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Analysis and comparison of buckling load of lattice flat structures under axial
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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

Available Online 05 July 2016 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

Egmgrs;]el containing hexagonal, triangular, square, diamond and kagome grid are investigated under compressive
Buckling load axial load; and the results are compared with Diacube grid. The effect of network density used in each
Experiment structure on the buckling of these structures is studied under different boundary conditions. Regarding
Grid density the mass difference of samples, specific critical load parameter (the buckling load to mass ratio) is used

Boundary conditions 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. 2 Grid density intended for flat lattice structures
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Table 1 Geometry, mass values, buckling load and specific critical load of the specimens

$5-85 SS-CC cC-sS cc-cc M@) L) N xmm) S ey
Ps Pe Ps Pe Ps Pu Ps Pe
50.37 2598 53.55 2762 92.79 4786 107.13 5526 51.6 206.85 4 50 A
53.19 3250 56.51 3453 98.43 6014 108.84 6650 61.1 21408 6 3333 B
51.21 3694 58.25 4202 91.19 6578 105.48 7609 721 217.68 8 25 Cc ('t
49.37 4109 60.50 5035 89.31 7433 103.18 8588 83.2 211.20 10 20 D (E
47.72 4292 64.08 5764 86.53 7784 102.37 9208 90.0 206.87 12 16.66 E
31.99 2044 62.18 3973 66.53 4251 111.46 7121 63.9 21850 4 50 A
32.06 2242 65.60 4587 70.19 4908 113.80 7958 69.9 21984 5 40 B
30.98 2360 69.40 5287 75.57 5757 114.23 8702 76.2 21407 6 3333 C C);
30.68 2533 73.96 6106 78.31 6465 114.16 9425 82.6 20993 7 2857 D
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2733 1639 54.21 3250 64.79 3885 101.08 6061 60.0 206.85 4 50 B
26.68 1925 57.91 4179 66.56 4803 102.91 7426 72.2 21984 5 40 C é’:
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64.46 4555 67.34 4759 117.73 8320 125.89 8897 70.7 219.84 5 40 Cc \fé
63.31 4681 71.94 5319 114.76 8485 124.52 9207 73.9 20445 6 3333 D ©
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Fig. 4 Meshing detail for square-A specimen
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Fig. 9 Global buckling mode for square-E specimen under CC-SS
boundary condition
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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. 6 Global buckling mode for diacube-B specimen under CC-SS
boundary condition
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Fig. 7 Global buckling mode for hexagonal-B specimen under CC-SS
boundary condition
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Fig. 8 Global buckling mode for triangular-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

CC-CC 50 Ll p5 53 Brgigl aiged (M5 (2ileS 590 13 S

A Cad (G P jlade 05 oSl o JBs oled jo olie aSts
S,15 degils aslils

SS-CC gy byl i -3-3
S gy Oy3e Sdee sla iy (glp Ps polie "14 JSBT Jlogas o
Glp Ps jlade il ol o il 0ulds ools isles SS-CC (g0 Loyl
i G s HB panty b S 2l oot pales
4Ll CC-CC Lylys wisled 5 (g5 daslyds ol jo aS 048 oo alaxdlo
Ot ol (2258 o, W8B 5 005 50 Slaca, Il oS (55
A ol A5 2leS 090 15 U™ 0l et ple oy | P jladie
I it 6 o 3 S al ams e 5 € JKx Sl 01,
IS I3 L s el P e 03 slls (B 2Ib) o) 1y 4ot
Wb oo ial38l as ;0 20 ojlasl 4y Py Jlaie E B A cl> 5l asis

e 4 (B ) 055 oS JBz jl 2l cn g 5o s39) a5
b (P 09 by S @ Ced i pledily aope 13
s> S Sl e 0 i eeSUl Al sy EroasSlls
)0 A CgSLls a5 4y S (5 e loily oy 24 (E-5STLls)
5ham degilS 5 e sleaaSl P lade Ll 5l CC-CC cdl> wisles
2l m L Ps e (ieS ompe aSeD 5 WS 15 658 Al
obeaily as s 164 ol 4 E-gje) aSiils a5 laigs a4 o)l beass
ez a5 (e aSeh aizred (358 AT (e a4 Cond S
Grte olely Lass Lol cosl dogjls” aSlils aplive cwain jlisle bl

