A X E S T , N W K , M K , N S T E , I E L E  
COMMON / C R I S /  D P , D P S U M , D P O , D L , D E T E R , NRORC, A l , A 4 , W C 1 , W C 2 ,K L K R ,N P P  
COMMON / D I M /  N 1 , N 2 , N 3 , N 4 , N 5 , N 6 , N 7 , N 8 , N 9 , N 1 0 , N 1 1 , N 1 2 , N 1 3 , N 1 4 , N 1 3 6  
DIMENSION D I S P ( 1 ) , R ( 1 ) , A A ( 1 ) , R E ( 1 ) , W V ( 1 ) , M A X A ( 1 ) , R E S I D ( 1)
REAL A 
COMMON A ( 1 )
INTEGER I A ( 1)
NLSTEP = 0
WRITE ( 3 , 2 5 0 0 )  NLSTPD  

10 D L - D L « 0 . 5  
WC2-WC2 * 0 . 5  
NLSTEP -NLST EP +1  
CALL LOADMS ( R )
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CALL ELEMNT 
DO 30  1 * 1  ,NEQ 

30  R E d ) - R ( I )
CALL COLSOL ( A A , R , MAXA, NEO, NWK, 2 )
CALL C R I S I  ( R , A ( N 1 3 6 ) , R E ,N E O )
I E Q R E F * 0
CALL EQUIT  ( A A , R , R E S I D , R E , D I S P , MAXA, WV)
I F  ( I T E . G T . I T E M A X ) GOTO 2 0  
I F  ( I E O R E F . E Q . 1 )  GOTO 20  
I S D V G * 0
WRITE ( 3 , 2 6 0 0 )  NLSTEP  
RETURN

20  I F  ( N L S T E P . L T . N L S T P D )  GOTO 10 
I S D V G * 1
WRITE ( 3 , 2 7 0 0 )
RETURN

2 5 0 0  FORMAT ( / / 1 H  ,
1 6 2 H I T E R A C I J E  U OKVIRU OVOG INKREMENTA OPTERECENJA NE KONVERGIRA JU 
2 / / 4 7 H  INKREMENT OPTERECENJA B IC E  PODELJEN U M A K S I M U M , I 5 ,
3 58H MAN J I H  P O D INKREMENATA DA B I  SE POKUSALO SA KONVERGENCIJ O M / / ) 

2 6 0 0  FORMAT ( / 1 H  ,
1 61HKONVERGENCIJA POSTIGNUTA U OKVIRU OVOG INKREMENTA OPTERECENJA/
2 1 0 X , 50HBROJ IS K O R I S C E N I H  PODINKREMENATA * , 1 5 / )

2 7 0 0  FORMAT ( I H  ,
1 62HKONVERGENCIJ A N I J E  POSTIGNUTA U DOZVOLJENOM BR. PODINKREMENATA)  

END

SUBROUTINE WRITE ( D I  S P , I D , N D F , D , NEQ, NUMNP)
I M P L I C I T  REAL*8  ( A - H , 0 - Z )
COMMON /K M C /  KM, ID W A , KMM, KAS 
COMMON /PRCON/  I P N O D E ( 2 , 8 ) , NPB
COMMON / E L /  I N D , I C O U N T , N U M M A T , M T O T , I TWO,N U M E , N U M I , NUM2, NUM3, K L IN  
DIMENSION N D F ( 1 ) , I D ( KM , 1 ) , D I  S P ( 1 ) , D ( 1 )
REWIND 8
R E A D ( 8 )  ( N D F ( I ) , 1 * 1 , NUMNP)
DO 10 T* 1 , NUMNP

10 R E A D (8 )  ( I D ( I , J ) , 1 - 1 , N D F ( J ) )
W R I T E ( 3 , 2 0 0 0 )
DO 150  I B - 1 , NPB 
N O D E 1 - I P N O D E ( 1 , I B )
NODE2 * IP N O D E ( 2 , 1 B )
DO 100 I I - N O D E 1 , N O D E 2  
DO 110 I  -  1 , N D F ( I I )

