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Estimation of Rate of Decrease in Compressive Strength
for Corrugated Box with Hand Holes
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Corrugated boxes with hand holes are used at many logistics sites because they improve work efficiency during cargo
handling. Compressive strength can be calculated using the Kellicutt formula for 0201 format corrugated boxes,
commonly called “Mikan Bako” in Japanese, but the Kellicutt formula cannot be applied to corrugated boxes with
hand holes, making it difficult to calculate the compressive strength. Therefore, in this study, we analyzed the
influence of hand holes on compressive strength and then considered the rate of decrease in compressive strength at
any side length of a corrugated box with hand holes. The results show that when the hand hole is on the short side,
the larger the side length of the long side, the smaller the effect on the compressive strength, and conversely, the
longer the side length of the short side, the greater the influence on the compressive strength. Furthermore, since it is
possible to calculate the rate of decrease in compressive strength from any side length, it becomes easier to understand
the strength of a corrugated box with hand holes, and it is expected that the quality of logistics will improve through
appropriate packaging.

F—O—F ol BoR— Vi, IO, ERRE

Keywords : Packaging, Corrugated box , Hand hole, Compressive strength

‘v A7 4 — R, LOGISTEED,Ltd.

"H A% # (Corresponding author), v ¥ A7 ¢ — NR(T 104-8350 B AP X 5fE ~TH 9% 2 5),
LOGISTEED,Ltd. 2-9-2, Kyobashi, Cyuo-ku, Tokyo 104-8350, Japan
Email: ka.shirai.mh@logisteed.com, s-kanai@logisteed.com

— 235 —



FHT AN & BN — L3I F51F S LRSI T FHEDOHEE

1. %8

2024 FEMEIZ L o TR ER TIX, E4F
ARG I O HIRC b 7 v 7 O E o -
E L KRA IV MAENRD BTN D

TEE D Gy By T UL, far A R T IR
HEAEDIEALCTE LT WIBR~OLEEAE T
BREDOWY AN ERSNTEY, O —H
LT, FHUIRMNEBER—ANDH D, BAR
— VBRI D T ER
TARAF DM L L FIC L 2EEAEY X
7 EMEITHENTED

ZLT, Ml ELm ESE 210 A
&L TIE, BB — L5 O RE A B8 <o il S b
Dffi/METR ERFEET D, L L, ZOREIC
WEMMR EHOEICH 2 5T IEARE
WOBEPEEL, WRLEPRKELLERD
NTLEI, TDH, BERFITILIINLE
BEZERT2EEMOMELETR L., i
AR WAL= R eV A A AN NI 1 SRA R Y % o
THZERHARDLNATVD

COWMERBEMOBTEIX, AT LA
EMIC Lo THRIEORD I3k x TH D, Bl
TEOYFRBEHE CTHEA SN TV D EEMDZ <
FEBER—AHTHY, —EMIZIIS Z 1507
HED 0201 TZ (LIt A & KFRL) &l
% B AR — VR T Kellicutt 3 2 1
JA R LT 2 M BEMERE 2 R D
ZENRTED,

L2L, ARXDOFHITAMEOBER—IVH
~OWHIE AR TH D, TDOH, AXNDOF
BMT R & B AR — VR B U TR R SR A
KD DB, EMRBRICTHAET L2 & —
MR E 7R o TV DD, AREE DT A XK L

TH D

THEEOY T EH O CRREZFE T 5%,

2B LT,

BT H2Z LIk oT,

FENTTTHETICEL O EZ®ELTL
FEOENDD, EDX, HERRE EHT
L20TEARLS, —ERORRT — X h b EA
BMEOHERBRE LG L N TENIE, %
() 70 @l 2R ORE N FIRE & 72 D,

AR CTIEFHITAMEER—LEOE
MisREEIZ B L TR O J& 0 B 2 & 1l 5 i 12 HE
ETXDHXH9CTHZLITXD, 2024 4FfH
A E &L TR 00 R RE 0> A0 K OV

A L oI Lo —Bh 52
LEEMET D,

FEAMIEICE LT, MET D XEkD D
B g LIS BT AR i 2 Tk
FH T RIC—HESHOE LT IREL HED
SRR DG ) FRAT A A BR B R IE IS CEM L. FEIE
HERBEBOBBEZH S Lz, RN LN
EE R R OIER D BT R AT M
FIZIS NEFRECL D ERNmhole, O
fth, JEMESRES FICRIET @R O & TR
B 585 ¢ TIEREEDOH T A X
CTFHTRORE S, Bk, I\ 2EHs
LiBX O &EGDOEEMBERTZH 6
oo MR ELT, FHFREBROEZHTE
LA C B AR — VIS L
ER TR ENynoTl, AL T
FRCERAER E 2 PN R S BEAR VR
DD R EALE F6 O JEAE SR E 12
XHEBIOVWTERT IO ET S,

