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Me z n í  s t avy pevno s t i  o c e lových k o n s trukc í j s ou o v l i v n ě -

ny p ř í tomno s t í  z bytkových napět í ,  vyvo l a n ý c h  te chno l o -

g i ckým proce sem p ř i  výrobě . J e  n a z n a č e n  pos tup urč e n í  

z by t kových napě t í  pomo c í  t e n z ome t r i c kého měře n í . P ř í -

k l ad j e  vypo č t e n  progr amem TEN Z O  n a  PC AT / 2 8 6 . 

Keywo r d s  : r e s idua l s t re s s , s t r a i n  gauge , e l a s to - p l a s t i c , pro -

g r am , p e r f o r a t e d  f I a t  p l a te 

L i m i t  s t rength s ta t e s  o f  s tee l s t ruc ture s are i n f luenced 

b y  a t e c h no l o g i c a l  pro c e s s  wh i c h  causes r e s idua l s t r e s  ses . A 

s tructure a r e  o f t e n  loaded in e l a s to -p l a s t i c s ta t e s  dur ing a 

t e c hno l o g i c a l  proc e s s . F i x i n g  o f  tube s into ope n i ngs o f  a p e r -

f o r a t e d  f I at p l a te by ro l l ing i s  an e x amp l e . Va l u e s  o f  res idual 

s t re s s e s  are impo rtand , i f  the me d i um f l ow ing throngh tubes 

can c a u s e  then a s t re s s  coro s ion c r a c k i n g . 

The Matar " s  me thod ( dr i l l i ng of open i n g ) c annot be u s e d  
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in any e a s e s , than an o r i g in a t e d  opening i s  not po s s i b l e  a lway s 

to remove by we lding or g r i n d i ng . We are o f t e n  intere s t e d  in a 

r e s po n s e  o f  mate r i a l  under loading dur i n g  a l l  teehno logieal 

proee s s . We e a n  determ i n e  r e s idua l s t r e s ses a t  the finish o f  

teehno log i e a l  proe e s s  u s  ing s tr a i n  gauge me thod , i f  re lations 

s t r a i n - s tre s s  E t = f ( o ) for a mono ton i e  loading and !J. Et = 

= f ( !J. o) for a braneh o f  hy s t e re s i s  loop i s  known . Nume r i e a l  

ana l y s i s  method i s  demo n s t r a t e d  in 1 1 1 . Thi s proe e s s  has fo l l o -

w i n g  s te p s : 

1 . C a l e u l a t i o n  o f  r e s idua l s t r a i n s  EO E 45' E 90 in the dire e -

tion o f  s tr a i n  gauge s from a fter we l d i n g  me a s u re d '  r e s idua l 

s t r e s  s e s  0 1 and O 2 . 
2 .  T h i s  s te p  i s  u s e d  when s tr a i n s  and s t re s s e s  r e a e h  the abs o -

l u t e  max imum a t  t ime i .  D e t e rmina t i o n  o f  to t a l  s trains 

from pre s sure p and r e s i d u a l  s tr e s  ses on s tre s s - s train eur-

ve for mono ton ine l o a d i n g  E t = f ( o ) , F i gu r e  1 . Ca leula t i on 

o f  the s tr a i n  inten s i ty E tr u s i n g  of Po i s son - s eoe f fieient 

v for e l a s t o - p l a s t i e  s ta t e . 

3 .  Thi s  s te p  is u s e d  when s t r a in s  and s t re s s e s  do not reaeh 

the a b s o lute max imum a t  the t ime i. Determination o f  the 

range of to t a l  s t r a i n s  from pre s s ure p on a braneh o f  

hy s te r e s i s  loop i j ( wh e r e  j � i - 1 ) !J. E t = f ( !J. o ) ,  F igure 1 .  

C a l e u l a t ion o f  t h e  r a n g e  o f  s t r a i n  i n te n s i ty !J. E tr • 

4 .  C a l e u l a t ion o f  E tr. i  and o . at the e n d  of a braneh of r. 7-
a hys te r e s i s  loop i n  the t ime i .  

