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The pape r dea l s  v i l h l he e x pe r i me n l a l ve r l f l cal i on 

o f  " l he shakedovn l heory" o f  l he f r a m e  s l r u c l ure sub 

j e c l e d  lo cross - be n d i nq s l ress due lo e l as l o - p l asl i c  

e f f e c l  from l he v i e v po l n l o f  l he comp l e x sys l e m  o f  l he 

re l l ab i l l l y cond l l l ons o f  l he l oad i n q capac i l y l i . l l  

s l a l e . The a i m  o f  l he e x pe r i m e n l a l I n v e s l l qa l i on vas lo 

s l udy l he s l ra l n  de forma l i ons o f  l he m o s l  s l ressed sec 

l i on o f  l he l e s l  mode l suf fer l nq cyc l l c  changes o f  

mechan l ca l  And l he r m a l l oad l nqs v l l h l he purpose o f  ob 

l a i n i n q l he vork l nq s l r uc l ure d i aqram . 

M a l e r l a l s  are p l a s l l ca l l y  de f ormed due lo l he s l ress app l i 

ed above c e r l a i n  e x l e n l . M a l e r i a l  beha v l o ur i n  a p l asl i c  area 

I s  sube j c l e d  l o  e x l e rna l aqe n l s . One of such poss i b l e  faclors 

are cyc l i c  chanqes of m e c han i ca l  And l he r m a l l oad l nq o f  a ma l e 

r i a l  resu l l i nq i n  l he r l se o f  u l l i ma l e  a r e a s  o f  p l asl i c  s l r a 

I ns .  Bes i des l h a l  I I  I s  i mpor l a n l  lo de f l ne l he chanqe ranqes 

of e x l erna l forces And l e mpera l ures a l  v h l ch p l asl l c  slra i ns 

occur on l y  v l l h l he f i rs l  l oad i nq cyc l e s .  A f l e r  a cerla l n  num 

ber o f  l oad l nq cyc l e s l he i ncre ase of p l a s l l c  s l r a l ns I s  h i g h l y  

reduced And v i l h f ur l he r  l oad l nq l he s l uc l ure I s  de formed a l 

m o s l  e l as l i ca l l y .  Ca l cu l a l i on o f  s l req l h  v l l h l he e f fecl of re 

pe a l e d  l oads . e s pec l a l l l y v l l h lhe cyc l i c  e f f e c l  o f  me chan i ca l  

And l herma l l oad l nq .  may b e  done b y  " l he l he o r y  o f  shakedovn " . 

The mosl sU i l ab l e  re l i ab i l l l y And durab i l i l y cons i deral i on o f  

a n y  s l rucl ure l ype exposured l o  l he l he r m a l f i e l d  c a n  b e  re a l l 

zad by l e s l s  s l m u l a l l nq opera l l ona l cond l l l ons . The use o f  mo 

da l s  f o r  exper l me n l a l s l udy o f  fa l l ur e  processe s due lo l he 

l he r m a l e f f e c l  I s  conne c l e d  v i l l h d l f f i cu l l l e s .  There fore con 

d l l i ons s l m i l ar lo l he rea l ones are s i m u l a l e d . Mode l s  ul i l i za 

l l on vas j us l l f l ed i n  l he cases vhere a l l a l ne d  resu l ls v e r e  

used n o l  on l y  for s l r e n q l h  e s l l ma l l on o f  a q l ve n  s l ruc l ure . bul 

a l so for a par l i a l  ve r i f l ca l i on of hypo l he s e s  used for ca l cu l a 

l l on . 

