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Standardization and AComputer Programing of Safety Factors of Corrugated
Fiberboard Containers for Agricultural Products (1)

- Effect of Relative humidity and Box Structure on Box Compression Strength -
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Table 1. Basis weight and thickness of paper.

Kinds SC240 K200 $120 SK180
Max. 258.52 203.84 122.34 181.00
Basis weight Min. 251.28 199.42 120.18 173.16
(g/m) Average 254.89 201.20 121.35 177.38
Std. Dev. 227 1.65 0.81 2.47
Max. 296.57 291.40 216.80 262.90
Thickness Min. 291.03 284.80 202.37 250.20
(¢m) Average 293.85 287.55 207.78 257.26
Std. Dev. 3.38 521 16.09 13.81

Table 2. Liner compositions and box size of corrugated fiberboard boxes

10kg 5kg 3kg
Composition SC240/S120/K200/S120/SK180 SC240/K200/SK180 SC240/S120/SK180
1
P (DW, AB flute) (SW, A flute) (SW, B flute)
Box size 550%x366x120 440%x330x110 366%275%110
22 343
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Table 3. Effect of relative humidity on bursting strength of corrugated fiberboard.

Units: kgi/cnt
Composition of corrugated . RH., %
Bursting strength
boards 50 70 90
Max. 9.50 9.00 8.50
SC240/K200/SK 180 Min. 8.00 8.00 8.00
(SW, A flute) Average 8.60 8.40 8.10
Std. Dev. 0.65 0.55 0.22
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Figure 1. Effect of relative humidity on bursting strength of single-wall corrugated fiberboard.
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Figure 2. Effect of relative humidity on moisture content of the single-wall corrugated fiberboard.
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Table 4. Effect of relative humidity on compression strength of corrugated fiberboard.

Units: kgt
Composition of corrugated RH., %
Comp. strength
boards 50 70 90
Max. 374 34.7 21.9
SC240/K200/SK180 Min. 34.1 33.1 20.9
(SW, A flute) Average 358 34.1 21.3
Std. Dev. 1.7 0.7 0.5
Max. 420 40.5 26.5
SC240/S]20§1;§00/8120/SK Min. 419 36.2 240
(DW, AB flute) Average 42.0 38.5 25.0
Std. Dev. 0.1 2.2 1.1
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Figure 3. Effect of relative humidity on compression strength of corrugated fiberboard.
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Table 5. Effect of relative humidity on compression strength of corrugated fiberboard boxes.

Box type 50 70 90
5 . . 1717
RSC type Average 371.5 306.5
Std. Dev. 11.2 32.4 14.2
oW Folding t Average 618.7 586.4 351.9
e
e Std. Dev. 6.9 15.2 5.2
Average 253.1 237.9 121.7
Bliss type
Std. Dev. 7.9 17.7 5.2
A . . 459.2
RSC type verage 690.2 606.9
Std. Dev. 13.6 7.7 72.8
. R 913.
DW Folding type A\(erage 1,533.7 1,345 4 0
Std. Dev. 28.6 32.9 50.8
. Average 465.1 425.0 278.3
Bliss type
Std. Dev. 7.5 56.4 21.5

249 2 e EEHEAU 50% RHAAS Y325 12 332 o 2 Ads
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Table 6. Compression strength and conversion factor of corrugated fiberboard boxes at each relative humidity.

