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Mechanical Behavior Analysis and Strength Standardization

of Paper Angle
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ABSTRACT

Paper angle, environment friendly packaging material, has been mainly used as an edge
protector. But, we have perceived its application to package design of heavy product such as
strength reinforcement or unit load system (ULS) in the future. Above all, understanding of
buckling behavior for angle itself and compression strength and quality standard have to be
accomplished for the paper angle to be used for this purpose. The purpose of this study was to
elucidate the buckling behavior through theoretical and finite element analysis, and to develop
compression strength model by compression test for symetric and asymetric paper angle. Based
on the result of theoretical and finite element analysis, incresing rate of buckling of asymmetric
paper angle was higher as applied load level was bigger and/or the length of angle was longer
than that of symmetric paper angle. Decresing rate of minimum principal moment of inertia was
remarkably increased as the extent of asymmetric angle is bigger, and buckling orientation of
angle was open direction near the small web. Incresing rate of maximum compression strength
(MCS) for thickness of angle was smaller as the web size was bigger in symmetric angle.
MCS of asymmetric angle of 43x57 and 33x67 was decreased 15~18% and 65~78%, and
change of buckling was increased 12~13% and 62~66%, respectively.

Key words : Packaging material, Paper angle, Compression strength, Finite element analysis(FEA),
Orthotropic material.
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Fig. 2. Cross—section of the paper angle
and it's principal axes.
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Fig. 3. FE model for the paper angle.
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Fig. 4. Loading and boundary conditions under
top~to—bottom compression.

Agsdon, sHasdy A AHHL F
gasrndd duiy AFF Ase 4 #g&
Bostpo 2t B dFdMe FTol
Zo] Aol EANEL JIAEE, Aao|wA A
89 EA4A Eq.(N& wEFAJIE Table 19

¢ H4A8Y MD R CD W¥¥9 €4 #

o 2 Z+z; A 4314 (Pilkey, 1994).

Eup tcp= Ecp Bmp

Table 1. Material properties applied in FEA of
the paper angle.

Items Units MD CDh
Young's Pa 215x10° | 1.18x10°
modulus
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Table 2. Buckling quantity(mm) at the midpoint of the paper angle by FEA.
Designation | L |  Applied load level(kef) PMI (mn*) OPA” SRY
axbxt(mm) (mm) 50 100 | 150 | 200 L I, Opldeg) | sp, s
300 0.08 0.16 0.24 0.32 15 31
50x50x5 700 0.43 0.86 1.28 1.71 36 71
179,115 | 45,891 45 "—"———“*
[a/b=1.00] 1,100 1.05 2.11 3.16 421 57 112
1,500 1.96 391 5.87 7.82 ] 77 153
300 0.09 0.18 0.27 0.36 15 33 B
43x57x5 700 0.49 0.97 1.46 1.94 35 76
190,650 | 40,358 29
la/b=0.75] | 1,100 | 120 | 239 | 359 | 478 55 | 119
1,500 2.22 4.44 6.66 8.88 75 163
300 0.13 0.26 0.39 0.53 14 42
33x67x5 700 0.71 1.42 2.14 2.85 32 98
231,741 | 24,323 15
{a/b=0.50] 1,100 1.76 3.51 5.27 7.02 ' 50 154
1,500 3.26 6.52 9.79 13.05 68 210

. . . ) . . . .
principal moments of inertia, Jorientation of principal axis, Yslenderness ratio
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Table 3. Material properties of board constituents
in the paper angle.

Paperboards
Items Units
€300 | C400 | €500 | C600
E]%?ig(i]tm g/m | 300 | 400 | 500 | 600
E&Eitgi?w kef/ai | 450 | 550 | 6.50 | 7.70
CRIESSgh(MD)s) kef | 25 | 30 | 35 | 40
Thickness” | m | 042 | 059 | 0.76 | 0.92

VRS M7013, ZKS M7082, *KS M7051, “KS M7021
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of the paper angle.

Fig. 9. Upper and lower loading plate.
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Table 4. MCS and buckling quantity difference between symmetric and asymmetric angle.

[L=300"1,100mm, t=5mm]

Hems Designation (axb)| 5.5 43x57 3367 Remarks
MCS decreasing rete (%) 100 115~118 165~178
Deflection increasing rate (%) 100 112~113 162~ 166 applied load, 100kgf
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Fig. 14. Variation of MCS of the asymmetrical
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5. ANSYS Inc. 1998. ANSYS theory reference.
Release 5.5.3

6. ASTM D642. Standard method for determining
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components, and unit loads
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Nomenclature

A = Cross-section area of paper angle (m?

a = Web ratio of paper angle (=a/b)

B = Slenderness ratio of paper angle (=L/r)(—)
Dmp = Buckling quantity of paper angle (mm)

E = Young’'s modulus (Pa)

Ecp, Emp = Young’'s modulus of CD and MD (Pa)
I = Moment of inertia (m®)
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L, t = Each Length & thickness of paper angle (m)

Ucp, Mmp = Poisson’s ratio of CD and MD,
repectively (—)

M CSspx50, M CSepx60, M CSzx70 = MCS of paper
angle, axb=50x50mm, 60x60mn and 70x70mm,
repectively (kgf)

MCSi=5/avv-100 = MCS of paper angle, a+bh=100mn
and t=5mn (kgf)

P = Critical load of paper angle (=n’EI/L?)(N)

r = Radius of garation (= VI/A) (m)

Sa = Critical stress of paper angle (Pa)

t = Thickness of paper angle (m)

W = Applied load level (kgf)

e E B