The s l a l l c  l heorem ca l e d " l he Me l an ' s  shake dovn lheore m "  i s  

usua l l y  e xpressed by l he l ve s l a l e m en l s : 1 .  The s l ruc l ur e  i s  shaken dovn lo l he cyc l l c  l oad I f  I l s 

behav l our a f l e r  one cyc l e  or severa 1 f l rs l  ones becomes f l e x i b 

l e  s l nce I I  I s  poss i b l e  l o  f l nd such a l i ma I nde pendanl f l e l d  

o f  res l dua l s l resses 0 1 1 r l ha l  l he l r  sum v l l h s l ress l n  an I de 

a l  f l e x i b l e  s l rucl ure 0 1 1 - a l  any l oad chanqes v l l h l n  de lerm l 

ned l l m l l s forms l he 50 ca l l e d s a f e  s l ress s l a l e  
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( l ) 
l y l nq I ns l de t he p l ast i c i t y su( race . The s t a t e ll e n t  I s  based 

upon t he (act that the shakedovn v i l I  a c t ua l l y  be re a l l zed I (  

i t  .ay happen v l t h t he c yc l l c  l oad l nqs v l t h l n  q l ve n  l l m l t s .  2 .  The s t ruc t ure doe s  n o t  shakedovn I (  t here i s  no t l ll e 

I nd e pe nde t ( I e l d  o (  res l dua l s t resse s . t hus i n  the SUII v l t h 

( l e x l b l e  s t r e s s  at any l oad l nq chanqes i t  cons t l t u t e s  a pe r. i t 

t e d  s t re ss s t a t e . 

The ma i n  pa r t  o (  - t he Ko l te r ' s  t heore . - i s  t he equat l on 

vh l ch e n ab l e s to d e t e r ll l ne t he l l ll l t  l oad l nq va l ue a t  t he q i ve n  

ranqe o (  1 s t chanqe prov l de d  t h a t  I t s repe a t e d  e ( ( e c t  v l t h e i t 

her arb l trary or ( I xed l oad l nq proqra.lle does nol l e ad lo l he 

cyc l l c  p l a s l i c  stra i n  ( a l l e r na l l nq p l as t i c  s l ra i n  or un l l a l e r a l 

I n crease o (  p l asl i c  s l ra l n ) . 

( 2 )  

The equa l l on ( 2 ) de ( l nes l he equa l l l y b e l v e e n  l he e x l e rna l (or 

ces e ( ( e c l  on r e s l dua l d l sp l ace m e n l s  o( p l as l l c  enerqy per cyc 

l e  I n l e rva l T .  

I n  lechn l ca l  prac l i ce l he r e  are o ( l e n  cases vhen l he body 

l s  s u ( ( e rs b o l h  e x t e rna l l oad l nq e qua l l o  one para.e l e r  and l he 

cyc l i c  chanqeab l e  l herlla l ( I e l d .  The (a l l ure lIechan l sm I s  t hus 

de ( l ned on l he base o( l he e x l erna l l oad and corre spond l nq 

s t resses o (  add l l l ona l l oad l nq l n  a l l pO l n l s  o( l he body i n  

vh l ch I ncrelle n l s  o (  p l a s l l c  s l ra l n  over a cyc l e  are d l s l l nc l  

( roli zero . A l  l he cacu l a l i on such a l oad l nq acl l nq upon a de ve 

l op l nq ( a l l ure I s  cons l de r e d  lo be cons l a n l  and e qua l lo I l s 

max l llulI va l ue corre spond l nq v l l h l he mosl un ( a v ourab l e  l oad l nq 

proq ramlle . 

K l n e ll a l l c  t heorell u l l l l za l l on can be v l de n  (or such casse s 

vhen l he s l r uc l ure I s  s t r e ssed by bo l h  lIechan l ca l  l oad l nq and 

lherlla l c yc l e s .  and t hus l he e qua l l on I s  

f X l b U 1 0 dV . f P l d U 1 0 dS . f  o � , d E l ' O P dV - f ( d E l ' OP ) dV 
v SP Vd V 

( 3 )  

l n  vh l ch X l . Pl are lIax l llUII va l ues o( vo l ulle and are a (orce s . 

l he s l resses 01*' are der l ve d  (roli t herlla l l oads . The equa l i on 

nov e xpresses lhe decrease o (  l he s l ruc t ure carr l e r ab l l i l y 

correspond l nq v l t h l he ther.a l cyc l e s e ( ( e c l . 