Flute RH. RSC Folding type Bliss type
Comp. str. linlier Comp. str. Itiliers Comp. str. multipliers
type (%) (kgf) multipliers (lggf) multipli (kgf) D
50 371.46 1.00 618.64 1.00 253.13 1.00
55 361.79 0.97 629.47 1.02 258.80 1.02
60 347.74 0.94 627.67 1.01 258.15 1.02
65 329.33 0.89 613.24 0.99 251.20 0.99
Sw 70 306.54 0.83 586.18 0.95 237.93 0.94
75 279.39 0.75 546.49 0.88 218.36 0.86
80 247.86 0.67 494.17 0.80 192.47 0.76
85 211.97 0.57 429.22 0.69 160.28 0.63
90 171.70 0.46 351.64 0.57 121.77 0.48
95 127.07 0.34 261.43 0.42 76.95 0.30
50 690.27 1.00 1,633.75 1.00 464.99 1.00
55 675.48 0.98 1,5609.59 0.98 464.96 1.00
60 656.67 0.95 1,470.17 0.96 458.26 0.99
65 633.84 0.92 1,415.49 0.92 444.89 0.96
DW 70 607.00 0.88 1,345.55 0.88 424.85 0.91
75 576.13 0.83 1,260.35 0.82 398.14 - 0.86
80 541.24 0.78 1,159.89 0.76 364.76 0.78
85 502.33 0.73 1,044.17 0.68 324.71 0.70
90 459.41 0.67 913.19 0.60 277.99 0.60
95 412.46 0.60 766.95 0.50 224.60 0.48

Table 7. Effect of relative humidity on compression strength of corrugated fiberboard boxes packaged with "Fuji’ apple.

Box type 50 70 90
RSC Average 349.3 247.1 134.1
Std. Dev. 0.1 23.0 6.5
: Average 589.8 522.4 307.8
SW Folding type Std. Dev. 50 9.3 26.3
Bliss type Average 242.0 196.6 99.7
P Std. Dev. 9.6 48 9.3
Average 628.8 578.6 384.4
RSC type Std. Dev. 74.1 7.1 38.6
. Average 1,345.5 1,150.5 773.9
DW Folding type Std. Dev. 73 12.0 58.6
Bliss type Average 431.9 358.6 225.9
YP Std. Dev. 11.2 0.7 8.3
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Table 8. Compression Strength and Conversion Factor of Corrugated Fiberboard Boxes at each Relative Humidity.

RSC Folding type Bliss type
Flute R.H.
type (%) Comp. Str. multipliers Comp. Str. multipliers Comp. Str. multipliers
(kg (kgf) (kgf)

50 349.22 1.00 589.72 1.00 241.94 1.00
65 324.67 0.93 586.67 0.99 235.42 0.97
60 299.45 0.86 574.42 0.97 225.67 0.93
65 273.56 0.78 552.96 0.94 212.70 0.88

Sw 70 246.99 0.71 522.30 . 0.89 196.51 0.81
75 219.75 0.63 482.43 0.82 177.09 0.73
80 191.83 0.55 433.36 0.73 154.45 0.64
85 163.23 0.47 375.08 0.64 128.58 0.53
90 133.96 0.38 307.60 0.52 99.48 0.41
95 104.02 0.30 230.91 0.39 67.16 0.28
50 628.84 1.00 1,345.35 1.00 431.95 1.00
55 629.82 1.00 1,313.60 0.98 419.21 0.97
60 621.80 0.99 1,270.50 0.94 402.75 0.93
65 604.78 0.96 1,216.05 0.90 382.58 0.89

DW 70 578.76 0.92 1,150.25 0.85 358.69 0.83
75 543.74 0.86 1,073.10 0.80 331.09 - 0.77
80 499.72 0.79 984.60 0.73 299.78 0.69
85 446.70 0.71 884.75 0.66 264.74 0.61
90 384.68 0.61 773.55 0.57 226.00 0.52
g5 313.66 0.50 651.00 0.48 183.54 0.42

EE AR AFel AR Fe AR AFAYYARG G2 AES} 24 e
o W Az A 2 FEEed wE ABA(correlation) = RSC, folding,
bliss¥ol Ztz} 0.989, 0999, 0.9912 wi$ EA Uyt & w7 459 YoM a4
Av A2A AFHYPAE 71Fo2 A olo} 3n, olel Figure 49 Zo] g%
E Ast old 4AE AYL /A3 goug o)F Add wyg¥ & gl
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Figure 4. Comparison of compression strength of corrugated fiberboard boxes
between empty box and box filled with apple at each relative humidity.(C3J: DW
box, B: DW box+apple, : SW box, : SW box + apple)
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