5 .  C a l e u l a t i o n  o f  pr i n e i p a l  s tre s s e s  0 1 ' O 2 and s t r e s s  inten

s i ty 0r . The s e  s t r e s  s e s  a r e  r e s idua l s t re s s e s  a t  the end 

of eve ry pre s s ure e y e l e . An i t t e r a t i o n  proe e dure have to be 

used for determinat i o n  o f  E tr and 0r i n  the t ime i us ing 



3 1 9  

s te p  2 un t i l  5 .  Re l a t i o n s  € tl' = f ( 01' ) or 6 Etl' = f ( 601' 
and s t rength r u l e  for 0 1' have to be ful f i led . 

6 .  S t r e s  s compon e n t s  i n  an a x i s  direction o f  a we ld ° and i n  x 

a perpend i c u l a r  d i r e c t i o n  on t h i s  ax i s  ° are c a l c u l ated from �l 
'2.. - -"1  , CI  L ::-- " ...-.. 3....., ·\0 ,\ � �.!t - �Q... \C a..... �(:ť<i;;-U( ° 1 and 02 . 1 �- .� .... � ""'--' "....,."" "tO- -",;t -. ..,., 

Re l a t i o n s  € tl' = f ( 01' ) and 6 € tl' = f (6 01' ) are taken 

e i ther for ma te r i a l  Rambe r g - O s good type or for ide a l  e l a s to -

p l a s t i c  ma t e r i a l . 

Re s idual s tre s s e s  wa s d e t e rminated in a per forated fIat 

p l a t e  and tube s ( F igure 2 )  u s ing program TEN ZO , Tab l e  1 .  

Tab l e  1 .  Re s i du a l  s t re s s e s  c a l c u lated by program TEN Z O  

Tube o u t s ide l i game n t  Li gament o f  per forated flat 

Sy = 642, 1 MPa plate ! Sy = 334, 2 MPa 
ha l f  I ° 1  I ° 2  I ° ha l f  I 0 "J.  ! ° 2  I ° 
c y c l e l ! l' l' 

[MPa ] [MPa ] [MPa ] c yc l e i  [MPa ] [MPa ] : [MPa ] I ! 

- 7 , O ! ! , 1 4 3 4 , 6  i 4 3 8 , 1  1 I - 3 6 , 6  3 5 , 1  - 6 2 , 1  
I : i I 2 - 2 7 , 0  I - 9 0 , 1  - 8 0 , 1  2 ! 2 , 7  9 , 0  , - 8 , 0  

3 2 9 , 5  i 5 5 6 , 2  5 4 2 , 1  3 - 6 2 , 4  ! 4 4 , 8  - 9 2 , 3  
I 4 - 2 7 , 0  ! - 9 0 , 1  - 8 0 , 1  4 4 , 7  1 5 , 8  I - 1 4 , 0  
I 5 9  I 1 0 8 , 2  5 4 8 , 6  5 0 3 , 3  2 3  - 3 3 0 , 1  - 2 0 , 9  , - 3 2 0 , 1  ! I , 

6 0  - 7 1 2 , 7  I - 5 3 3 , 4  - 6 4 2 , 1  2 4  - 3 4 4 , 2  : - 6 8 , 2  I - 3 1 5 , 7  
I I 6 1  I - 3 8 1 , 6  - 4 4 , 5  - 3 6 1 , 4  2 5  - 3 3 8 , 8  I - 5 0 , 2  - 3 1 6 , 7  I 

- 6 2 9 , 4 1 - 5 0 8 , 4  I 
, 

: - 3 4 5 , 6  i I 6 2  i - 5 7 8 , 4  2 6  - 7 2 , 7  I - 3 1 5 , 6  

When s t re s s e s  01 a n d  02 a r e  c a l c u lated from a h a l f -

c y c l e  E 1 , E 2 , w i t ho u� program �EN Z O , we get d i f fe rent va-
. .....:.......;._.:.:.::.:.:..: ____ .. :c:.zc_ . : :_:.: ..:..:.., • .-•. ;:;.;!..� __ :::t::_ 

lue s from v a l ue s  o f  Tab le 1 .  For examp le we get for tube 

° 1 = 833, 5 MPa and °2 = 4 780 MPa . 
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F i gure 1 .  F i gure 2 .  
H i s tory o f  l o a d i n g  Det a i l  o f  s tructure 

[ l J  Ve j voda , S . : F a t i gue L i fe P r e d i c t i o n  o f  the Rep a i r e d  

[ 2 J 
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