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Corrugated Box Deformation by Static Load
under Fluctuating Air Humidity
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When moisture contents of a corrugated box is constant, it is proved that the stacking lifetime of a corrugated
box can be estimated from the creep rate measured by the stacking test. But, we don’t guess a case under
fluctuating air humidity. In this study, we apply a load on corrugated boxes under fluctuating air humidity and
examine the effect to box deformation by fluctuating moisture content. And, in order to estimate the proper
stacking lifetime of corrugated box, we determine the creep rate by box deformation displacement measured by
stacking test, and review expansion and contraction of the box under fluctuating moisture content. As a result,
at first we show that an expansion and contraction amplitude of the corrugated box by fluctuating moisture
content does not depend on the fluctuating rate. In addition, we point out what the stacking lifetime of a
corrugated box can estimate by the stacking test under constant moisture content that is equivalent under
fluctuating air humidity, and monitoring on-site compression displacement of stacked corrugated boxes
deformations.
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Fig. 1 Creep Rate of Corrugated Box under
Static Load
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Fig.2 Stacking Test
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Table 1 Setting Relative Humidity
Condition (Constant Condition and Sudden
Change Condition of Moisture Content)

o Time
23C v | 4-8h [ 8-12h [ 12-16h] 16-20n[20-24h
Sl 7% 58%
HIET 76%
o[ 10% 80%
S 11% 82%
o 7%-o%| 58% | 76% | 40% | 76% | 40% | 76%
= [ow—7%] 76% | 40% | 76% | 40% | 76% | 40%

Fig.3 Setting Relative Humidity Condition
(Slow Change Condition of Moisture Content)
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Fig.4 Drifted Moisture Content
Changing by Relative Humidity (Rapidly:
Moisture Content Start from 7%)

Fig.5 Drifted Moisture Content Changing by
Relative Humidity (Rapidly: Moisture Content
Start from 9%)

Fig.6 Drifted Moisture Content
Changing by Relative Humidity (Slowly:
Moisture Content Start from 7%)

— 212 —



o
S
&
i
B

~Z% Wol.27 No.d (2018)

Fig.7 Drifted Moisture Content
Changing by Relative Humidity (Slowly:
Moisture Content Start from 9%)
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Fig.8 Time Series of Box Deformation Drifting
Moisture Content Rapidly

Fig.9 Time Series of Box Deformation Drifting
Moisture Content Slowly
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Fig.10 Derivation of Constant Box Deformation
Speed

Fig.11 Fluctuating Box Displacement without
Constant Box Deformation Speed by Static
Compression (Sudden Change Condition of
Moisture Content)

Fig.12 Fluctuating Box Displacement without
Constant Box Deformation Speed by Static
Condition of

Compression (Slow Change

Moisture Content)

BEZNEN 0.16%, FRAREENSRIED 0.15% &
2%, LED X ST, GRRBIESM L ER
EEFMOMEREPBEIEE LN L0,
FEME LG KRB R E L2 2 R
FOYIEVS

5. EMEMRELEKEDE=F)ITIZLBHE
EEEAE

W B Tl E KRN A AN LB 3 2
7o b, FRINCFE E T B 2 Bl 4 1T
D LIEFIARTEETH D, TI T, BARELH
Gk & AN 72 5 KR — B S 2 R AU,
BB EFMICBT D FRIOEAMER
BRC185 7 ) — 7R S RE I OHEE A 7]
REL 7259,

BIKFE—ESAMT OFFE AN EUBRAE R
BLOBKEEHRMETOERKERTH D
Fig8. Fig9 7°5 Figl0 IR d ko727 4L X
U v ZHBZ X o TR LI B EMEE Y &
2T 5 RERBAAA 720 431% & 1200 41k O
Ha T 8 D 72 (Ad) % & ORER] (480 min) THR
L 7=l % R BRBA A 960 /3 1212 31T D A i
EL, TOEEE ) — T RITHEFE LT
(Table 2), Table 2 | & V| G/KREH D/
U—TREFE LD EEKET, GAKE
EEEOMKEKETHD 9% TIERL, £
NIV HRER1%ITR>TND, ZOFEH
T 572 0ITiX, BEREOZEITIED
B R — L OW HOBHSAE O FER 22 R 23 BT
b, SHOMEET D,

