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Strength Changes of Corrugated Fiberboard Boxes for Fruits Packaging
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Abstract

This study was carried out to analyze changes of the physical properties of corrugated fiberboard boxes for fruits
packaging by various moisture and temperature changes. There were significant decrease in burst strength with
increased relative humidity. And also compressive strength(ring crush test) of corrugated fiberboard and box were
reduced with moisture content. The decreasing amounts of single wall(SW) corrugated fiberboard was bigger than

that of double wall(DW).

The physical properties reductions of corrugated fiberboard and box were mainly affected by relative humidity.
Therefore, it is suggested that development of the water-resistant corrugated fiberboard and box be useful under the
condition of low temperature and high relative humidity such as the cold chain system.

Key words : corrugated fiberboard box, temperature, relative humidity, burst strength, compressive strength, ring
crush test, water - resisfant corrugated fiberboard.
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Table 1. Experimental corrugated fiberboard box dimensions.

;. f‘ruits Weight(kg) Dimension(LXWXH; miﬁ) Remark
Apple 10 510 x 360 x 190 0200 type
Pear 10 440 x 330 x 240 0201 type(old Al type)

Table 2. Corrugated fiberboard box and their physical properties.

Friuts Box type - - Base paper combination RC’VI:V“(Ykgf)* Burst(kg._/(;rx::l?)f o
Apple DW(1st class) SK180/5120/S120/5120/K2200 380 12.9
Pear SW(1st class) SK180/S120/K2200 265 9.0

*Estimated value calculated from Kellicutt equation
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Table 3. Saturation solutions and their relative humldltles(RH)

| _S,o_l_utmn L RH(A Solutlon g : RH(%)
Sodium Nitrite 66 Potassmm Chlorlde 85
(NaNOz2) (KC)
Sodium Chloride 75 Potassium Nitrite 93
(NaCl) (KNO3)
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Fig. 1. Logistics flow of experimental fruits.
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Table 4. Preservation conditions of experimental
fruits

Fruit | Temp.(¥) | RH(%) Preseryation FrfanIn‘g_
_ (Month) | point(%)

Apple -1.0~0 [ 85~90 6~10 -1.1

Pear -10~0 | 85 ~90 3~5 -1.6
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Table 5. The changes of burst strength in corrugated fiberboard by relative humidity

{(Unit : N)
~. C‘Ondition Temp 20T, Temp.20T, Temp.20C, ' TempZO"C
Test  55%RH 65%RH 75%RH ~ 85%RH I
Fruit Apple | Pear | Apple Pear Apple Pear | Apple Pear Apple | Pear
1 11.9 8.8 11.5 84 10.8 8.9 9.8 7.8 8.9 6.7
2 9.8 9.0 109 9.0 10.8 7.6 10.0 7.4 95 7.5
3 10.2 8.1 11.1 8.6 10.1 88 95 7.6 95 6.4
4 11.9 9.0 11.1 8.5 10.1 84 10.9 7.7 10.8 6.2
5 9.8 8.8 99 94 96 7.7 9.9 74 9.1 7.5 |
6 | 123 97 | 14| 88| 97| 85 | 101 | 85| 93 | 63
7 10.6 8.6 10.5 8.5 99 8.7 10.0 7.7 92 6.6
8 11.2 8.2 12.3 8.8 98 96 9.8 8.5 8.7 7.5
9 11.6 9.0 11.8 8.6 10.0 8.6 99 79 95 7.5
10 12.0 9.0 11.2 8.8 10.1 8.4 10.1 7.82 10.3 7.1
Average 11.13 8.82 11.09 8.78 | 10.09 8.53 | 10.00 7.83 9.48 6.93
Standard 096 | 045 | 071 | 037 | 044 | 065 | 041 | 041 | 063 | 0.55
deviation
Maximum 12.3 9.7 12.3 94 108 96 10.9 8.5 10.8 75
Minimum 9.8 8.1 99 8.4 96 7.6 9.5 74 8.7 6.2
Table 6. Burst strength(BS) loss of corrugated fiberboard by relative humidity
Item Apple(SW) ‘ Pear(DW) :
RH, % Burst strength(average) BS loss, % Burst strength(average) BSloss, %
55 11.13 8.82
65 11.09 04 8.78 0.5
75 10.09 9.3 8.53 3.3
85 10.00 10.2 7.83 11.2
95 9.48 14.8 6.93 214
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Fig. 2. Relationship between relative humidity changes and
burst strength in corrugated fiberboard.
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Fig. 3. Burst strength loss by relative humidity

changes.
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Table 7. The changes of compressive strength in corrugated fiberboard by relative humidity