R XOERITRDOEY ThDH, 2 BILE
DTHERBREMN ERBRAE., RBRE 2O

3 BTt A TRWTHHT I & HEE AR
4 BEIZBW TR RERIC L 28I L
THEHL, MBICSEILTCELEDET S,

-7 Jid

I 20~50% D iR

EICRRE L

— 236 —



o
2
%
e
s

2. HBR
21 REBEH

A ZE TULTFE T O LB AR — V58 ISt
T B THT A & BEAR — VB O TE e 9 B 0 %
TREMET D, 0%, ETHEMELEDS
WA A ADJEMRET — 4 #F L, Z0
T NOEE QDRI D ERERE D
MFREZHET D,

AR AT THTROMNAXDER— L
FemmmmicFEHITRERTZAXNDER
— VD 2 I
V. AIML{E A 23°C/50%RH.
02039) & THEhith. Fig.1 OJEM B %
FN T L R R FffEc. BA
— VR DS R L 7o M AT o0 T A O EE oD Tife 7R
Fht L 7=,

B AR — b ik,
LB180/MC120/LB180 .

stL T JIS Z 02125 (2]
24h (JIS 2

10mm/ %5 @

JIS P 39027 Ml & @
i B AR — v
(AF) | (LLf% KS5-AF R EHEHA L, &
YINTy H =T 2D ARD AR — L
M(ES%Z L, WWE W, ®3% H & &)
ERE LI, 2 L CHEERE S
KRIEHOHNT7 Z v TIE 1 FOT—TREDIZT
[ E & T>7=, £7= Table 1 ® X 512 100~

||.'a...'u*__=
| 1

.___' .i__"j K P i

I—— .

Fig.1 Compression tester
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Table 1 Corrugated box list

No L(mm) W(mm) | H(mm) | Box size(cm)
1 500 200 300 100
2 400 300 300 100
3 300 200 500 100
4 600 240 360 120
5 480 360 360 120
6 360 240 600 120
7 700 280 420 140
8 560 420 420 140
9 420 280 700 140
10 800 430 320 160

ﬁfé
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Fig.2 Position of hand hole (Short side)
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FPTFHRHOANELOERRN—LHEICEL T Table 3 Test results (Hand hole)

WP Kellicutt 20 2 26 B H &N 5 E5H No_ [ L(mm) [ Wimnm)] Hmm) | _kellieutt(N) N=1-30N) Average(N)
) ) 1 500 200] 300 2,058 2,180] 2,055] 2,004 2,080
MBIV REWEERER ST, TG A 2 | 400 300 300 2.058] 2.097] 1,993 2.275 2122
‘ . o o 3 300 200[ 500 1,840] 1.908] 2.123] 2319 2117
XA — VAT, TR LRI OB AR & 4 600 240] 360 2.187] 2,139 2.262] 2471 2,091
5 430 360] 360 2.187] 2.519] 2.678] 2,603 2,600
D H/NSWEE R o2, ZHIXFET A E 6 360 240] 600 1,955] 2,103 2.116] 2,503 2,241
7 700 280 420 2302 2.427] 2,563 2.647 2,546
HIEMEWRE OIK TN EZ 2 53, Table 4 8 560 420 420 2,302| 2,773| 2,592| 2,736 2,700
9 20 280 700 2,058] 2.348] 2,195] 2,608 2,384
T RS ICEH L 307N, 11% D E S TFF 10 | so0] aso] 320 2517] 3.853] 3.547] 3.660) 3,686

MasR NI T T oM F & 2o 7,

Table 4 Test results (Comparison)
No No hole(N) | Hand hole(N) | Difference(N) |Rate of decrease(%)
1 2,352 2,080 m 12
2 2.481 212 359 14
3 2.166 2117 50 2
4 2492 2,291 201 8
5 2,984 2,600 384 13
6 2470 2,241 229 9
7 2,650 2,546 104 4
8 3,559 2,700 859 24
9 2,684 2,384 300 11
10 3.992 3.686 306 8
Nol-10 average 307 11
3. o
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Fig.4 Test scene (Hand hole) R IT T A LR OW oM 910 L
Table 2 Test results (No hole) T, FH O R®EL OB AR — /L5 X Table 6.
No | Lmm) [W(mm)] Homm) [ kellcutt(N) N=1-3(N) Average(N) FHT RS E OB R — L IE Table 7 1237,
e B T
o m T L wkd keen omca
T P,
T R T 5 T e D A
9 | a0[ 28] 700 2,058 2,842] 2.468] 2,743 2,684
10 | soo[ 4s0] 320 2517] 4011 3.818] 4,148 3992
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Table 5 Correlation of test results

kellicutt No hole  Hand hole
kellicutt 1.00
No hole 0.83 1.00
Hand hole 0.83 0.87 1.00

