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Prediction of the Compressive Strength of Cardboard Boxes
using a Neural Network

Kyohei IIDA"
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In this study, we made a predictive model for the compressive strength of cardboard boxes using a neural
network, and evaluated the prediction accuracy. The swish function was used as the activation function. We
searched for conditions with high prediction accuracy by changing the number of nodes and layers in the hidden
layer. As a result, a condition was obtained that result in the root mean squared percentage error of 8.53%. This
value indicates better prediction accuracy than the simple kellicutt formula. Furthermore, the predictive model
can predict the compressive strength of partitions and cardboard boxes containing partitions.
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Table1l Cardboard materials

No. | Flute/ Liner/ Corrugating Medium T]:'ia::;:er
@ AF/C160/ S120 75
@ AF/ K140/ 8120 75
(O] AF/K170/ 8120 75
@ AF /K170 /PS120 75
® AF/ K170/ S160 75
® AF/ K210/ S120 225
@ AF / K210 /PS120 75
AF K210/ S160 75
@ AF / K210 /PS180 225
@ AF / K280/ S120 75
@ BF/C160/ S120 40
@ BF / K140/ 8120 40
@ BF/ K170/ S120 40
@ BF/ K210/ S120 40
® WF/ K140/ S120 40
® WF/K170/ S120 40
@ WF/ K210/ S120 150
@ WF / K280/ 8120 40
Total(18types) 1480
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Table2 Types of boxes

Types of Partitions | Flute | Material The number Subtotal
boxes of boxes
D~®

AF | 9.6.@ 40 of each 500
®,@ 90 of each

0201 § BF | @~@ | 40 ofeach | 160
WF @ > @ | 40 oé’oeach 170

Not

included

AF | @~@ | 20 of each 200
AT | @~@ | 15ofeach 150
AF | ®,©® | 10 of each 100

a~e
WF @ 10 of each 50
AF ®, @ 10 of each 100

NO bOX a~~e
(Fartition only) WF @ 10 of each 50

Total 1480

Table3 Range of dimensions and compressive strength

Types of o, Length Width Height | Perimeter | Compressive
boxes | arttions | Flute [mm] [mm] [mm] [mm] strength[N]
AF | 139~733| 80~443 | 107~743 | 520~1932 | 1340~ 6650
0201 BF | 67~397 | 53~251 | 53~397 | 256~1104 | 940~ 4060
. Not WF | 157~739 | 100~461 | 101~727 | 516~1920 | 2340~12300
included
0215 AF | 109~739 | 101~467 | 113~739 | 420~1928 | 1260~ 6470
0300 AF |179~701 | 101~647 | 53~199 | 612~2660 | 2850~16540
0201 AF | 180~520| 80~420 | 170~430 | 520~1880 | 2160~11770
a~e
WF | 200~500 | 100~400 | 200~400 | 600~1800 | 5660~15690
AF | 180~520| 80~420 | 170~430 | 520~1880 | 830~10170
No box a~e
(Partition only) WF [200~500 [ 100~400 | 200~400 | 600~1800 | 1950~11130
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Table4 Explanatory variables

Types of | The number
Parameter data |of parameter
Material | Category 18
Length Numeric 1
Width Numeric 1
Height Numeric 1
Perimeter | Numeric 1
rI‘ypf:S of boxes Category (im:ludi%g none)
Partitions | Category| . . .6 wiome)
Total 32
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Tableb Layer structure

Input Input &
Layer
Out Shape:
Affine 3,7,17,37,73,149,307
thaver /| Hidden|  Batch N
5Layers Layer | Normalization
Hgkvahon Swish
Function
Affine Out Shape:1
Output Batch B
Layer | Normalization
Output .
(Squared Error) size:1
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Table6 Minimum RMSPE each the

number of layers

The number RMSPE[%]
of Layers |(Thenumberof nodes)
1Layer 8.86 (307
2Layers 8.57 (13
3Layers 8.76 (307
4Layers 8.94 (307
5Layers 9.24 307
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Table7 RMSPE per type of boxes

T{)’Pes of | partitions | Flute | Material | 12€ PUmber | pyrapmio]
oxes of test data
AF | ©O~@®© 1034 7.80
0201 BF | @~® 313 11.4
_Not P wpr T o~® 325 8.72
included
0215 AF | O~® 398 9.30
0300 AF | @~® 307 5.52
0201 Ao AF | ®,0 181 9.11
WF @ 95 9.62
No box A~ AF | ®,© 206 8.32
(Partition only) WF @ 101 7.50
Table8 RMSPE per materials
No.| Flute/ Liner/ Corrugating Medium rﬂ?i;::ff;‘;r RMSPE([%]
€y) AF/C160/ S120 157 7.78
@ AF/ K140/ S120 169 7.72
©) AF/ K170/ S120 159 7.50
@ AF /K170 /PS120 160 6.70
® AF/ K170/ S160 180 7.61
® AF / K210/ S120 439 8.36
@ AF / K210 /PS120 139 6.14
AF / K210/ S160 163 6.01
©) AF / K210 /PS180 418 9.76
@ AF/ K280/ S120 142 7.59
@ BF/C160/ S120 83 10.3
@ BF / K140/ S120 71 11.3
@ BF/ K170/ S120 79 11.5
@ BF / K210/ S120 80 12.3
® WF / K140/ S120 74 9.68
@ WF / K170/ S120 78 7.14
@ WF/ K210/ S120 298 8.55
@ WF / K280/ S120 71 9.57
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Table9 RMSPE per compressive strength

Compressive strength [N] T:;i:;??;;r RMSPE[%]
Under 2000 297 11.5
2000 ~ 2999 565 8.52
3000 ~ 3999 635 8.32
4000 ~ 4999 471 7.58
5000 ~ 5999 245 8.35
6000 ~ 6999 250 8.84
7000 ~ 7999 158 7.23
8000 ~ 8999 106 5.90
9000 ~ 9999 78 6.68

10000 ~ 10999 57 7.68
11000 ~ 11999 46 Q.37
12000 or more 52 9.21

Table10 RMSPE per flute in the range of compressive strength under 2000N

. The number o
Material of test data | BMSPEL%]
Compressive Only BF 198 11.6
strength
under 2000N | Except for BF 99 11.4
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