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Measurement and Analysis of the Material Behavior
of Corrugated Paperboard for Finite Element Analysis

Gyu-Yeol Kang*, Duk-Geun Bae**, Sun-Jong Noh*, Sim-Won Chin*, Woo-Jong Kang***"

ABSTRACT: This paper measures the mechanical properties of corrugated cardboard, an eco-friendly packaging
material, and applies these measurements to the MAT_PAPER model in LS-DYNA for finite element analysis.
Although MAT_PAPER is primarily designed for modeling the behavior of paper, this research demonstrates its
applicability to corrugated cardboard as well. Tensile, compression, and shear behaviors of a corrugated cardboard
were measured and analyzed, and based on these results, six yield surfaces were derived and integrated into the
MAT_PAPER model. By comparing the finite element analysis of the material tests and the low velocity collapse
analysis of the corrugated cardboard square boxes with each experimental results, it was shown that the behavior of
corrugated cardboard could be equivalently considered well by the MAT_PAPER model. However, since the model is
not rate-dependent, the high strain rate properties of liner materials were measured and used for strain rate
correction. Consequently, this matches well with the results of the high-speed compression tests of the corrugated
cardboard square boxes.
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Fig. 1. Geometry and principal directions of corrugated paper-
board
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Fig. 2. Corrugated paperboard with double flutes shown with
liner materials

Fig. 3. Shapes and dimensions of specimens of various test
types
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Fig. 4. Fixtures for various types of specimens of corrugated
paperboard
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Fig. 5. High strain rate test equipment for liner materials and
specimen dimension
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Fig. 6. Mechanical properties of liner materials at different strain
rates: (a) K180, (b) KLB175
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Fig. 7. Effective stress-plastic strain curves of liner materials at
different strain rates: (a) K180, (b) KLB175
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Fig. 8. Material test results of the corrugated paperboard by test
directions and test types: (a) tension, (b) in-plane com-
pression, (c) Shear, (d) out-of-plane compression

Table 1. Material properties of the corrugated paperboard

MD CD
Test types E Oy E Oy
(MPa) (MPa) (MPa) (MPa)
Tension 183 0.98 188 0.85
Compression 90 0.32 56 0.55
Shear 136 0.43 170 0.41
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Table 2. Hardening parameters for MAT_PAPER model of corru-
gated paperboard

(MD, CD)

i S; 4 B, Gi

1 0.80 0.90 250.0 1.0

2 0.85 0.63 185.4 33.0

3 0.44 0.28 172.7 4.9

4 0.28 0.12 200.0 2.0

5 0.57 0.08 200.0 3.1
(ZD)

A, B, Co EC CcC

Compression 0.22 0.04 -0.82 1.23 1.05

Compression(CO)

TensiondMD)

Tension{CD)

Effactive stross{MPa)
Effective stress(MPa)

Plastic strain Plastic strain

(a) (b)

Show(MD) - Comprassion(Z0)

Plastic strain

(c) (d)

Shear stress(MPa)

Effective stress{MPa)

Plastic strain

Fig. 9. Effective stress-plastic strain curves of the corrugated
paperboard by test directions and test types: (a) tension,
(b) in-plane compression, (c) Shear, (d) out-of-plane com-

pression
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Fig. 10. Comparison of material test results and simulations
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(b)

Fig. 11. Corrugated paperboard box collapse tests and results:
(@) quasi-static test (v=1mm/s), (b) drop test (v=
4,000 mm/s)

Fig. 12. Deformed shapes from FE simulation using MAT_PAPER
model of corrugated paperboard
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Fig. 13. Comparison of load-displacement curves between the
simulation with MAT_PAPER model and quasi-static test
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Fig. 14. High strain rate tensile test simulations with 3D model
of the tensile specimen of corrugated paperboard
using a rate dependent plasticity model of MAT_24 in
LS-DYNA: (a) MD tension, (b) CD tension
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Fig. 15. Comparison of load-displacement curves between the
simulation using MAT_PAPER model and drop test
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