(Unit : Kgf)
Condition Temp.20C, Temp.20T, Temp.20T, Temp.20T, Ternp.'20"‘C‘, »
- Test 55%RH 65%RH 75%RH 85%RH 95%RH -
Fruit Apple Pear Apple | Pear | Apple Pear Apple | Pear Apple | Pear
1 343 204 346 193 334 209 295 167 181 112
2 330 193 337 211 339 209 298 171 185 113
3 350 206 329 210 333 212 285 165 182 109
4 330 207 353 217 330 204 298 154 188 114
5 339 215 336 219 331 204 300 167 205 116
6 347 203 338 205 | 332205 300 177 208 113
7 341 205 340 212 334 208 299 165 202 112
8 339 204 339 211 333 209 295 168 199 111
9 340 205 338 213 332 206 296 170 195 114
10 341 204 341 208 334 207 297 163 211 120
Average - | 339.83 | 204.67 | 339.83 | 210.00 | 333.40 | 207.60 | 296.00 |166.83 |195.60 |113.40
Standard 847| 72| 842| 1025 | 351| 351 | 569 | 760 | 1106 | 299
eviation
Maximum 350 215 353 219 339 212 300 177 211 120
Minimum 330 193 329 193 330 204 285 154 181 109
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Table 8. Compressive strength(RCT) loss of corrugated fiberboard by relative humidity

e Item ; Apple(SW) _ ’ ' Pear(DW)_ Sy
~RH % - RCT(average) RCT loss, % ‘RCT(a'v'"etage‘) RCT loss. %
55 339.83 304.67
65 339.83 0.0 210.00 0.00
75 333.40 1.9 207.60 1.1
85 296.00 12.9 166.83 20.6
95 195.60 42 4 113.40 46.0
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Fig. 4. Relationship between relative humidity and

compressive strength of corrugated fiberboard boxes.
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Table 9. The changes of compressive strength in corrugated fiberboard box by relative humidity at 20

(Unit : kgf)

T _‘"QOh_dition Temp.20T, Temp.20T, Temp.20T, Temp‘l‘ZO"C.v o TempZO"C
Test 55%RH 65%RH T5%RH 85%RH |  95%RH
Fruit Apple | Pear Apple Pear | Apple | Pear Apple Pear | Apple | Pear

1 502.5 | 4036 | 451.3 | 377.1 | 4356 | 206.1 | 444.0 | 323.3 22371 226.5

2 4536 | 426.1 | 471.8 | 361.7 | 4548 | 390.5 | 411.2 | 326.2 248.1 | 240.3

3 4554 | 365.1 | 474.6 | 379.1 | 4735 3187 | 357.3 | 343.5 25411 233.6

4 4447 | 4298 | 4719 | 3853 | 478.1 | 389.0 | 385.1 | 338.5 2359 | 2556

5 4712 | 434.0 | 437.1| 376.4 | 466.3 | 367.8 | 406.1 | 326.1 252.0 | 238.8

6 468.9 | 376.7 | 463.5| 380.9 | 446.6 | 3764 | 366.0 | 3189 235.3 | 201.2

7 5004 | 376.7 | 482.6 | 386.6 | 466.3 | 361.2 | 361.6 | 357.3 225.1 | 228.8

8 4993 | 4162 | 4374 | 3633 | 461.0| 376.1 | 396.9 | 337.0 2486 | 225.6

9 4888 | 4085 | 469.0 | 346.6 | 452.0 | 3752 | 3932 | 339.7 2478 2431

10 512.9 | 390.3 | 453.4 | 355.7 | 4374 | 3736 | 361.2 | 34338 2986 236.0
Average 47977 | 420.00 | 461.26 | 371.27 | 457.16 | 359.46 | 388.26 {335.43 | 246.92 | 232.95
Standard 2404 | 2449 | 1576 | 13.55 | 1448 | 5458 | 27.80 | 11.72 | 2115 | 14.28

