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 In this research, softening and ratcheting behavior of SS304L thin-walled shells under cyclic pure 
bending load were investigated. Experimental tests were carried out by a servo-hydraulic INSTRON 
8802 machine under force-control and displacement-control conditions and the effect of different 
parameters such as mean force, force amplitude, length of the shells existence and position of cutout 
were examined. Under displacement-control loading, softening behavior was observed and under force-
control loading with non-zero mean force, accumulation of plastic deformation or ratcheting phenomena 
occurred. Based on experimental results, linear relation was observed between plastic energy and rate of 
plastic deformation, which shows the rigidity of fixtures used in the experimental tests. It was observed 
that increase of the force amplitude was accompanied by an increase in maximum force and plastic 
deformation. Also, analyzing the existence of cutout, ratcheting displacement of cylindrical shells with 
cutout in the middle of shell is higher than that of the shell without cutout and crack propagation 
occurred in this area. Under displacement-control loading, reaction of thin-walled shells under cyclic 
pure bending load is divided into four areas, incubation, transition, steady-state and crack propagation. 
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Fig.3 stress-strain curve for SS304 
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Fig.4 Converting tensile-compact load into pure bending load by 
fixture  
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Fig.5 Load-displacement hysteresis loops curve 
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Fig.6 Ratcheting displacement vs. number of cycles for cylindrical 
shells with different mean forces and force amplitude 1.4kN under pure 
bending 
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Fig.7 Ratcheting bending vs. number of cycles with mean force 0.1kN 
and different force amplitudes 

7  0.1kN
F  

-3

-2

-1

0

1

2

3

-2 0 2 4 6 8 10

Fo
rc

e(
kN

)

Displacement(mm)

0

0.05

0.1

0.15

0.2

0.25

0 20 40 60 80 100 120 140

X
r=

m
ax

/L
ef

f

Number of cycles

Fm=0.9 kN

Fm=0.5 kN

Fm=0.3 kN

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 15 30 45 60 75

X
r=

m
ax

/L
ef

f

Number of cycles

Fa=1.1 kN
Fa=1.2 kN
Fa=1.3 kN

Transient point 

= 1.1kN

= 0.9kN

Transient point 

= 1.2kN

= 1.3kN

= 0.5kN

= 0.3kN

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
28

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                               5 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.28.7
https://mme.modares.ac.ir/article-15-6641-fa.html


    

 SS304L         

1395164  329  

1.4kN 0.5 0.9kN 
     .

  
  

 .  
   .

  
  .

)  
 

[23].  

4 -1-4-  
9 

1.4kN 0.5 0.9kN  .
 

    1 

 .10 

) 10 (
   

 .
) 10 (

   .  

4 -1-5- 
  

0.3kN 
1.4kN  .
10mm 11 

 . 12 

  .13 

  
 

 .

1 Shakedown 

 
 

24   
  

   
Fig.8 Ratcheting displacement rate vs. number of cycles for cylindrical 
shells under pure bending with different mean forces 
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Fig.9 Plastic energy vs. number of cycles for cylindrical shells with 
different mean forces and force amplitude 1.4kN under pure bending 
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Fig.10 Plastic energy vs. ratcheting displacement rate 
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Fig.11 Circular cutout at the middle of cylindrical shells  
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Fig.12 failure of specimen from location of cutout 

12   

  
 

 .0.3kN 
1.4kN  .

 .

50 14 . 

      
  

 13 14  
 

 [18]. 

4 -1-6-  
  

 280mm650mm 
  0.3kN 1.4kN 

 .15 
   .

  .

 
   

4 -1-7- 
  

16 
 25mm32mm     

  
  

 25mm32mm 
  

 

  
Fig.13 ratcheting displacement vs. number of cycles for cylindrical 
shells with mean force 0.3kN and force amplitude 1.4kN with/without 
circular cutout under pure bending 
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Fig.14 Ratcheting displacement vs. number of cycles of cylindrical 
shells with the mean force 0.3kN and force amplitude 1.4kN with a 
cutout at quarter of bending length and without cutout under pure 
bending  
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Fig.15 Ratcheting displacement vs. number of cycles for cylindrical 
shells for mean force 0.3kN and force amplitude 1.4kN and the length 
280mm and 650mm 

15 
0.3kN 1.4kN 650mm 280mm 

 

0

0.05

0.1

0.15

0.2

0.25

0 50 100 150

X
r=

m
ax

/L
ef

f

Number of cycles

Cylindrical shell with cutout

Cylindrical shell without cutout

0

0.05

0.1

0.15

0.2

0.25

0 20 40 60 80 100 120

Ra
tc

he
tin

g 
Di

sp
la

ce
m

en
t 

(X
r=

av
e/L

ef
f)

Number of cycles

With Cutout
perfect

0

1

2

3

4

5

6

7

8

9

0 10 20 30 40 50 60 70

A
ve

ra
ge

 o
f P

os
iti

on
(m

m
)

Number of cycles

L=280mm
L=650mm

First transient point 

Second transient point 

First transient point 

Transient point 

Second transient point 

L=280mm 
L=650mm 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
28

.7
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

20
 ]

 

                               7 / 9

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.28.7
https://mme.modares.ac.ir/article-15-6641-fa.html


    

 SS304L         

1395164  331  

  
Fig.16 Ratcheting displacement vs. number of cycles of cylindrical 
shells with mean force 0.3kN and force amplitude 1.4kN and length 
280mm with different diameters 
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Fig.17 Force changes vs. number for displacement-control in different 
geometries 
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