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The Relation between the Strength of Fiberboard and
Corrugated Fiberboard Sheets or Boxes
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Bursting strength in some physical propertics of fiberboard is recognized as the standard property in
many cases still now.

We have studied systematically some physical propertics of fiberboards, corrugated fiberboard sheets,
and corrugated fiberboard boxes, and considered whether bursting strength should be or not be the standard
property in physical propertics.

Consequently we found the compression strength of the box, which is the most important property in the
logistics, is proportional to the composite ring crush strength of top linerboard, back linerboard and
corrugating medium X take-up ratio (AF:1.53) or the edge crush strength of the corrugated fiberboard shects.
But the compression strength of the box is not proportional to both total bursting strength of composed
fiberboards or corrugated fiberboard sheet.

Therefore we have confirmed that the ring crush strength of fiberboard will be more important in
cstimating the compression strength of corrugated fiberboard box in future.
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Table 1 Fiberboards used for test and the fiberboard machines in the production makers.
Fiberboard . Linerboards(for top and back) | Corrugating medium
Trade name R(Y)-ETS 160 O-OFC 160 K-KC170 R(K)-KSR120
Production maker R K R
Machine No. D 32
Number of ply 3 U RN N ]
Type of wet part Multi- Duo K Former : Hi-speed Fourdrinier
B fourdrinier SRS WU o 1S S
Machine width cm 485 485 i 320 315
(Wire width) __cm 20 LG50
Max speed m/min 850 640 400 650
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Table 2 Properties of fiberboards

i R 0 K R R (¢} (o] K
Prpduction maker © & A
Trade name ETS OFC KC KSR ETS SC SC KC

160 160 170 120 160 160 170 160
Fiberboard TOp Back pr Back 'Ibp Back Med- DOn’t make
Liner liner Liner liner Liner liner | ium corrugated
Number of specimen | fiberboard sheet
Basis weigh g/nf 5 | Ave 160.4 169.4 169.7 168.8 168.4 172.8 120.8 | 169.5 159.8 170.3 159.9
Thickness um 10 | Ave 184 184 193 197 207 216 192 181 183 198 | 202
Density  glem? 0.87 0.87 0.83 0.81 0.81 0.80 0.63 0.88 0.87 0.88 0.79
Ring crush 10 | Ave 226 231 227 230 266 252 148 241 223 269 227
strength(CD) N Ca* 14 13 14 8 9 17 6 n |9 13 10
Ring crush index 140 145 142 145 151 168 123 151 140 140 142
(CD) kN-nifg | ;
Tear strength 10 | Ave 1.28 1.24 0.94 092 116 1.14 1.01 1.26 0.84 0.87 1.03
(MD) N o 62 58 41 37 | 65 | 63 39 33 50 58 41
Tear strength 10 Ave | 145 | 148 | 124 118 137 § 135 | 131 147 | 1.20 146 | 124
(CD) N o 70 73 51 29 81 | 18 70 53 57 91 67
Tensile strength 10 | Ave 111 115 113 118 100 | 105 69 139 107 123 118
(MD) N/15cm a 6.0 5.2 5.5 12.2 7.0 8.7 1.9 5.8 7.2 6.0 5.6
Tensile strength 10 | Ave 49 51 48 47 39 | 40 40 58 50 52 40
{CD) N/.6cm a 1.1 3.0 1.8 2.1 1.9 1.9 1.6 2.1 1.1 2.8 1.6
Breaking (MD) Ave 4.71 491 481 5.05 4.04 413 3.89 5.93 4.66 4.91 5.02
Strength  km
Breaking (CD) Ave 2.08 2.18 2.04 201 1.62 1.54 2.25 247 2.13 2.08 1.70
Strength  km
Tensile  (MD) 10 | Ave 14 1.7 1.7 1.9 13 18 16 2.1 15 15 | L4
elongation rate % o 0.35 0.30 0.29 0.46 0.31 0.35 0.30 0.32 0.29 0.34 0.22
Tensile CD) 10 | Ave 3.7 4.2 6.0 4.8 2.3 2.7 3.7 5.1 3.1 3.2 28
elongation rate % [ 0.68 0.94 067 ' 082 0.54 1.0 0.65 0.95 0.31 0.67 0.89
Bursting 20 | Ave 345 339 348 342 291 294 235 401 295 323 301
strength ] 21 20 18 14 28 4 28 13 24 20 22 19
measured _kPa |
Burst index Ave 2.16 2,12 218 2.15 1.71 112 1.95 2.51 1.84 1.90 1.89
kPa- nilg |
Bursting Pwp Ave 276 317 31 346 240 299 426 276 317 293
strength
calculated Pep Ave 192 219 220 211 129 137 263 184 192 138
(P=2T/r)
£ 24 kPﬂ