110  D ( I ) - 0 . 0
DO 120 1 * 1  , N D F ( I I )
KK * I D ( I , 1 1 )
I L *  I

120  I F  ( K K . N E . 0 )  D ( I L ) - D I S P ( K K )
W R I T E ( 3 , 2 0 1 0 )  I I , ( D ( I ) , 1 - 1 , 6 )

100  W R I T E ( 3 , 2 0 2 0 )  ( D ( I ) , I - 7 , N D F ( I I  ) )
160  CONTINUE  

RETURN
2 0 0 0  FORMAT( / 3 2 X , 16HP O M E R A NJ A / /  6H CVOR , 2 X ,

112H X -P O M E R A N JE ,12H Y - POMERANJE, 1 2H Z - POMERANJE, 1 2H X X -R O T A C IJ A ,  
2 12 H  Y Y -ROTACI  J A , 1 2H Z Z - ROTACI  JA / )

2 0 1 0  FORMAT( 1 X , I 4 , 3 X , 6 E 1 2 . 4 )
2 0 2 0  FORMAT( 3 X , 5 H W ( I ) : , ( 6 E 1 2 . 4 ) )

END

SUBROUTINE NEWDAV ( D I S P , D I S P I )
I M P L I C I T  R EA L*8  ( A - H , 0 - Z )
COMMON / S O L /  NUMNP,NBOUN,N E O , M A X E S T , N W K , M K , N S T E , I E L E  
DIMEN SION D I S P ( 1 ) , D I S P I C  1)
DO 10 I  - 1 , NEO

10 D I S P ( I ) - D I S P ( I )+  D I  S P I ( I )
RETURN
END

X
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FUNCTION PRDINN ( A A , B B , N )  
I M P L I C I T  R EA L*8  ( A - H , 0 - Z )  
DIMENSION AA ( N ) , BB( N )  
PRDINN * 0 . 0  
DO 100 I  -  1 ,N

100  PR DIN N“ PRDINN + A A ( I ) * B B ( I )  
RETURN 
END

SUBROUTINE C R I S I  ( V , D I S P O , R E , NEO)
I M P L I C I T  REAL»8 ( A - H , 0 - Z )
COMMON / V A R /  MODE X , K S T E P , I T E M A X , K P R I , I P R I , I T E , I E Q R E F , I R E F , KKSTEP  
COMMON / C R I S /  D P , DPSUM, D PO , D L , D ET ER , NRORC, A 1 ,A 4 ,W C 1  , WC2 , KLKR , NPP 
DIMENSION V ( 1 ) , D I S P O ( 1 ) , R E ( 1)
A4 * 0 .
DO 1 1 * 1 , NEO 
D l S P O ( I ) - V d )

1 A 4 * A 4 +R E ( I ) * V ( I )
I F  ( K L K R - 2 ) 5 , 2 , 2

2 B*DPSUM*A4  
C* - 2 . 0 * W C 2
DPO1 * ( - B + DSQRT( B * B - A4 * C ) ) / A 4  
D P 0 2 * ( - B - D S Q R T ( B * B - A 4 * C ) ) / A 4  
DP0*DP01
I F  ( ABS( D P O l ) . G T . A B S( D P 0 2 ) )  D P 0 -D P 0 2  
I F  ( K L K R . E O . 2 )  GOTO 3 0  

5 A l =0.
DO 10 1 * 1 , NEO 

10 A 1 - A 1 + V ( I ) * V ( I )
D S - D S 0 R T ( A 1 )
I F  ( K L K R . E 0 . 3 )  GOTO 16
I F  ( K S T E P . G T . 1 . O R . I E O R E F . E O . 1)  GOTO 20  

