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Thin sheets stiffened with lattice structures are used widely in many engineering industries. 
Investigation of stability behavior for the grid structures and determination of the buckling load under 
compressive loads is an issue that has attracted the attention of many researchers, and extensive studies 
have been done in this field. In this paper, a new grid called Diacube is introduced and its buckling load 
is examined. For this aim, first, the buckling behavior of 5 common types of stiffened flat lattice panels 
containing hexagonal, triangular, square, diamond and kagome grid are investigated under compressive 
axial load; and the results are compared with Diacube grid. The effect of network density used in each 
structure on the buckling of these structures is studied under different boundary conditions. Regarding 
the mass difference of samples, specific critical load parameter (the buckling load to mass ratio) is used 
for comparison between the structures. Using the finite element modeling and numerical analysis, the 
grid that has the highest buckling load in each boundary condition is determined. It is found that if 
unloaded edges in lattice panels are simply supported, the new Diacube grid will have the highest 
buckling load among all structures. Finally, validity of the numerical result obtained for two samples of 
the structures including hexagonal and Diacube grid is evaluated experimentally; and the numerical 
results are confirmed. 
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Fig. 1 Configuration of the lattice panels:  a) Hexagonal, b) Triangular, c) Square, d) Diamond, e) Kagome,  and f) Diacube  
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Fig. 2 Grid density intended for flat lattice structures 
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1  
Table 1 Geometry, mass values, buckling load and specific critical load of the specimens  

    
x (mm)  N  )mm(L   )gr(M   

CC-CC  CC-SS  SS-CC  SS-SS  

Pcr  PS  Pcr  PS  Pcr  PS  Pcr  PS  
                            

 
  

A  50 4 206.85 51.6 5526 107.13 4786 92.79 2762 53.55 2598 50.37 

B 33.33 6 214.08 61.1 6650 108.84 6014 98.43 3453 56.51 3250 53.19 

C 25 8 217.68 72.1 7609 105.48 6578 91.19 4202 58.25 3694 51.21 

D 20 10 211.20 83.2 8588 103.18 7433 89.31 5035 60.50 4109 49.37 

E 16.66 12 206.87 90.0 9208 102.37 7784 86.53 5764 64.08 4292 47.72 

               

 

A  50 4 218.50 63.9 7121 111.46 4251 66.53 3973 62.18 2044 31.99 

B 40 5 219.84 69.9 7958 113.80 4908 70.19 4587 65.60 2242 32.06 

C 33.33 6 214.07 76.2 8702 114.23 5757 75.57 5287 69.40 2360 30.98 

D 28.57 7 209.93 82.6 9425 114.16 6465 78.31 6106 73.96 2533 30.68 

E 25 8 206.85 89.0 10178 114.32 6968 78.27 6742 75.73 2690 30.21 

         .        

 

A  33.33 3 212.00 53.7 4442 82.78 3198 59.60 1734 32.31 1179 21.97 

B 25 4 212.00 62.6 5197 83.02 3771 60.24 2308 36.87 1386 22.14 

C 20 5 212.00 71.6 5820 81.35 4356 60.88 2836 39.64 1584 22.14 

D 22.22 6 212.00 81.4 6480 79.56 4998 61.37 3464 42.53 1798 22.08 

E 20 7 212.00 89.4 6852 76.61 5501 61.50 3987 44.58 1988 22.23 

                 

 

A  50 4 212.00 56.6 8902 157.28 4251 75.11 4014 70.92 1603 28.32 

B 40 5 212.00 62.9 10245 162.83 4750 75.49 4801 76.30 1803 28.66 

C 33.33 6 212.00 69.3 10903 157.44 5071 73.23 5597 80.82 1887 27.25 

D 28.57 7 212.00 75.6 11606 153.58 5319 70.39 6356 84.11 1965 26.01 

E 25 8 212.00 81.9 11990 146.42 5698 69.58 6986 85.31 2042 24.94 

                 

 

A  66.67 3 214.07 53.8 5322 98.89 3395 63.08 2705 50.26 1415 26.29 

B 50 4 206.85 60.0 6061 101.08 3885 64.79 3250 54.21 1639 27.33 

C 40 5 219.84 72.2 7426 102.91 4803 66.56 4179 57.91 1925 26.68 

D 33.33 6 214.07 78.4 8068 102.88 5318 67.81 4931 62.88 1989 25.36 

E 28.57 7 209.94 84.8 8716 102.78 5741 67.70 5530 65.21 2103 24.80 

                 

 

A  66.67 3 204.45 51.6 6604 128.03 6078 117.84 3136 60.80 3330 64.56 

B 50 4 214.07 60.8 7893 129.82 7466 122.80 3850 63.32 3998 65.76 

C 40 5 219.84 70.7 8897 125.89 8320 117.73 4759 67.34 4555 64.46 

D 33.33 6 204.45 73.9 9207 124.52 8485 114.76 5319 71.94 4681 63.31 

E 28.57 7 209.94 83.3 10057 120.72 9061 108.76 6289 75.49 5102 61.24 

3 -  
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Fig. 3 Geometry and dimensions of hexagonal-B model 
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Fig. 4 Meshing detail for square-A specimen  
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Fig.  5 Comparison of the specific critical load value under CC-SS 
boundary conditions  
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Fig.  6 Global buckling mode for diacube-B specimen under CC-SS 
boundary condition  

6 -B CC-SS  
  

  
Fig.  7 Global buckling mode for hexagonal-B specimen under CC-SS 
boundary condition  

7 -B CC-SS  
 

 
Fig.  8 Global buckling mode for triangular-D specimen under CC-SS 
boundary condition  

8 -D CC-SS  

  
Fig.  9 Global buckling mode for square-E specimen under CC-SS 
boundary condition  

9 -E CC-SS  
 

 
Fig. 10 Global buckling mode for diamond-B specimen under CC-SS 
boundary condition  
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Fig. 11 Global buckling mode for kagome-D specimen under CC-SS 
boundary condition  
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Fig. 13 Global buckling mode for diamond-B specimen under CC-CC 
boundary condition  

13 -B   CC-CC 

S 
 

3-3 - SS-CC 
 ""14 S 

SS-CC  .S 
 .

 CC-CC

 
S  ."15" 

C  . 
)  E (S 

A E S 20  
) E( 

13  
-E  .

)-E(24 -A  
CC-CC S 

S 
 .-E 164 

-A  .
  

 .  

3-4 - SS-SS  

S 
"16"  .S -

CC-SS 

 . 
) -B (23 

      )-B .  (      

0

40

80

120

160

200

 Hexagonal Triangular Square Diamond Kagome Diacube

Ps
  (

 N
 / 

gr
 )

Gride type

A B C D E

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

6.
4.

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

 ]
 

                             8 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.6.4.7
https://mme.modares.ac.ir/article-15-1519-fa.html


    

    

1395166  341  

  
Fig. 14 Comparison of the specific critical load value under SS-CC 
boundary conditions  

14 SS-CC  

  

  
Fig. 15 Global buckling mode for diamond-E specimen under SS-CC 
boundary condition  
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Fig. 16 Comparison of the specific critical load value under SS-SS 
boundary conditions  
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Fig. 17 Global buckling mode for model diacube-B in boundary 
condition SS-SS 
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Fig. 18 Global buckling mode for model hexagonal-B in boundary 
condition SS-SS 
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Fig. 21 Load–displacement diagram for hexagonal-B models 
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Fig. 22 Load–displacement diagram for diacube-B models 
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Fig. 23 Global buckling mode for hexagonal-B model in 
experiment 
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Fig. 24 Global buckling mode for diacube-B model in experiment 
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