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 When a cylindrical shell subject to a compressive load, because of various imperfections happened 
during processes as manufacturing, handling, assembling and machining, buckling occurs in loads lower 
than corresponding static failure load. Still many of cylindrical shell structures are designed against 
buckling based on experimental data introduced by NASA SP-8007 as conservative lower bound 
curves. In the manuscript, non-linear methods of Modified Linear Buckling Modeshaped Imperfections 
(M-LBMI) and Single Perturbation Load Imperfections (SPLI) for composite cylindrical shell with and 
without cutout are investigated. In order to evaluate the numerical results composite cylinder with 
stacking sequence of [90/+23/-23/90] are manufactured by using filament winding method and buckling 
tests are performed under axial loading. Non-linear numerical results in cylinder with and without 
cutout are close together and have good agreement with experimental data. It was concluded that 
buckling load predicted by SPLI and modified LBMI method on cylinder with cutout is close to result 
of case without apply geometric imperfections. In summary, it was concluded that cutout on the 
cylinder body act as an imperfection to trigger buckling of the structures so there is no need to apply 
geometrical imperfections. 

Keywords: 
Buckling 
Composite cylindrical shell 
Geometric imperfections 

 

  

-1   
  

  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
14

.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-

25
 ]

 

                             1 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.14.7
https://mme.modares.ac.ir/article-15-2941-fa.html


    

        

  

368  1395166  

 ...  
 

 .

 

 -[1]  .-

  .
[2][3][4]  .

 
 .[5] 

 .

1975 
[6]  .

 1969 [7] 
 .

 .
       

21 .  %[8] 

 
  .

  .
1968  

NASA SP-8007 
 ( )  1  

 R/t ) 1 [9] .(
 

 
  

  
2 

[11,10] -23 [14-12]  
  

1 Knock-Down Factor (KDF) 
2 POSTOP 
3 PANDA-2 

  
1  NASA-SP8007 [9] 

Fig. 1 NASA SP-8007 diagram [9] 

  
  

[16,15] 

 
 

  .
[17]  .

  .[18] 
 .

  
2010 [19]  

 
 

  
[20] 2014 

  
 

 
[21] 

 
  .

3 
[±45/0/90]s, [±45/902]s, [±45/02]s  .

2015 [22] 

40 %
 

[25-23]  
 . 

  
  

= P P

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
14

.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-

25
 ]

 

                             2 / 11

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.14.7
https://mme.modares.ac.ir/article-15-2941-fa.html


    

        

1395166  369  

[26]  
STAGS1  

 .[26] STAGS 
[27] 2 
 .2013 [28] 

(SPLI)  
  .[29] 

 SPLI 
 . [29,28]

  

 -
 .

 
(M-LBMI3) (SPLI4) 

 

-2   
-1-2  

4 700 
mm189 mm  2.2 mm  3 

50, 80, 100 mm 
 .

 .1 
  

[90/23/-23/90] 
0.55 mm  ."2" 

   

-2-2   
LY556 

 .5 
E 2400  .

 5 cm .ASTM D3171 [30] 
55 %57 %  

  

1 )  
Table 1 Geometrical properties of samples (dimentions in mm) 
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Fig. 3 Location of strain gages cylinder, A. without cutout and B. with 
cutout  
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Fig. 4 Schematic of buckling test fixture 
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Fig. 5 Installation and reinforcement edge of cylinder 
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Fig. 6 Results of buckling test for cylinder without cutout  
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Table 3 Buckling load in cylinders without cutout 

  (kN) 
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A2 170.991 3.02 
A3 191.803 3.52 
A4 184.356 3.23 

 182.383 3.22 

 

 

Fig. 7 Cylinder after buckling  
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Fig. 8 Longitudinal strain on both sides of cylinder 
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Fig. 9 Results buckling test for cylinder with cutout 
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Fig. 10 A. Longitudinal strain around cutout     B. Circumferential strain around cutout 
10  .    .  
  

 

Fig. 11 B80 cylinder A. Before buckling B. After buckling 
11 B80  .  . 

 

Fig. 12 A. Meshing of cylinder without cutout   B. Meshing of 
cylinder with cutout   C. Detail of meshing 
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Fig. 13 Reaction load – End shortening curves for different amplitude 
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Fig. 14 Buckling load in LBMI method for = .  
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Fig. 16 Comparison M-LBMI and SPLI methods 
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Fig. 17 The first thirty modeshape of linear buckling in cylinder with 50 mm diameter cutout 
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Fig. 18 Buckling load in different modeshape patterns imperfections 
and = 0.18  in cylinder with 50 mm cutout 
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Fig. 19 Probability density function for buckling load with 50mm 
cutout 
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Fig. 20 Ratio of buckling load With perturbation load to without it in 
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Fig. 21 Reaction load – End shortening for cylinder without cuout in 
different method 
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Fig. 22 Cylinder after buckling  A. Buckling test  B. SPLI method  C. 
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Fig. 23 Reaction load – End shortening in different method for cylinder 
with 50 mm cutout 
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Table 6 Buckling load in different method for cylinder with 50 mm 
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Fig. 24 Buckling load in different methods and D/R ratio 
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Fig. 25 Cylinder after buckling, A. Buckling test B80 B. M-LBMI 
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