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Physical Properties of Corrugated Fiberboard and Estimation of
Box Compression Strength with Changes of Relative Humidity

Jung-Youn Jof, Jun-Sub Shin and Jong-Kyoung Kim

Dept. of Distribution seop, Yong-In Songdam College

Abstract Determination of safety factor of corrugated fiberboard boxes used for agricultural products is very com-
plicated process due to nature of living products. Moisture content is one of the most critical factors to determine overall
physical strength of paper, so its influences on strength properties of corrugated board made from different raw materials
must be quantified. The results obtained from the study were summarized as follows; 1. Results show a detrimental effect
on bursting strength and compressive strength of liners with increasing relative humidity of environment and moisture
content of finers. 2. The relevance of equilibrium moisture content at varying relative humidity levels was proved and
its relationship was used as an important factor to estimate box compression strength. 3. Test results was statistically used
for establish the relationship between relative humidity and moisture content of liners. Estimated compression strength
of boxes at varying moisture content was similar to results of theoretical equations such as Kellicutt's. Further study could
be carried out in order to determine a optimum safety factors of various corrugated board boxes for agricultural products.
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Table 1. Variable environmental factors under load
Factors Compression loss Multipliers
10 days - 37 percent loss 0.63
. 30 days - 40 percent loss 0.60
Storage time under load
90 days - 45 percent loss 0.55
180 days - 50 percent loss 0.5
50 percent - O percent loss 1.00
60 percent - 10 percent loss 0.90
Relative .humidity unde‘r 70 percent - 20 percent loss 0.80
load(cyclical RH variation further
increases compressive loss) 80 percent - 32 percent loss 0.68
90 percent - 52 percent loss 0.48
100 percent - 85 percent loss 0.15
Pallet patterns Bast case Worst case
Columnar, aligned Negligible loss
Columnar, misaligned 10 - 15 percent loss 0.90 0.85
Interlocked 40 - 60 percent loss 0.60 0.40
Overhang 20 - 40 percent loss 0.80 0.60
Pallet deckboard gap 10 - 25 percent loss 0.90 0.75 ]
Excessive handling 10 - 40 percent loss 0.90 0.60
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Table 2. Basis weight and thickness test data
Kinds KA210 K200 B150 SC240 $120 SK180
Max. 214.70 203.84 154.92 258.52 122.34 181.00
" | Basis Weight Min. 211.26 199.42 148.46 251.28 120.18 173.16
(g/m?) Average 213.01 201.20 152.60 254.89 121.35 177.38
Std. Dev. 1.08 1.65 1.98 227 0.81 2.47
Max. 293.50 291.40 271.17 296.57 216.80 262.90
Thickness Min. 277.00 284.80 244.43 291.03 202.37 250.20
(pm) Average 285.40 287.55 254.66 293.85 207.78 257.26
Std. Dev. 28.85 5.21 61.65 3.38 16.09 13.81
Table 3. Effect of relative humidity on bursting strength of corrugated fiberboard Units: kggdem?
Bursting Strength
RH, % KA210 K200 B150 SC240 S120 SK180
out in out in out in out in out in out in
30 7.4 7.3 2.2 2.2 2.3 24 7.2 6.4 1.4 1.4 4.0 3.6
50 72 6.9 22 2.1 2.2 2.1 7.1 6.4 1.4 1.3 3.8 3.6
70 6.5 6.3 1.9 2.1 2.1 2.1 6.7 5.6 1.3 1.2 3.6 3.5
90 59 6.0 1.8 2.0 2.0 2.1 62 5.2 1.2 1.1 3.1 2.8
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Fig. 3. Effect of relative humidity on equilibrium moisture con-
tent of the corrugated fiberboard.

Fig. 2. Effect of relative humidity on compression strength of
corrugated fiberboard.

Table 4. Effect of relative humidity on compression strength of corrugated fiberboard

Compression strength of corrugated fiberboard, kg,
RH, % KA210 K200 B150 SC240 S120 SK180
CD MD CD MD CD MD CD MD CD MD CD MD
30 24.8 38.8 15.0 24.7 10.5 18.1 377 42.3 6.2 9.3 14.6 26.2
50 242 34.6 13.8 21.2 10.1 15.1 34.8 38.1 6.0 8.8 13.0 219
70 223 33.9 13.6 204 9.1 14.3 31.1 34.2 5.7 8.4 12.5 21.5
90 13.8 21.1 7.3 11.5 5.7 9.0 15.1 19.8 34 5.8 8.0 12.4
Table 5. Effect of relative humidity on EMC(equilibrium moisture content) of corrugated fiberboard
RH, % EMC of corrugated fiberboard, %
KA210 K200 B150 SC240 S120 SK180
30 7.8 7.1 7.2 6.2 6.9 7.5
50 8.2 7.6 7.4 6.6 7.1 8.0
70 8.5 8.2 8.0 8.0 8.1 8.7
90 14.5 14.3 16.7 13.1 12.2 14.3
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Fig. 4. Relationship of moisture content and compression strength of the corrugated fiberboard.

Table 6. Compression strength and conversion factor of fiberboards as a function of moisture content at each relative humidity.

Kinds Relative | Moisture content | Comp. strength | Conversion Kinds Relative | Moisture content| Comp. strength | Conversion
. humidity (%) (kef) factor humidity (%) (kgf) factor
50 6.19 37.10 1.00 50 6.79 15.24 1.00
55 6.53 3591 0.97 55 7.08 14.84 0.97
60 7.01 34.22 0.92 60 7.55 14.22 0.93
65 " 7.63 32.05 0.86 65 8.19 13.39 0.88
70 8.40 29.44 0.79 70 9.01 12.39 0.81
SC240 75 9.32 26.43 0.71 K200 75 10.00 11.25 0.74
80 10.39 23.07 0.62 80 11.17 10.02 0.66
85 11.60 19.41 0.52 85 12.51 8.76 0.57
90 12.96 15.53 0.42 90 14.03 7.51 0.49
95 14.47 11.49 0.31 95 15.72 6.36 0.42
50 6.19 6.43 1.00 50 7.29 14.76 1.00
55 6.53 6.30 0.98 55 7.58 14.21 0.96
60 7.01 6.10 0.95 60 8.03 13.40 091
65 7.63 5.84 0.91 65 8.64 12.40 0.84
70 8.40 5.49 0.85 70 9.40 11.27 0.76
S120 75 9.32 5.04 0.78 SK180 75 10.33 10.13 0.69
80 10.39 4.48 0.70 80 11.42 9.11 0.62
85 11.60 3.79 0.59 85 12.66 8.33 0.56
90 12.96 295 0.46 90 14.06 7.99 0.54
95 14.47 1.94 0.30 95 15.63 8.25 0.56
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Table 7. Comparison of measured with estimated box compressive strength

Dimension . Sum of compression strength(kgt) Comp.
R. H. Perimeter Outer |Cor. Med| Center [Cor. Med, Inner A Str.  [Multipliers
L | W D ofbox e [ ®FE)| timer | (AF) | tiner | 0% for DWI - (1cgy
50% 479 1.00
xf:d 70% | 550 | 366 101 447 0.07
90% 249 0.48
1 50% 3710 9.00| 1524 1029 1476 | 96.16 520 1.00
n}f;:;d 70% | 550 | 366 101 1832 m0aa | 768| 1239 878 1127] 77.90 | 0.442 421 0.19
90% 1553 | 413| 751 472] 799 4437 240 0.54
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