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A b s trac t : A n  e n d  b e a m  is  o n e  o f  th e  m o s t im p o r ta n t  s tru c tu ra l  m e m b e rs  s u p p o r tin g  u n c o v e re d  f re ig h t u n d e r  in - s e rv ic e  
lo a d in g .  In  g e n e ra l ,  i t  n e e d s  to  e n d u re  o v e r  2 5  y e a r s . H o w e v e r  fa tig u e  f r a c tu re  h a s  o c c u r re d  a t  d y n a m ic  s tre s s  
c o n c e n tra tio n  lo c a t io n  o f  th e  e n d  b e a m  b e c a u se  u se r 's  sp e c if ic a tio n s  d e m a n d e d  h ig h  s p e e d  a n d  v e h ic le  m a n u fa c tu re r  
m a d e  th e  u n c o v e re d  f re ig h t c a r  w ith  c o m p a ra tiv e ly  lo w  s tre n g th  a n d  s t if fn e s s . F o r  d u ra b i l i ty  a n a ly s is , f in ite  e le m e n t  
a n a ly s is  is  p e r fo rm e d  to  e v a lu a te  th e  p ro b le m  o f  u n c o v e re d  f re ig h t s tru c tu re  a n d  lo c a l  s tr a in . T h e  u n c o v e re d  f r e ig h t  c a r  
w a s  o p e ra te d  o n  a c tu a l  p ro b le m a tic  ra il ro a d  l in e  to  m e a su re  d y n a m ic  s tre s s  v e rsu s  t im e  h is to ry  o n  th e  c r i t ic a l  p a r t  f ro m  
w h ic h  a  c ra c k  is  in it ia te d  o f te n . R a in f lo w  c y c le  c o u n tin g  m e th o d  w a s  u se d  to  e s tim a te  fa t ig u e  d a m a g e  a t  d a n g e ro u s  a re a  
u n d e r  o p e ra t in g  c o n d i t io n . T h e re fo re , th is  s tu d y  sh o w s  th a t  a n a ly tic a l  fa t ig u e  l ife  a t  th e  e n d  b e a m  c a n  b e  p re d ic te d  o n  
th e  b a s is  o f  S -N  c u rv e  a n d  s t ru c tu re  a n a ly s is  a n d  h a s  a  fa ir ly  g o o d  c o rre la tio n  w ith  e x p e r im e n ta l  fa t ig u e  l ife .

K e y  w o rd s : F a tig u e  c u m u la tiv e  d a m a g e ( ) , L ife  p re d ic tio n ( ) , F in ite  e le m e n t a n a ly s is (
) ,  R a in f lo w  c o u n t in g ( ) , M o d if ie d  M in e r  ru le ( ) ,  S e rv ic e  lo a d ( )



1 3 2 , 2 0 0 52

.  

(d u ra b ili ty  a n a ly s is )  

.  

(d a m a g e  su m m a tio n  m e th o d )

(c u m u la tiv e  d a m a g e  th e o ry )
2 ,3 )

.  

.

( s e rv ic e  lo a d )

, 

(c y c le  c o u n tin g )  
4 ) P a lm g re n -M in e r  5 ) .  W a n g  

6 ) ( re v e rs a l)
7 )

( lo c a l s tra in  a p p ro a c h )

8 )

- 9 )

.

.  

,  

.  

Fig. 1 Process of fatigue damage calculation
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Fig. 2 Rainflow cycle counting
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Fig. 3 Scheme of P-S-N curve
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Fig. 4 Photographs of the crack initiation site and fractured 
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Fig. 5 Elements used for coupled effects and load, boundary 
condition of the freight car bogie
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Table 1 Mechanical properties of materials

M a te r ia ls
 P ro p e r t ie s

S S 4 0 0
(E n d  b e a m )

S M 4 9 0 A
(S id e  f ra m e )

Y ie ld  s tr e s s  ( M P a ) 2 4 5 3 2 3

T e n s i le  s tre s s  (M P a ) 4 0 2 4 9 0

E la s t ic  m o d u lu s  (M P a ) 2 6 8 × 1 0 3 2 1 3 × 1 0 3

P o is s o n 's  r a t io 0 .2 7 4 0 .3 1 6

D e n s i ty  (k g / ) 7 8 0 0

Fig. 6 Stress distribution of the freight car bogie

Fig. 7 Stress of the end beam for brake reaction
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Fig. 8 Locations of the strain gages
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Fig.  9  Time-correlated microstrain history
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Fig. 10 Comparison of measured stress and FEA result
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Fig. 11 P-S-N curve for SS400 steel
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Fig. 12 Result of a rainflow cycle histogram
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Fig. 13 Result of the damage histogram
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Fig. 14 Time-correlated fatigue damage

Fig. 15 Distribution of fatigue life for confidence region

Fig. 16 Comparison of predicted fatigue life and experi-
mental fatigue life by Miner rule
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