Improvement and Analysis of Stacking Durability of Corrugated
Fiberboard Boxes for Agricultural Products

— Moisture Absorption Properties and Compressive Strength Reduction—
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Summary

Major factors in reducing the stacking strength of corrugated fiberboard boxes in cold storage or tra-
nsport conditions are high relative humidity, causing elevated moisture absorption by the boxes. The
bottom boxes in a stack will deform to the critical deflection causing agricultural products damage there,
and eventually additional deflection will cause box collapse and finally toppling of the stack.

The study was conducted to determine the water absorption characteristics and the compressive st-
rength of the corrugated fiberboard boxes being widely used in packaging agricultural products in Ko-
rea.

The sample boxes for the study were selected from the regular slotted containers (RSC) types, and
one was the box used in apple packaging (Box A), another one was the box used in pear packaging
(Box B). The corrugated shipping containers were made from a large portion of recycled fibers in Ko-
rea, and comparing with Box B, Box A was fabricated from fiberboard which contained more percentage
of old corrugated containers (OCC) imported from foreign countries than domestic waste paper.

The results obtained from the study were summarized as follows ;

1. Equilibrium moisture content (EMC) of the sample boxes was established after about 20 hours,
and the EMC by absorption was lower than that by desorption. The EMC increased with the inc-
reasing of relative humidity and with the decreasing of temperature, and the rate of increasing
was much higher above the relative humidity of 50%.
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2. The maximum compressive strength of Box A was about 100 kgf greater than that of Box B on
the same enviromental conditions. The strength of the sample boxes decreased rapidly with the

increasing of relative humidity. The effect of relative humidity on the strength was a little higher

than that of temperature.

3. As the applied load was progressively increased and a level was reached, the vertical side panels
(LXD) deflected laterally inwards or outwards. The panels deflected laterally inwards at higher

relative humidity.

4. The maximum compressive deflection ratio and the critical deflection ratio of the sample boxes

were increased linearly with the increasing of relative hunidity, but trends for its ratios showed

inconsistant response to temperature.
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Table 1. Physical data of the boxes used in the study
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Fig. 1. The experimental equipment for comp-

ression test of the corrugated fiberboard

boxes.

—362—

5 H@Alolol ¥l FF7 BfEE o BT
AP @ g FHES FAHE SR 9
B} AEHoR R BESH, ol FHERH
HEEE 10mm/ming 3F§] o} 125s®

ERAFF g B 202 ERREE
(22C-rh 50%) 014 HA 2041 FIRE 3 ok
+ ERA ] PHAKE FHA T 4Pz
Aoz A oA 20412 BHAID ¥ BREER
£ AA3A .

3) Al=dlel RIEHE
TR FHEA 2] RBERES 0~910kef
HAW AN 287 F 2] HEEE RIS R 713}
o HHE (mv) FEe) GAE T3, 58
Fo XA WEKRE S MERES BEMEER
B A2 22 2mm NHHLE 485F, F
96mm7t A F7t RO Z ol FAIFIHA 1 T4
He 1A (nv) o BREe] FAE +39
NERES 2o o 2o
Force=5.5907X mV, *=0.9973
Deflection=0.5166 X mV, r*=0.9998
o714,
Force= AJIT &, kgf
Deflection=A 7] 2 A%, mm
mV= I EE, mV

V. &R Y BE

7t SEX| S KRR

THAY KARE 2 RBESES 22438
Aot FAIE FRABFE 2 2 8ol
Al g AFH s 20C-rh 51.12% 9 20C-rh 97
% 2] th71 20 A 2007 RIRE 8 o2, 0] S
AKHEE 257 20C-rh 7365% 2309 ERER
ol ¥ ¥ 207 HF o2 d&ste kR
£ 334

39 294 Ee viebge] Bigoly RS
T FHEKK TBAITL o 20412 A=}



FUE EAE FUAGAY FAYTAY BAH Pl A AF(D)

30 : . ;
-~ T } | & 30x 4 * Box B
& [- i i
) I S
Sasf- | | :
S e ’ C-th
R i —— Absgorplion, 200C-th81.12%
. : g --{-- Desorption, 20°C-th97%
= 20f " -
§ b “ e Y ‘
o i TP been L @ .. .. ‘J ''''''
:;15“ : ] . -1‘: E,‘r
5 s s
.2 10+ i i -
e i
= 9 | ‘
s> J
0 200 400 600 800 1000 1200

Time. min

Fig. 2. Absorption and desorption curves of the

corrugated fiberboards at 20C-rh 73.65
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Table 2. Direction of panel failure in the corru-
gated fiberboard boxes during comp-
ression according to the relative hu-
midity and the temperature of 20C (10
samples per each condition)

lﬁlerléiité\{t(; D 2 LXD panel base
% Inward | Outward
40 8 2 4 4
60 8 2 5 3
80 9 8 1

Note : 1) vertical side panels deflected latera-
lly inwards or outwards
2) otherwise deflected
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rature and relative humidity at loading

rate of 10mm/min.
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