Table 6 Correlation (No hole)

Compressive strength L W
Compressive strength 1.00
L 0.67 1.00
W 0.94 061 1.00

Table 7 Correlation (Hand hole)

Compressive strength L W
Compressive strength 1.00
L 0.74 1.00
W 0.85 0.61 1.00
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Table 8 VIF (Variance Inflation Factor)

L w
No hole 1.80 8.49
Hand hole 2.25 3.60
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Cs1=0.562 x L +5.403 x W + 874.681 — (1)
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B F KO P-E<0.05 D%, EIFR K CHEEIT
FE WTbhbiltsxd, ZOBEMLHDL
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Cs2=1143 XL +3.343 x W +888.799 —©@
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Table 9 Regression (No hole)

Table 10 Compressive strength (No hole)

No hole L (mm)
™ 3000 400|500 6oo| 700| 800
200] 2,124| 2,180 2,236| 2,292| 2,348 2,405
W 300| 2.664| 2,720 2,776 2,833| 2,889 2,945
(mm) 400 3,204 3260 3317| 3,373| 3429 3,485
480| 3.637| 3,693 3,749 3.805| 3.861| 3,917

Table 11 Regression (Hand hole)

Regression Statistics

Multiple R 0.896
R Square 0.802
Adjusted R Square 0.788
Standard Error 220.362
Observations 30

i S8 MS F Significance F
Regression 2 53171593 2658579.603 54749 3.156E-10
Residual 27 13110992 48559.29
Total 29 6628258.5

Coefficients Standard Error t Stat P-value

Intercept 888.799 158.778 5.598 0.144E-06
L 1.143 0.344 3323 (.003
W 3.343 0.574 5.823 3.379E-06

Table 12 Compressive strength (Hand hole)

Regression Statistics

Hand hole L (mm)
N) 3000 400/ 500]  600|  700| 800
200| 1,900| 2,014| 2,129| 2,243| 2,357 2,471
w 300) 2234 2349 2463 2577| 2,691 2,806
(mm) 400 2569| 2.683] 2,797| 2911 3,026] 3,140
480| 2.836| 2.950| 3,065 3,179 3293| 3,407

Multiple R 0.946
R Square 0.895
Adjusted R Square 0.888
Standard Error 192.010
Observations 30

df SS MS F Significance F
Regression 2 8529164 4264582 116 S.T737E-14
Residual 27 995428 36868
Total 29 9524592

Coefficients Standard Error t Stat P-value

Intercept §74.681 138.349 6.322 9.091E-07
L (.562 (.300 1.875 0.072
W 5.403 (.500 10.801 2.648E-11

333 EMEEDETE

OAXK VO LY, FTIXFH T RN EMER
T 52 &I KD EMIEE ORI A Cs3 & L
THEHT S, OXPLQOROEZRLZET
KOBNDH, LTFIZRT,

Cs3 = (Cs1 —Cs2
= —0.581 xL+206xW —14.118 —(3)

— 240 —




Flo, QXY FHITRNELOBER—IVH
T DI TRIZUTORREICE > TRD S
ZENTED,

Cs3
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Rate of decrease

R ]

Fig.5 Rate of decrease (Graph)

Table 13 Rate of decrease (List)

L (mm)

Rate of decrease (%)
300 400 500 600 700 800

200 11% 8% 5% 2% 0% 0%

W 300 16% 14% 11% 9% 7% 5%

(mm) 4000 20%| 18%| 16%| 14%| 12%| 10%

480 22% 20% 18% 16% 15% 13%

Vol.33 No.4 (2024)
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Table 14 Absolute error of actual values

and theoretical values

Actual Theoretical Absolute error
Noo | L(mm) | Wmm) | s 06) values (%) (%)
1 500 200 11.6 4.8 6.8
2 400 300 14.5 13.7 0.8
3 300 200 23 10.5 8.2
4 600 240 8.1 5.3 2.8
5 480 360 12.9 14.5 1.7
6 360 240 9.3 11.4 2.1
7 700 280 39 5.6 1.7
8 560 420 24.1 15.2 8.9
9 420 280 11.2 122 1.0
10 800 480 7.7 13.0 5.4
MAE (Mean Absolute Error) 3.9
30%
y=x
25%
g 20% Ty =0.855x
[ R?=0.8335
® 15% - L
= % ® e
2 °
I} L]
2 0% . e
= s
5% L = . °
0%
0% 5% 10% 15% 20% 25% 30%

Actual Values

Fig.6 Scatter plot of

Actual values and Theoretical values
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