15 D L * A B S (D P O )* D S
I F  ( K L K R . E 0 . 3 )  GOTO 3 0  
GOTO 35

20  I F  ( D E T E R . L T . 0 . 0 )  D S - - D S  
DPO*DL/DS

35 WC2-(DPSUM + 0 . 5 * D P O ) *D P O * A 4  
I F  ( K S T E P . E O . l )  GOTO 3 0  
BETA-WC2/WC1  
T E T A * A B S ( A B S ( B E T A ) - 1 )
I F  ( T E T A . L T . 0 . 1 5 )  K L K R - 2  

30 DP-DPSUM+DPO 
DO 40  I  - 1 , NEO 
V ( I ) - D P O « V ( I )

4 0  R E ( I ) - D P O * R E ( I )
I F  ( K L K R . E O . 3 )  K L K R ■ 1
RETURN
END

SUBROUTINE C R I S 2  ( D I  S P I , D I  S P , D I SPO, WV, D IN C O R , NEO)
I M P L I C I T  R EA L*8  ( A - H , 0 - Z )
COMMON / C R I S /  D P , D P S U M , D P O , D L , D E T E R , N R O R C , A l , A 4 , W C 1 , W C 2 , K L K R , NPP 
DIMENSION D I  S P I ( 1 ) , D I S P ( 1 ) , D I S P O ( I ) , W V ( I ) , D IN C O R ( 1 )
T l - 0 .
T 2 * 0 .
REWIND 1
CALL LOADMS (D I N C O R )
I F  ( K L K R . E O . 1 )  GOTO 5 

6 A 1 - A 4  
AA* 0 . 0
DO 1 1 * 1 , NEQ

1 AA*AA + D I N C O R ( I ) * D I S P ( I  )
A 2 * 0 . 6 * A A +DP*A1  
A3 * 2 . 0  «DP »AA 
GOTO 15 

5 A2 * 0 .
A 3 - 0 .
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DO 10 I  - 1 , NEO 
A A * D I S P I ( I ) +D I S P ( I )
A 2 * A 2 +A A * D I S P O ( I )

10 A3»A3+AA*AA  
A 1 * 2 . 0  * A 1 
A2 » 2 . 0  *A2  
A3 * ( A 3 - D L * D L ) * 2 . 0  

15 D S * A 2 * A 2 - A 1 * A 3
I F  ( D S . L T . 0 . 0 )  GOTO 8 0  
D S-D SO R T (D S )
D L 1 ■ ( - A 2 - D S ) / A l  
DL2 * ( - A2 +D S ) / Al  
DO 2 0  1 * 1 ,NEQ
T 1 * T 1 + ( D I S P I ( I ) + D I S P ( I ) +D L 1 * D I S  P O ( I ) ) * D I S P I ( I )

20  T 2 * T 2 + ( D I  S P I ( I ) +D I S P ( I ) +D L 2 * D I S  PO( I ) ) * D I S P I ( I )
I F  ( T l . G T . 0 . 0 . A N D . T 2 . G T . 0 . 0 )  GOTO 30  
DLL *DL2
I F  ( T 1 . G T . 0 . 0 )  DLL »DL 1 

6 0  DO 4 0  1 * 1  ,NEQ 
40  D I S P ( I ) * D I S P ( I ) +D L L * D I S P O ( I )

GOTO 5 0  
3 0  D L L * D L 2

I F  ( A B S ( D L l + A 3 / A 2 / 2 .  ) . L T . A B S ( D L 2  + A 3 / A 2 / 2 . ) )  DLL = DL1 
GOTO 60  

50  DP=DP+DLL
DO 7 0  1 * 1  , NEO

7 0  W V ( I ) * W V ( I ) + D L L * D I N C O R ( I  )
RETURN

8 0  I F  ( K L K R - 2 )  9 0 , 1 0 0 , 9 0  
9 0  KLKR*2  

GOTO 110  
1 0 0  KLKR-1  
1 10  NPP * 1 

RETURN 
END
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