Tensome l r l c  lI e asur l nq vas pe r (ormed on l he (ra.e vork sub 

j e c l e d  l o  l he cyc l l c  lIechan l ca l  and cyc l l c  l he r ll a l l oad l nq l n  

se l e c l e d  cross secl l o ns . The cyc l l c  mechan l ca l  l oad l nq vas rea 

l l zed by (orce scre vs . vhereby one o( lhell vas I nduc l nq upvards 

l oad l nq v h l l e  l he o l he r  one vas used (or l he dovnvard d l recl l 

on . Upvard l oad l nq vas carr i e d oul by l he ro l l .  The rma l cyc l l nq 

l oad l nq vas I nduced l n  l he e l ec t r l c  ( urnace . He a l l nq speed 

qrov l h  vas ach l e v e d  b y  l he l v o  add l l l ona l he a l l nq sp l ra l s  and 

( o ur e l ec l r l ca l  I n ( ra - red he a l ers . 

The (rame vork vas bu l l l - I n  t he base board .ade o (  l he a a t e 

r i a l . l he t e llpera t ure e x l e ns l b l l l t y coe ( ( l c l e n l  o (  v h l ch vas 

l over l han l h a l  o( l he s l e e l . Fur l her e x l e ns i b l l l ty decrease o (  
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l he base board due lo l he l e _ pe r a l ure vas a l l a l ne d  by l he l he r 

_a l I nsu l a l l on o f  asbe s l o s  fabr l c .  The con f l gura l l on o f  L he ex 

pe r l .e n l a l e qu l p_e n l  1 5  shovn l n  f l gure 1 .  

The proposed .e l hod o f  lhe 

e x pe r l _ e n l a l l n  vesl l ga l l on ap

p l l . d v.r l f y L h l s  L h.ore l l ca l  

so l u l l on acqu l red L he procedure 

by _eans of v h l ch I I  i s  poss l b 

l e  l o  con f l r_ o r  e l l . l na l e  L he 

correcL ness o f  L he resu l l s and 

aL L he sa.e l l _e L o  e l l _ l na L e  

sys l e .a L l c  e rrors o f  l he expe 

r l me n l . I n  L he f l rs L  phase o f  

L he exper l _e n l a l I n v e s L l ga l l on 

L he s l ov _echa n l ca l  cyc l l c  l oa 

d l ng vas so l v ed . The l oad l ng 

vas caused by force scre vs , 

vhereby L he l od i ng va l ue vas 

I nduced by dyna_o_e L e rs . By me 

ans o f  L he . e L hod _ e n L l oned 

above and v l L h conne c l e d  L e nso 

_e l ers , l he r e  vere , recorded 

on l y  bend l ng s L ra l n  va l ues . By 

L he he l p  of e x pe r l _e n L a l _ e l hod 

l L  vas e s l ab l l shed L h a l  L he 1 0 -

ad l ng change l e ads L o  l he chan 

ge o f  l he bend l ng s l ra l n  s l gn .  

I n  f u r l h e r  procedure l he 

prob l e . o f  s l ra l ns due lo cyc - F t g . 1 
l l c _echan l ca l  l oad i ng v l l h 

d l f f eren l l e ves o f  l her_a l l oad l ng vas be l ng so l ved . Cyc l l c  

_e chan l ca l  l oad l ng vas e s L ab l l shed l n  l he sa_e vay as i L  had 

been m e n l l oned above . The l e . pe ra L ure l e ve l l n  L he course o f  

L hese cyc l l c  mecha n l ca l  changes vas changed l n  max i _ a l  de gree 

v l L h l n  L he range 4 0 C .  

