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Effect of Ambient Relative Humidity on Cushioning Performance of Kraft Paper Pads

QIN Min, FANG Jian, YANG Xu, TAO Wen-xuan, YU Lei

(MOE Key Laboratory of Wood Material Science and Application, Beijing Forestry University, Beijing 100083, China)

ABSTRACT: The work aims to explore the effect of ambient relative humidity on the cushioning performance of a new
kraft paper pad. Based on static and dynamic compression tests, the cushioning performance of kraft paper pads of 2, 3
and 4 layers was analyzed under 30%, 50%, 70% and 90% ambient relative humidity. In the static compression test, the
static pressure bearing capacity of kraft paper pad decreased with the increase of relative humidity, but increased with the
increasing superimposed layers. There were humidity stress boundary values of paper pads of different specifications.
When the external force on the material was less than the humidity stress boundary value, the cushioning performance in-
creased with the increase of humidity. When the external force was greater than the humidity stress boundary value, the
cushioning performance decreased with the increase of humidity. Under certain humidity conditions, the number of supe-
rimposed layers also affected the cushioning performance of kraft paper pad. At 30% relative humidity, the cushioning

performance decreased with the increase of the number of layers. At 50%, 70% and 90% relative humidity, there were

ks HER: 2022-09-04

EL&TIH: WAL XFPRIRARMFLEHEFRLEL (2017]C12)

fEEE N T4 (1997—), %, ME4A, THEFEE,

BEEE: 74 (1978—), &, W, TEZHETOAHEOEME, alslrh. 445, 2RE. PVAFTHRKE
FADR AR T B A TR



Faa oM

B, SF e PRITAHRNUR X A B 4RER G2 M RE R R B AT 5T - 191 -

stress boundary values corresponding to the number of layers. When the external force on the material was less than the

stress boundary value of the number of layers, the cushioning performance decreased with the increase of the number of

layers. When the external force was greater than the stress boundary value of the number of layers, the cushioning per-

formance increased with the increase of the number of superimposed layers. In the dynamic compression test, with the

increase of the ambient relative humidity, the maximum acceleration transmitted by the kraft paper pad to the product in-

creased, and the cushioning performance decreased. The increase in the number of superimposed layers reduced the

maximum acceleration transmitted to the product and enhanced the cushioning performance. The above results have po-

tential guiding significance for the design and material selection of kraft paper pad cushioning packaging.

KEY WORDS: kraft paper pad; cushioning performance; static compression; dynamic compression; ambient relative

humidity
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Tab.1 Specifications of kraft paper pad sample

RERAR  RAUE R/ (g m™) BINEE WIEE R /mm

S-2 70 2 25.12
S-3 70 3 30.56
S—4 70 4 40.29
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Tab.2 Percentage of stress decrease with the increase of humidity at the same strain

fry=2mR23 00.4/kPa 00.s/'kPa 00.¢/kPa 00.,/kPa 0o.s/kPa R I/ NE 43 b /%
30%-S-2 6.62 10.7 17.45 28.54 49.93

50%—-S-2 5.43 8.83 14.52 24.63 43.12 13.64~17.98
70%—-S-2 3.06 5.1 9.04 15.67 27.52 36.18~43.65
90%—S—-2 1.61 2.38 3.4 5.18 7.9 47.39~71.29
30%-S-3 7.81 12.22 19.87 33.89 68.7

50%—-S-3 6.37 10.36 16.73 28.03 45.01 15.22-34.48
70%—-S-3 4.33 6.88 10.7 16.82 26.67 32.03~59.25
90%—S-3 2.46 3.65 5.52 8.66 14.02 43.19~48.51
30%-S—4 11.08 17.71 30.06 56.18 130.19

50%—-S—4 6.88 11.26 18.55 31.44 56.63 36.42~56.52
70%—-S—4 5.86 9.43 14.9 23.82 37.45 14.83~33.87
90%—S—4 3.91 6.11 9.34 15.03 27.09 27.66~37.32
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relative humidity conditions (23 °C)
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Fig.5 Elastic specific energy-stress curve of different superimposed layers (23 °C)
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Tab.3 Characteristic coefficient and empirical formula of G,,-o,; curve under different humidity

WSS BRI A/mm FHERE (e ar\ ars a3) EEL /N

30%-S-2 200 60.6. —2165.8, 27 835.8, —95359.8  Gm=60.6—2 165.80, +27 835.802 —95359.807
50%-S-2 200 59.9. —2195.9. 30840.4, —103563.6 Gm=59.9—2 195.90, +30 840.402 —103 563.607,
70%-S-2 200 493, —1293.2, 16972.9, —48215.9  Gm=493-1293.20, +16 972902 — 48 215.957
90%-S-2 200 65.6. —1918.9, 24284.9, —63316.1  Gm=65.6—1918.90, +24 284.902% — 63 316.107

R4 FEABMEH G o FERHREZBAR

Tab.4 Characteristic coefficient and empirical formula of G,,-o, curve of different superimposed layers

R R
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