Maximum 512.9 434 | 4826 | 3866 | 4781 3905 444 | 3573 | 2086 | 2556

Minimum 4447 | 3651 | 437.1 | 346.6 | 4356 | 206.1 | 3573 | 3189 | 223.7| 201.2

Table 10. Compressive strength(RCT) loss of corrugated fiberboard box by relative humidity at 20

e | Apple(SW) - Pear®W)
i RCT(average) RCT loss. % RCT(average) | RCTloss. %
55 479.77 420.00
65 461.26 0.00 371.27 0.00
75 457.16 0.89 359 46 3.18
85 388.26 15.83 33543 9.65
a5 246.92 46 47 232.95 37.26
600 | 0
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% 400 - - . * % 0t
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§ 200 ¢ @
E 100 £ 0
© S T S — - © ot ) . . . —
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Relative humidity, % Relative humidity, %
Fig. 6. Relationship between relative humidity and Fig. 7. Compressive strength loss of corrugated fiberboard

compressive strength of corrugated fiberboard boxes. boxes by relative humidity chanpes at 20C.
p gt % y g
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Table 11. The changes of compressive strength in corrugated fiberboard boxes by relative humidity at 5°C

(Unit : kgf)

Condition |  Temp.20T, Temp.20T, Temp.20C, Temp.200.

Tost 65%RH 75%RH 85%RH O5%RH
Fruit Apple Pear Apple Pear Apple Pear Apple Pear

1 4513 | 3771 | 4143 | 3287 | 3790 | 2087 | 2475 | 2235

2 4718 | 3617 | 3978 | 3239 | 3649 | 3417 | 2846 | 2125

3 4746 | 3791 | 4133 | 3380 | 379.8 | 3374 | 2653 | 240.2

4 4719 | 3853 | 4216 | 3362 | 3621 | 3014 | 3006 | 240.2

5 4371 | 3764 | 3884 | 3799 | 3901 | 301.2 | 2763 | 2235

6 4635 | 3809 | 3949 | 3233 | 3657 | 3518 | 2822 | 223.1

7 4826 | 3866 | 4333 | 3192 | 3686 | 3208 | 2759 | 226.0

8 4374 | 3633 | 3994 | 3224 | 3639 | 3155 | 2711 | 2210

9 469.0 | 3466 | 4123 | 3362 | 4078 | 3122 | 2955 | 209.6

10 4534 | 3557 | 3433 | 23205 | 3816 | 3156 | 2936 | 2189
Average 46126 | 37127 | 40186 | 33373 | 376.35 | 319.63 | 279.26 | 223.85
Standard 1576 | 1355 | 2462 | 1748 | 1448 | 1837 | 1582 | 10.03
Maximum 4826 | 3866 | 4333 | 3799 | 4078 | 3518 | 3006 | 2402
Minimum 4371 | 3466 | 3433 | 3192 | 3621 | 2087 | 2475 | 209.6

Table 12. Compressive strength(RCT) loss of corrugated fiberboard boxes by relative humidity at 5°C

T

— Item , Apple(SW) - - _ ~ 'Pear(DW) | RN
a RCT(average) RCT loss, % RCT(average) = | ~ RCTloss, %
65 461.26 0.00 371.27 0.00
75 401.86 12.88 333.73 10.11
85 376.35 18.41 319.63 13.91
95 279.26 39.46 223.85 39.71
500 100 -
B 450 t—o ®
: o400 ) £ gl
f:;., 350 T ?5»
£ 300 | 5 80t
A 9250 | @
£ 200 5 0
g 150 g
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o 0 © [ — ot e
65 75 85 95 65 75 85 95
Relative humidity, % Relative humidity, %

Fig. 8. Relationship between relative humidity and compressive
strength of corrugated fiberboard boxes at 5°C.

Fig. 9. Compressive strength loss of corrugated fiberboard

boxes by relative humidity changes at 5C.
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