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Effect of Humidity and Transportation Distance on Compressive Strength of
Corrugated Cartons

ZHENG Yin-huan, WANG Si-yuan, WU Fei’, LI Hu-sheng

(Wuhan University of Technology, Wuhan 430070, China)

ABSTRACT: The work aims to study the changes in the compressive strength of corrugated cartons, improve the effi-
ciency of corrugated carton recycling, and reduce the waste of resources. Through finite element simulation, the compres-
sive strength of corrugated cartons at different humidity levels and the stress on corrugated cartons during vibration were
simulated. The compressive strength of corrugated cartons was tested by means of experiments to summarize the law of
change in compressive strength. The finite element analysis showed that the higher the humidity, the lower the compres-
sive strength of the corrugated carton and the greater the stress during vibration. The test showed that the higher the hu-
midity, the lower the compressive strength and the greater the reduction in compressive strength when the vibration time
was the same. The compressive strength related formulae derived from finite element and test methods are used to judge
whether corrugated cartons can continue to be recycled or not, which can effectively improve the recycling efficiency of
corrugated cartons.
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1.1 HEES

AHIGE R AT (6l FH %) )2 BUARARAS | 12 BUAS
YCRR =R, W APELE, O, FCBIEAR A UV K,
57 BE ®, FURSAURIPIR ST R 455 mmx255 mmx
575 mm, FURFACHE R ACHE R 5 mm. X FULRFARHE
TERE FURG S5 M AT BR T AT B, 1 s 85 i e K 3K
TR, BB BUAS 2548 7 Ak ok S0 MGtEA T A
B PR E SRR, FARRAER A 1a Bix, A
R SE BR BT R B0 o 7E FOAACAR R R SL Rl 38
FURAAS 2P EA, anfE 16 fiR .
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Fig.1 Three dimensional model of
corrugated cartons
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Tab.1 Material parameters
MARREE /% #E/(kgm ) FYERE/MPa AL
40 1086 840.5 0.3
50 1 086 831 0.3
60 1088 711.8 0.3
70 1091 535.4 0.3
80 1 094 409.3 0.3
90 1097 302.1 0.3
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A FR T A Jl 43 3 A D TR XA ] 43 DA B S T
A AS ) 43, VO T A O A 0 A A R A AR A B R
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FE BT B AR AR B e i R T 0R, AINER EAar A 24 o Gn &
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Fig.2 Mesh division
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Fig.3 Corrugated carton test model
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Tab.2 Vibration conditions

% /Hz RIS /(g7 Hz )
1 0.000 018
3 0.03
4 0.03
8 0.003 5
12 0.008
30 0.003

40 0.007 5
60 0.000 7
100 0.000 5
200 0.000 024

RS ARAE LA BROCOT BT an el 4 fs, ik
AR IRIE 40%F FLASARAR A FROT A7 o il T LB 4R
R RIZEAE b —F, AS[RIF O RE R FUAS 4RAR N ) o3
A S REHAE, B BRI | RIS
AL T

BAT R/m

0.026 458K
0.023511
0.020572
0.017633
0.014694
0.011755
0.0088166
0.0058777
0.0029389
O/

85300 F1/Pa
5.098 9E65 K
1.968 1E6
1.7179E6
1.6284E6
1.5389E6
1.4494E6
1.3918E6
1.3134E6
1.235E6
1.156 6E6
1.107 82E6
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1.7969E5
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Fig.4 Compressive finite element simulation
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Tab.3 Compression simulation results of corrugated cartons

AERT L /% HUEIREE/N {37 % /mm
40 5133 26.45
50 5068 26.47
60 4856 26.91
70 4018 27.63
80 3 685 28.84
90 2876 30.02
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SN F1/Pa

4.466 3E5H K
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Fig.5 Vibration simulation stress diagram of
corrugated cartons



ek oW

ASERFR, S5 Wz i R R X PU AR CAR PO B A T 5 - 261 -

ASTe) AR X B TR B 4R A6 78 Bk sh st G I K R
mZ 4 s,

x4 BRRKENKRFHNAH

Tab.4 Maximum stress and average stress

AERT IR /% H K 1 /MPa Y1 71 /Pa
40 0.446 10 298
50 0.457 10 543
60 0.513 11 407
70 0.596 12 968
80 0.689 15114
90 0.798 17 855
1.3 ZHRAW

A BRICOT B AT Al A, AR R I, R
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2.1 iXEEEiE

FUBRARAR A TSR B e AT R R b 3, P AT R
SAES, e JE TP g B o R R AL PR A R
WA, TR EIEEN 5% ~ 99%, R
W RS NSRS G, BN 1~3 000 Hz,
e RKHETT R 10 000 Ny BT 50 A 40FE BT 5 B2 ik
ML, RN 0~ 15 kN,

YRR R 23 °C, FIXHEE N 40% ~ 90%, %
(BB 10%HUE , HCE BRI E A 24 hy PR35 1]
GB/T 4857.23—2022 { fu%t @2 AR 56
23 FB4r . BEOLIR SIS 71k ) A B S b S5 K
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B ANX SSUKITE, Kb ShizkiE,
km; t AR IR ], min; K 5B H %0, K B 6 km/min,
KR I HEEES A 0,90, 180, 360, 540, 720, 1 080 km.,
U BRI 7 B AR ICE T H0E AL AR
SERRIAALE, JE s, B EMEE IR 12.7 mm/min
WA R, ELRIACAE ORI, SO (A R AE D
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Fig.6 Corrugated carton test
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Fig.7 Crush failure of corrugated cartons
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Tab.5 Compressive strength-displacement test data
- 025h 0.5h 1h 1.5h 2h 3h
@E;\/% PR fik PR fiRs  BUR O fik UE S fikss PUE figs BUE O s BUE iR
FRE/N mm SRE/N mm  SRE/N mm 5EE/N mm BEE/N mm GEE/N mm EE/N mm
40 5195 26.02 5384 26.07 5463 26.06 5190 26.01 5049 2583 4872 2585 4626 2546
50 5172 26.05 5319 26.16 5407 26.11 5105 26.04 4998 2582 4836 2574 4561 2548
60 4735 2671 4803 26775 4687 26.65 4516 2659 4341 26.15 4180 2595 3969 2548
70 4074 27.82 4095 27.66 3975 27.75 3847 28.19 3643 2843 3469 2896 3256 29.42
80 3561 29.12 3493 29.04 3329 2891 3148 29.17 2977 2939 2704 29.51 2473 29.79
90 2982 31.05 2833 31.26 2694 3134 2358 3147 2136 31.65 1925 3198 1595 30.66
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Fig.8 Compressive tendency of
empty corrugated cartons
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Fig.9 Recycled corrugated cartons
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Tab.6 Calculated value and test value of compressive
strength

S 13 SR 7 O 11 WA S 2

e B/km  E/% /N {E/N RE/%
1 250 8 4535 47166  3.85
2 300 9 4215 44324 514
3 400 10 3826 40319 538
4 600 10 3677 38525  4.56
5 750 11 3165 3379.1 634
3 45iF
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