Ol degils aSl 4y o

SS-SS (6550 bl —4-3
59 ad ey oole BaSS L b bl soue Jdow 3l Jol> Py jolas
SaSid 0 Pg ade (ghye sl cpl 10 090 e alaxDle 16 S logas
oSt b ity slliodle LB psboer ks i 5 opSLls slo
o525 Sy )b pyiier 6 wseSLls aSd (CC-8S el wiilos 5 03
aSod JBz 5l S e 0 4 Gl ol oSl ple 4 oo
by DSR4 Sl Sy Olewily sy 23 (B-ogSL) 09>
S LS sy o (B ) o] 455 s e 0 595

6 o leis16 0,55 1395 ) gy piid 30 Sulle Gwiao

25 dbee GRIBIPs palie D B A Cllo jl aegils 5 (2lie oSt o
BA o 3l 55 6)9) a5 ;0.0 cad (6,085 D Sl 4y G E >
St B B L G 5 a8l Gl (Sl oy Sl L B
A3 o LhPs S A (JBs Sl 0 (onpe 808 ke pRelS
SIS Pg sty BB Sl as Iy s S ol 400l beaSl

CC-CC )0 byl ypis -2-3
Sz 2 3 ond (siluoe sladiges &5 (90 0 L (BLS )L s
oge ol oad ool las 12 S8 Jloged o il ead ol ad
3l S LS g i ool sla e oled 5 o3l &, oS
5b iy 6l (5590 45 CC-CC (550 Ll ) a5 05 o0 ali>dlo
53 4D (nl (IS GRS sge el raSid ple @ S ohay Sl
(Ps) o35 Sl o Stio iy ol po el o0 el las "13 8"
) I cdls ool i doye 11 o5lil 4 B I el jo
25 (B 555) 055 a3 Iz J) o e 55 c539) 45 il (E
O I8z e 5 955 By 13S0 & Comad (55 plendly oo
93 a5l S8 e 53 oaaSLls At (izmen 150 (B-ogSTLL)
o) 395 o Sl o 5 4 S (55540 oy 00,0 8 (B L)
Oleily eSSl ga2p0 450 (CC-CC) (5550 bl cnl 5 .00 (E
Ol @ Brisjg 4l &5 (b ol baaSed s G oBLS S
D10 Em (oo a8 4y S 5 5YL o5y Sl )L 112%

5 S35 ASeD 50 sl e alixde 12 JKET Jlogei o o5 jsbolen
A Sl oS I il aosSU 5 ali if slaaSet 3
o 09 e (p i 4 B a0 5wl e Gl oy Sl L B
38 o sle EDC sl cllor s 45 JIS (il b e
545 wm e S Eydgn ol bise £BIS s on (S L
eioe Gl il GHLS 45t S Gl 4 S sosbe
ki i) S 3 eiond Spnte s ol b L U
oo oRIBl Bl L el JBs Bl L ax ST oaSLls 5 (npe
Sl b ye bojle ol gole 4 5 wb oo alS Py lade Lol cauly
Joz 1) st 039 & 5k S aSd s G IS 50 50 Ll
G381 C I8 o b Py 55 angils 5 ilie slaaSids 10 5,5 ainly>
oizan oo Gl E Sl b aSid IS iglidl b s  azily

200 1
mA mB ®8C oD OE

160 4

=
N
o
L
]

e
o
L

Ps (N/gr)

o
o
s

O B - L L1
Hexagonal Triangular  Square  Diamond Kagome Diacube
Gride type
Fig. 12 Comparison of the specific critical load value under CC-CC
boundary conditions
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Fig. 14 Comparison of the specific critical load value under SS-CC
boundary conditions
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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. 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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