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Effect of Relative Humidity and Box Structure on Box Compression Strength

Jung-Youn Jo, Jun-Sub Shin, Jongkyoung Kim', Young-bum Seo*, and Ki-ju Son**
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*Dept. of Forest Science, Chungnam National University
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Abstract In order to determine safety factor of corrugated fiberboard boxes for agricultural products, relationship with
effect of refative humidity and structure of box types must be defined. The results obtained from the study were summarized
as follows; 1. Results show a detrimental effect on bursting strength of corrugated boards with increasing relative humidity
of environment. 2. Compression strength of corrugated boards were decreased rapidly after the relative humidity was over
70 percent. 3. Compression strength of corrugated board boxes were greatly depending on the box types. Folder type showed
the best performance at higher humidity environment while bliss type was the worst. 4. Further studies are needed in order
to expect box compression strength in real distribution environment.
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Table 1, Basis weight and thickness of paper.
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Kinds SC240 K200 S120 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. 2.27 1.65 0.81 247
Max. 296.57 291.40 216.80 262.90
Thickness Min. 291.03 284.80 202.37 250.20
(pm) Average 293.85 287.55 207.78 257.26
Std. Dev. 3.38 5.21 16.09 13.81
Table 2. Liner compositions and box size of corrugated fiberboard boxes
10kg 5kg 3kg
Composition| SC240/S120/K200/S120/SK180 (DW, AB flute) | SC240/K200/SK180 (SW, A flute) SC240/S120/SK180 (SW, B flute)
Box size 550 % 366 x 120 440 x 330 x 110 366 x 275 x 110
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Table 3. Effect of relative humidity on bursting strength of corrugated fiberboard
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Fig. 1. Effect of relative humidity on bursting strength of single-
wall corrugated fiberboard.
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Fig. 2, Effect of relative humidity on moisture content of the
single-wall corrugated fiberboard.

Units: kgg/ cm?

Composition of corrugated boards | Bursting strength RH,, %
ar urstin en,
P 8 & sieng 50 70 90
Max. 9.50 9.00 8.50
in. . .00 .00
SC240/K200/SK180(SW, A flute) Min 8.00 8.0 il
Average 8.60 8.40 8.10
Std. Dev. 0.65 0.55 0.22
Table 4. Effect of relative humidity on compression strength of corrugated fiberboard. Units: kg
RH., %
Composition of ted board: C . strength .
position of corrugated boards omp. strengt % = %
Max. 374 347 219
SC240/K200/SK 180 Min. 34.1 331 209
(SW, A flute) Average 35.8 34.1 21.3
Std. Dev. 1.7 0.7 0.5
Max. 20 40.5 26.5
in, . 2 4.0
SC240/S120/K200/S120/SK 180 Min 49 36 2
Average 420 385 25.0
Std. Dev. 0.1 22 1.1
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Fig. 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
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Box type 50 70 90
Average 371.5 306.5 171.7
RSC type
Std. Dev. 11.2 324 14.2
A 618.7 586.4 3519
SW Folding type verage
Std. Dev. 6.9 15.2 5.2
. Average 253.1 2379 1217
Bliss type
Std. Dev. 7.9 17.7 5.2
A 690.2 606.9 4592
RSC type verage
Std. Dev. 13.6 7.7 72.8
A 1,533.7 1,3454 913.0
DW Folding type verage
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
Table 6. Compression strength and conversion factor of corrugated fiberboard boxes at each relative humidity
RH RSC Folding type Bliss type
Fl“te type 0, T . 1. . 4+
(%) Comp. str. (kegf)| multipliers |Comp. str. (kgf)| multipliers |Comp. str. (kgf)| multipliers
50 37146 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 32933 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 1,533.75 1.00 464.99 1.00
55 675.48 0.98 1,509.59 0.98 464.96 1.00
60 656.67 0.95 1,470.17 0.96 458.26 0.99
65 633.84 092 1,415.49 092 444 89 0.96
DW 70 607.00 0.88 1,345.55 0.88 424.85 091
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
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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
SW Folding type Average 589.8 5224 307.8
Std. Dev. 5.0 93 26.3
. Average 242.0 196.6 99.7
Bliss type
Std. Dev. 9.6 4.8 9.3
RSC type Average 628.8 578.6 384.4
Std. Dev. 74.1 7.1 38.6
DW Folding type Average 1,345.5 1,150.5 773.9
Std. Dev. 7.3 12.0 58.6
. Average 431.9 358.6 225.9
Bliss type
Std. Dev. 11.2 0.7 8.3
Table 8. Compression Strength and Conversion Factor of Corrugated Fiberboard Boxes at each Relative Humidity
R RSC Folding type Bliss type
Flute type (%) Cor(rliz .ﬂStr. multipliers COZI(I; .ﬁStr. multipliers Cor(r;(;; .f)Str. multipliers
50 349.22 1.00 589.72 1.00 241.94 1.00
55 324.67 0.93 586.67 0.99 235.42 0.97
60 29945 0.86 57442 097 225.67 093
65 273.56 0.78 552.96 0.94 212.70 0.88
SW 70 246.99 0.71 52230 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 15445 0.64
85 163.23 047 375.08 0.64 128.58 0.53
90 133.96 0.38 307.60 0.52 99.48 0.41
95 104.02 0.30 23091 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 70 578.76 092 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
95 313.66 0.50 651.00 048 183.54 042
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Fig. 4. Comparison of compression strength of corrugated fiberboard boxes between empty box and box filled with apple at each relative

humidity.(4: DW box, ll: DW box+apple, &: SW box, x;: SW box + apple)
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