Curvatu- Ave 5.36 4.84 4.84 4.55 5.66 4.69 4.35 5.17 5.17 5.36
re I'vp
radius of Ave 3.37 3.13 2.94 ! 297 4.11 3.88 291 3.62 3.57 3.85
expanded Yo ‘ :
rubber(r) ! . |
ke cm :
*  Standard deviation ; o =+/{Z(Xi — Ave)* /(n—1)} Xi ; an individual datum

n ; number of specimen
**  Carson equation ; P(kPa)=2T /r T(N/cm) ; Tensile strength
r(em) ; Curvature radius of expanded rubber
*** =L /sin 0=15/sin 0 L{cm) : Plane diameter of rubber before expanding
8 (degree) ; Degree of expanding rubber curvature
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Fig.1 Relation between bursting strength of linerboards and
A: tensile strength{MD] of linerboards.
B: tensile strength{CD] of linerboards.
C: tensile elongation rate[MD)] of linerboards.
D: tensile elongation rate[CD] of linerboards.
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Fig. 2 Calculating method of curvature radius and elongated fiberboard length.
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Fig.3 Relation between r(curvature radius of expanded rubber) and
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Fig.4 Relation between the measured bursting strength and calculated bursting
strength [Pump. by the equation(1) in linerboard.
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Fig.5 Relation between bursting strength and (A) tear strength[MD] of

linerboards, (B) tear strength[CD] of linerboards and (C) ring crush

strength[CD] of linerboards, and (D) relation between burst index and ring
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Fig.6 (A): Relation between edge crush strength of corrugated fiberboard sheet and
the composite ring crush strength[CD] of fiberboards which are top, back
linerboards and corrugating medium X take—up ratio (AF:1.53).
(B): Relation between edge crush strength of corrugated fiberboard sheet and
the total bursting strength of fiberboards which are top, back linerboards and
corrugating medium.
(C): Relation between bursting strength of corrugated fiberboard sheet and the total
bursting strength of fiberboards which are top, back linerboards and corrugating

medium.
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Table 3 Properties of corrugated fiberboard sheets(A flute).

Composing fiberboard
Linerboard R(Y)-ETS160 | O-OFC160 | K-KC170
Corrugating medium R(K)-KSR120
Number of specimen |
Thickness mm 10 5.03 5.06 5.15
Edge crush strength N/5cm | 10 @ Ave 221 217 237
g* 13.8 15.5 15.3
Flat crush Primary 10 . Ave 199 207 201
strength Peak o 12.4 15.1 25.6
N ' Max 10 | Ave 397 400 385
Load o 11.6 212 240
Bursting strength kPa 20 : Ave 723 725 625
o 55 40 39
Adhesive strength ' Top (SF) | 10 | Ave 249 258 246
N o 11.2 10.3 16.9
Back (DF) | 10 | Ave 238 218 244
g 27.2 20.4 14.9

*  Ave ; Average

Standard deviation ; o = \/{Z(Xi — Ave)* (n-1)}
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Xi ; an individual datum

n ; number of specimen
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Fig.7 Relation between compression strength of boxes and composite ring crush strength[CD] of
fiberboards which are top, back linerboards and corrugating medium X take-up ratio
(AF:1.53). (A): Inner flap fixed. (B): Inner flap free.

Relation between compression strength of boxes and total bursting strength of fiberboards
which are top, back linerboards and corrugating medium. (C): Inner flap fixed. (D): Inner

flap free.
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Fig.8 Relation between compression strength of boxes and edge crush strength of corrugated

fiberboard sheet. (A): Inner flap fixed. (B): Inner flap free.

Relation between compression strength of boxes and bursting strength of corrugated

fiberboard sheet. (C): Inner flap fixed. (D): Inner flap free.
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