Be AR — VHRE ML U — 7R E %L
BIfR L TWD A, BKE—ESM L EKERE
WABSIEIZ 1T 23 BB IR 960 5314 O
EREIZEND Do, WEEORE M
FELWEITR G2, Figl3 (23T X912,

— 214 —



AARE 255 Vol.2T Nod (2018)

WS CHEEE T 2RO LR (FRIOEEHN
RERIC X0, B mEE AN B D R
TEDLZENALNTNDS 9) NELWER
ET D & RERBALE 960 4314 D EAELE TR
REWEKE 9%BHIAIRIRAB SO )7 35
OREWIMNENEBZ 2 NG, 2T, MW
SOOI Y —=TERELNVBDEL, ZDY
U —TREMGMD 7 V—TF a OFHfE L
LTR®HD L 2583 (x10* day!) L7eb, &
KFE 9% BHIARR IR A B Sk O RERBAAA 960 43

BOEMETETHPER T2 L ET S L.

RERBA LG 960 43121231 B WS DJERZE T
BN 0.6795mm THDHZ D, TOER
BAEZOTHEAS) ITHRE L, AS 2
Y — 73 (25.83 (x10*day") ) THTZ & T,
GKE 1% ESMTIT DS HIR %
Koo & 1250 43 & 70 % (Fig1d), 2F0 ., &
K 9% B ARKEIR 2 BY S D F D PR 1 M VX
EIKRIY% EREICBITAHEEHE LY b
KRR 21 BRI & RIS D, DL B o
BItR 2K (2) 12”7,
Lifetime =T — = (2)
T2, TIF—EEKRREFMITBIT D BAR
—VHIREHICTH O | EEEKSA: &
R EEKELRETOZ ) —TF a H A
(1) X vkDdbh, AS W EHFD
Secondary Region (23317 2 [FIIFZI DJERE O
HEFEMAMETH D, LiEn->T, X (1),
(2) &0, EEOEFBHEKERHFIZET D
AR ER E LT, R (3) Ak v 3o,
0.0136—-AS

Lifetime = — (3)

Thbb, BEEKREFEICET L7 ) —7
Ri | [EMEREOET=4 Y il br—

INAT 4 NEY TR EY YT EA
LATHIEL TRBE, —EEKERMHICBIT D
JEAEO 2 B AR KAE (AS) 23R 5H 2 & T,
AWM O FRIARBL L~V TRIRE L 72 D,
mE. BB CIERBEEHOREICLY
ERENBERTZZ LT, BBNEEST S 2
ELHY ., JEMEFEIC L DS WIRIHEE O
HTIEFENICRVGL, £2 T, BA—L
FMOGKEEE=H ) TTDH L (BFER
RE DLA L~V EKRR TR Bt 2
ENTW5D, BLEICEY, EMEEREDOHEY
=Y o7 LSRR ERERERIC L FHET
E DR HIRE IR ZHEE L, ek h
DEKRKROBIGE=F Y LTI LB a7
FTAOHK ARG T D ik REE
oY 27 IKBIZEBTE 5,

Table 2 Displacement and Creep Rate
in Case of Every Moisture Content

Moisture A dlmm) Creep Rate

Content (x 107 dayq)
7% | 0.07575 7.50
Constantly 9% 0.1375 13.61
11% | 0.26525 (26.26)
Rapidly 7%-9% | 0.4735 46.88
9%-7% | 0.3325 32.92
Slowly 7%-9% | 0.3865 38.27
9%-7% | 0.2565 (25.40)

Fig.13 Concept of Equivalent Creep Rate and
Remaining Life Time
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