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Buckling Analysis of Corrugated Board using Finite Element
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ABSTRACT

The top-to-bottom compression strength of corrugated board box is the most important mode of loading during
its use, and it depends largely on the edgewise compression strength of the corrugated board in the
cross-machine direction and to a considerable extent on the flexural stiffness in both principal directions (CD;
cross-machine direction, MD; machine direction) of the corrugated board.

Corrugated board is a sandwich structure with an orthotropic property. The purpose of this study was to
elucidate the principal design parameters for' board combination of corrugated board from the viewpoint of
bending strength through the finite element analysis [FEA] for the various corrugated board.

In general, the flexural stiffness [FS] in the MD was 2~3 times larger than that in the CD, and the effect of
liner for the FS of corrugated board was much bigger than that of corrugating medium. The flexural stiffness
index [FSI] was high when the stiffness of liner was in the order of inner, outer, and middle liner in
double-wall corrugated board [DW], and the effect of the stiffness arrangement or itself reinforcement of
corrugating medium on the FSI was not high. In single-wall corrugated board [SW] with DW, the variation of
FSI with itself stiffness reinforcement of liner was much bigger than that with stiffness arrangement of liner. The
highest FSI was at the ratio of about 2:1:2 for basis weight distribution of outer, middle, and inner liner if the
stiffness of liner and total basis weight of corrugated board were equal in DW. Secondarily, basis weight was in
the order of inner, outer, and middle liner. However, the variation of FSI with basis weight distribution between
liner and corrugating medium was much bigger than that with itself basis weight distribution ratio of liner and
corrugating medium respectively in both DW and SW, and the FSI was high as more total basis weight was
divided into liner. These phenomena for board combination of corrugated board based on the FEA were well
verified by experimental investigation.

Keywords : Corrugated board, Board combination, Flexural stiffness, Finite element analysis, Four-point bending

test, Orthotropic material.
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Table 1 Material properties applied in FEA by stiffness arrangement of the corrugated

board
Linerboard Corrugating medium
Items
a b c A B
2.01(MD), 4.02(MD), 6.03(MD), 2.01(MD), 4.02(MD),
Young's modulus, GPa 0.67(CD) 1.34(CD) 2.01(CD) 0.67(CD) 1.34(CD)
Fup/Ecp=3, ab:c=1:2:3 Emp/Ecp=3, A:B=1:2
Poisson’s ratio, — 0.36(MD), 0.12(CD), imp/iico=3 0.36(MD), 0.12(CD), pmpficp=3

Notes : examples of board combination; (DW)OL/MLAL/OCAC=bla/c/A/B, (SWYOLAL/C=b/a/B (OL=outer liner, ML=middle
liner, IL=inner liner, OC=outer corrugating medium(B/F), IC=inner corrugating medium(A/F))

Table 2 Material properties applied in FEA by basis weight distribution of the corrugated

board
AB/F-DW A/F-SW
Items
Linerboard Corrugating medium Linerboard Corrugating medium
Basis weight”, g/m’ 1,200 700
Density”, g/cm® 0.8 0.7 0.8 0.7
4.02(MD), 1.34(CD) | 2.01(MD), 0.67(CD) | 4.02(MD), 1.34(CD) | 2.01(MD), 0.67(CD)
Young's modulus, GPa
Emp/Ecp=3 Emp/Ecp=3
Poisson’s ratio, — 0.36(MD), 0.12(CD), ump/cp=3 0.36(MD), 0.12(CD), ump/ico=3

Notes : examples of board combination, (DW)liner:fluting proportion—(liner)OL:ML:IL(%)/(fluting)OC:1C(%)~60:40—33:23:43/
46.6:53.4, (SW)liner:fluting proportion—{liner)OL:IL(%Y(fluting)C(100%)=60:40—>40:60/100, 1)basis weight of corrugated
board, 2)o calculate thickness of the board constituents from density, t(mm)= BW/(Dx1,000) (BW=basis weight(g/m’),
D=density(g/m’), take-up factor=(A/F)1.6, (B/F)1.4XKS M7021)
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MO 2ol d@ a4 Zgol, 29 65 72 { 6\ 5N W T
AA BF 1,200 gm*S Fojuist TAA Y HF vf FSI=[S:],,*[Svl¢p
¥ol 60%:40% 222 FAXS 2ol AAS Z
7] B FAE 46.6%534% E 33%23%43%E o}7) A, Sb =5+e] Etiel 31714 (Nm)
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Fig. 7 Deformed shape of AB/F-MD, 60%:
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Table 3 Board combinations and material properties (Park, 2001) of board constituents in
the corrugated board applied an actural proof

Samples | Board combination(OL/OC/ML/IC/IL) | BW?, g/m’ Material properties

#01 | KLB175/K180/B150/K180/KA180 1,045

KLB175 ; (£)0.22 RC)25.0kef, (Emp)4.24MP
#02 | SKI8O/K180/BIS0/K180/KLB175 1,045 &D)O';&Pg )23.Okgf, - () %
#03 | KLB175/K180/KLB175/K180/KLB175| 1,065

K180 ; ()0.24mm, (RC)20.2kgf, (Emp)3.83MPa,
#04 | KLB175/K180/B150/K180/KLB175 1,040 (Ecp)0.78MPa
# 180/Bi
05 | KLBI75/K180/B150/BISOKA180 %7 | Biso ; (60.21mm, (RC)14.9kgf, (Emp)2.84MPa,
#06 | KLB175/B150/B150/K180/KA180 1,003 (Ecp)0.59MPa
#07 | SK180/K180/B150/B150/KLB175 997 | KAISO(SKI80) : (1)0.22mm, (RC)21.0kef,
408 | SK180/B150/B150/K180/KLB175 1,003 (Esp) 3.49MPa, (Ecp)0.69MPa
#09 | KA300/B1SO/KA180/K180/KA210 1,188 | KA210;()0.25mm, (RC)30.5kgf, (Emp)3.49MPa,
#10 | KA210/B150/KA180/K180/KA300 1,188 (Eco)0.65MPa
#11 | KA300/B150/KA210/K180/KA 180 1,188 | KA300; (1)0.36mm, (RC)41.0kgf, (Emp)3.49MPa,

(Ecp)0.69MPa

#12 | KA180/B150/KA300/K180/KA210 1,188

Notes :  basis weight of the corrugated board.
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Fig. 18 Comparison between FEA and ex-
perimental results.
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