
  

  1395168 99-108
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

H. Zabihi Ferezqi, M. Shariati, S. Hadidi Moud, The assessment of Elastic Follow-up effects on strain accumulation due to creep and plasticity, Modares Mechanical Engineering, Vol. 
16, No. 8, pp. 99-108, 2016 (in Persian) 

  

12*3  

1-    
2-    
3-    
* 9177948944mshariati44@um.ac.ir

      
  

 :28  1395  
 :09  1395  

 :24 1395  

   
  -  . 

  . 
 .

  .
  .  

  .
 -  .

 
   R5  . 
  . 

   

  

 --

  

  

  

The assessment of Elastic Follow-up effects on strain accumulation due to creep 
and plasticity 

Hamid Zabihi Ferezqi1, Mahmoud Shariati1*, Saeid Hadidi Moud2 

1- Department of Mechanical Engineering, Ferdowsi University, Mashhad, Iran  
2- Department of Mechanical Engineering, Birjand University, Birjand, Iran 
* P.O.B. 9177948944, Mashhad, Iran, mshariati44@um.ac.ir 

ARTICLE INFORMATION  ABSTRACT 
Original Research Paper 
Received 17 May 2016 
Accepted 29 June 2016 
Available Online 14 August 2016 
 

 Assessment of strain accumulation due to nonlinear events like creep, plasticity or ratcheting 
phenomenon has gained importance, as it causes an increase in creep and fatigue damage of materials. 
Some factors like the magnitude of loading, constitutive equations or the elastic regions around the 
nonlinear events have an effect on the rate of strain accumulation. The elastic follow-up can explain the 
mechanism of strain accumulation. This phenomenon may occur when a mechanical structure with 
elastic manner is connected to non-linear events and they are subjected to a displacement load. In these 
cases, the high rigidity portion of elastic region of mechanical structure may enhance the force to the 
regions with low rigidity. So in the local non-linear portion, the strain is accumulated. This phenomenon 
is proposed as an important instruction in mechanical assessment codes. In this study, the effects of 
Elastic Follow-up phenomenon on strain accumulation due to elastic-plastic and local creep are 
investigated. So the Elastic Follow-up parameter is defined by the methods which are described in high 
temperature assessment procedures (R5). The results revealed that the strain accumulation depends on 
the elastic region in structures which is described by the Elastic Follow-up phenomenon. 
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Fig. 1 Strain concentration due to EFU. A, for Elastic-plastic and B, for creep [3] 
1  ( ) .- ( ) [3]  

  
Fig. 2 (a) Series bars (tube with a radial crack), (b) parallel bars (tube with an axial crack) and (c) combined bars (plate with a crack) 

2  ( )   ( ) )   ( )  ( )  )   
  

               )                                                 )                                                ( )  

 

 

K4  L4  A4 K2  L2  A2 

K3  L3  A3
K2  L2  A2 

K1  L1  A1 

K1  L1  A1K2  L2  A2
K1  L1  A1 

Radial 
crack 

Axial crack 

 Crack 

or 

 

 

or 

 

 

or 

= =St
re

ss
 (P

a)
 

Strain (m/m)    

X 

Y 

Final 

= 1

=

                                           

Elastic 

Creep curve 

Strain (m/m)    

X 

Y 

Final 

= 1

=

                                           

Elastic 

St
re

ss
 (P

a)
 

Stress-Strain 

)  )(  

=

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
26

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

26
 ]

 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.26.3
https://mme.modares.ac.ir/article-15-5610-fa.html


    

    

  

102  1395168  

3   

)2(  = +  

)3(  = = + = +  

n m B    
2K A L 

  .2 -2-2 

 1 
  .2 -3 

 12 4   
 

 

1   .
)2( )3( 

 
)4(     

)4(  =
( )

=  

3-1 -    
2 -  

t   .
 1 2  

  

)5(  = + = + = +  

   1 2 P

 .2 
)3 (  

)6(  = = = +  

)7(  

= + d = + d ,

=  

   

)8(    

= +
+

= + +

   .
)1(   

= 1 + 
  .

)2( )6( 
)7(  

)10(    

)10(  = + = + , =  

)8(  )9 (   

)11(  

= +
+

= + +

)12(  

= = , =

=  

        = 1 +     
    [10]   .      

 ( ) P 

  .
  .

 

   . 
 

3-2 -    
         

1    
Table 1 Loading conditions and non-linear events 

        

    ) -) 2-    )   

     ( ) -) 2-  P  ) -  

     ( ) -) 2-    )   

   ( ) -) 2-    ) -  
 
 
 
 
 
 
 
 
 

)9(  

= = d , =  

=
d

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
26

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

26
 ]

 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.26.3
https://mme.modares.ac.ir/article-15-5610-fa.html


    

    

1395168  103  

 
 

2-  P   .1 2 
P  :  .  

)13(  = +  

)14(  = =  

   1 2  
   1 2 

  .
2  .

-
)2(  

)15(  = = + =
+

 

)16(  = + , = =  

   

)17(  

= = +

= +  

P )12( 
 )1(   

)18(  

= = , =

=  

 q=1+ 
 [10]   .

 
   

3-3 -    

  
2    

          .
  

)19(  = = = = = , =  

P1 P2 1 2   .
   

)20(  = =  

)21(  = + d , =  

   

)22(  

= = + d

( ) = d  

)1( 

  

)23(  

= = d , =

= d = 1  

 
   

3-4 -    
2 -

1 2 3 
   .

   .
  

)24(  = = = +  
    12 3 

  .  3 
  

)25(  = = ( + )  

)26(  = + , = =  

   

)27(  

= = +
( + )

= + +  

)1(   

)28(  

= = , =

=  

                  
q=1+  

   

4 -  
  

 
  -

 
  .

   
        .  

             
            

         .  
             

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

8.
26

.3
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

26
 ]

 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1395.16.8.26.3
https://mme.modares.ac.ir/article-15-5610-fa.html


    

    

  

104  1395168  

      
4 

- .
2 1    

)29(  = , = +  

  
 -  .

2   .
 

 )30(    

)30(  = + 1 =  

 
)29( )30(    

)31(  = ( 1) , =  

2 
)=()31(   

)32(  =  

2 
  .= > 1   .

 ) 2 (
  

  .
 2   .

2 
  

 3  . 
-4 
LH t  

1 2    

2  
  

Table  2 Strain concentration factor and non-linear strain for second  
third and fourth analyses 
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Table  3 Elastic-plastic and creep cases with load-control and 
displacement-control loading and theirs EFU parameters  

    q  

 - 0.4 mm = 1 +  

 -  15 kN   

  1 mm = 1 +  
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Table 4 Dimension of specimen in local elastic-plastic and creep cases 
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Table 5 Material properties of Cr-Mo steel [3] 
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Fig. 6 Variation of stress to EFU parameter 
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Fig. 8 Variation of stress to displacement and EFU parameter 
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Fig. 9 Variation of creep strain to EFU parameter 
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Fig. 10 Relaxation of stress with time 
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Fig. 11 Relaxation of stress with time 
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Fig. 12 Variation of creep strain with time  
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