Re l a L l onsh l p  o f  L he cyc l l c  l oad l ng and L e pera L ure aL L h e  

cons L a n L  l e ve l o f  mechan l ca l  s L ress vas f u L he r  so l ved . The 

Lher.a l grov l h  vas l i m i L ed by Lhe used L e nsome l r l c  sensors and 

a pp l l e d b l nd l ng age n L . Ov l ng L o  L he L e nsome L r l c  sensors i L  vas 

n o l  necessary l o  use l he curve o f  s l _u l a l l ve s l ra l n  cause d by 

L e mperal ure . 

Measure . e n l  vas carr l e d oul by Lenso.e L r i c  se nsors d i s L r i 

b u L e d  by L he f l rms M - M  MEASUREMENTS GROUP and HOTT I NGER BALDW I N  

MESSTECH N I K .  Adhes l ve M - Bond 6 1 0  and E P  250 f y  M - M  MEASURE M E N T S  

GROUP vas app l l e d L o  L e n so.e L r l c  sensors W K - 06 - 1 25BQ - 1 75 .  

Hechan i ca l  l oad i n g vas I de n l l f i e d by dynamo.e l ers KMB H 5KN 

L ype and e l e c l r l c  f urnace STE 23 l ype .ade by Ch l rana v a s  use d  

L o  I nduce L he r . a l l oad l ng as ve l e  as L vo ress l s l a n l  e l e c L r l ca l  

sp l ra l s  and four ceram l c  i n f ra - red he a L ers 5 1 3  L ype _ade by 

ELEKTRO PRAGA H l i nsko . The l e _ pe r a L ure vas _easured by L he con 

l a c L  e l e L ron l c  m u l L I .e L e r  V - 640 l ype . The _e asure _ e n L  vas pe r 

for.ed b y  l e nsome L r l c  equ l pme n l  M 200 , .ade by M I KROTECHNA Pra 

gue . 

Bend l ng s L r a l n  va l ues vere measured l n  f l ve cross escL l ons . 

bo L h  v l L h L he cyc l l c  .echan l ca l  l oad l ngs and l he cyc l l c  Lhe r.a l 

l oad l ngs . A L  L h e  cyc l l c  .echan l ca l  l oad l ngs l L  vas esLab l i s hed 

by bo l h  L he ca l cu l a L l on and e xper l me n l a l l y L ha l  .ax l _a l  sLra l ns 

are i n  L he cross s e c L l on of L he l oad i ng p l ace . W I L h L he L e s L  
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mode l 1 5  s t r a i n  va l ues are g l ve n  i n  t he p l ace o f  L e nsome Le r  T3 

f l g .  2 .  In oL her cross s e c L l ons t he measured s t r l an va l ues cor 

respond v i t h L he ca l cu l a t e d  va l ue s . 

THE TEST MODEL 15 lhe worklng diagram 
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The proposed me t hod o f  t he expe r l me n t a l I n v e s t i ga L i on l n  

t he f l rs L  phase v l t h l oad l ng to a ce r t a l n  force va l ue and a L  

L he gradua l un l oad l ng Lo 2ero va l ue .  and r e pe a t e d  l oad l ng and 

un l oad l ng Lo t he same boun ds .  proves t ha t  a l l f ur t he r  cyc l e s 

s t a r t l nq v l L h t he t h i rd one are equa l . I t  I s  n o L  poss i b l e  t o  

drav conc l us l ons for descr l pt l on o f  m a L e r l a l  behav l our v l t h t he 

l oad l ng cyc l i ng number l over t han t hree . On L he o t he r  hand . l L  

I s  vas n o t t  poss l b l e  t o  cons l de r  t he s t ruct ure m a L e r i a l  behav i 

our i f  t he m a t e r i a l  vas under any k i nd o f  l oad i ng be fore l L  had 

been i s  exper l me n t a l l y I nv e s t l g a t e d  L o  demons t r a L e  t he s L r uc L u 

r e  shakedovn . 
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