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Finite Element Analysis for Edgewise Compression of Corrugated Fiberboard
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A huge quantity of corrugated containers is used for carrying, packaging and storing various
products : they are indispensable to our lives. One of the most important properties of corrugated
containers is their compressive strength, which depends on the edgewise compressive strength of
corrugated fiberboard. In order to raise the edgewise compressive strength without increasing
costs and weight, it is necessary to consider the flute shape.

In this study, nonlinear structural analysis using finite element method was carried out, then
the deformation behaviors of corrugated fiberboard were investigated under the edgewise com-
pression test. Furthermore, the edgewise compressive strength was estimated by a new simulation
method which considered the failure of the liner and the medium. Then the optimum flute shape
was thoroughly investigated.

The results showed that the flute shape with smaller “r” (the radius of curvature in the
vicinity of the flute tip), or larger "8~ (the angle determined by the height of the corrugated fiber-
board, the wavelength and the length of the flat part) could improve the edgewise compressive
strength efficiently.

Keywords : corrugated fiberboard, edgewise compressive strength, flute shape, finite element
method, nonlinear structural analysis, failure, radius of curvature, angle
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Table 1 Material properties of liner and medium.

Liner Medium
Grammage [g/m’] | Gy, 280 | Gy 200
Thickness [mm] | H; 0.34 | Hy 0.29
Elastic modulus [MPa] | £, 740 | By 730
Yield stress MPa] | ¥} 11| Yy 10
Tengent modulus  [MPa] { 7} 320 [ Ty 310
Poisson's ratio vy 03] vu 03

A 537 20 [ 0 2 ST GTST .
LA

Fig. 1 Analytical model (1/4 section of cyclic structure).
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Table 2 Parameters determining sectional flute shape
of corrugated fiberboard.

mm)
Constants | Liner thickness H, 1034
Medium thickness Hy 1029
Height Hp |445
Variables | Radius of curvature | r 0.1,05,1.0,13,15,1.7
Wavelength L 8.57,9.09, 10.00
Flat part length I 0.00, 0.26, 0.45, 0.71
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Fig.2 Schematic diagram of sectional flute shape.
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Fig. 3{a) Sectional flute shapes in the case of r=1.7.
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Fig. 3{b) Sectional flute shapes in the case of changing r.
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(a) Analytical model (maximum displacement = 1.0mm) (b) Expanded model of (a)

Fig. 4 Mode shapes under minimum buckling load.
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Fig.6 Comparison of load-displacement curves
between simulation and experiment.
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Fig. 7 Deformed shapes of expanded mode! in the case of 1.5/8.75/0.00
at the point of (a) eigenvalue buckling, (b) local maximum point and (c) displacement = 1.25.
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Fig.9 Typical load displacement cuve, displacement of the points C, D, and maximum equivalent plastic strain.
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Fig. 10 Relationship between F ;mq, and take-up factor.
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Fig. 11 Relationship between compressivestiffness
and take-up factor at £, =740 MPa, Ey =
730 MPa, H, = 0.34 mm and Hy=0.29 mm.
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Table 3 Notes of captions used in Fig.12, 13.

Caption | fan § | Shape parameters (r/Lif)
@ 0.890 #/10.00/0.00
@ 0978 r/10.00/0.45
[&)] 1.037 r/10.00/0.7)
@ 0.979 v/ 9.09/0.00
® 1.039 r/ 9.09/0.26
® 1.039 r/ 8.57/0.00
[0) 1.106 r/ 8.57/026
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Fig. 14 Edgewise compressive strength and take-up

factor of experimental corrugated fiberboards.

Table 4 Parameters of experimental
corrugated fiberboards.

Sample number | Radius of curvature [mm] | tan @
[0 1.75 3.05
[) 1.45 1.94
[} 1.14 1.55
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