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Studies on Warp in Cross Direction of Containerboard
Hisahiko MORIKAWA®, Takuji YANO*

Warp behavior in cross direction of containerboard was studied. When one side of the
board was wetted, at first, the wetted side warped convexly, and then the warp reached
to maximum, which we named primary peak (P.P.). Then, the warp become smaller and
smaller and at last reached the equilibrium, becoming concave.

The relations between the P.P. and basis weight, density, Taber stiffness, and Cobb
water absorption of the board were analyzed. As the bottom side of linerboard was
wetted, the time to reach the P.P. was in direct proportion to the basis weight and the

Taber stiffness.
When the top side of linerboard was wetted, the warp of the P.P. was in inverse

proportion to the basis weight and the Taber stiffness and in direct proprotion to the
Cobb absorption.

Keywords : Warp, Containerboard, Linerboard, Primary peak, Basis weight, Taber stiffness,
Cobb absorption
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Table 1 Properties of paperboard used

Basis

Thick Density Cobb absop Taber stiffness

No. Board velght _ness (g/m3) -tion(g/m?) in_ CD (gf-cm)
(g/m?) {mm) {120sec) Top Bottom

Top Bottom 3000 Simer Av.
() JIS A-grade 220 22| 0. 288 0.71 260 130 29.0 210
O JIs A—grade 220 220 0.276 0.80 26 59 1.9 2.6 198
O Medium SCP 125 ]26 0207 0.6] 16D 160 L4 L2 43
§ 31s A-grade 300 304 0.363 0.84 30 350 25.3 45.8 356
® 315 A-grade 280 276 0,353 0.78 25 5§ 4.8 124 511
® JIs AA-grade220 213 0216 0.19 21 21 .3 2.4 .4
0 Euld 3¢ele o0 222 0216 0.B0 12 4104 264 184
@ Costed board230 234 0, 269 0.87 62 240 137 1.3 188
g Reinforced o ygy g1 061 11 B 176 128 152
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Wetting conditions :

D CDthitic Bt 3 /s
- board wetting amount moisture of hoard (%)
i)\bODE‘éémmﬁﬁiT No. side of of water before after wetting
HlIEL. AHoRE X board (g/m? ) wetting Onin. 10min. 20min.
42 - O top 24 9 18 14 11
o - % bottom 29 10 20 17 15
. —a— top 23 9 18 14 10
(2) BHBHA v F RV -t % bottom 28 10 21 17 14
o 1= —o— top 15 10 16 13 11
DRI YTREBEER T @  potiom 16 10 17 14 11

DT TREICKkES
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Fig. 1 Warp in CD, wetting on one side of the board No. 1. 2, 6.
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Fig. 2 Warp in CD, wetting on top side of the board No. 3, 4, 5, 7, 8, 9.
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Fig. 3 Relations between warp at primary peak and equilibrium
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Table 2 Regression analysis of warp in Fig. 3
Y=AX+B
Here Y Warp at equilibrium (mm)
X Warp at primary peak (mm)
wetted side
top bottom
board
No. A B A B
® -0.5 -22 —-0.1 0
® -0. 4 ~17 0. 0 - 0
@ 1.5 -51 0. 2 ~-24
®@ -0.9 - 1 0.1 -20
® -0.3 -~ 9-11.1 49
® -0.1 -27 ~0.2 -268
® -0.9 — 8 1.0 -32
® -0.0 - 2 0.0 -1
® 1.2 ~-24 —0.0 -11
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Table 3 Bivariable regression analysis of warp

Z2=AX+BY+C
Z X Y Rz A B |A-Xm| [B:¥m| D
Wetted side
(bottom)
Warp at density Cobb 0.22 62.2 -0.02 51 4 .08
primary peak basis absorp
welght -tion 0.83 -0.28 0.03 73 6 .08
Taber
bottom
inner 0.73 -0.38 -0.01 17 2 .12
top
inner 0.85 =0.76 _-0.01 20 2 .10
Time reached density 0.48 -165.4 -0.08 136 15 .11
primary peak basis
welght 0.94 0.92 -0.07 240 13 .05
Taber
bottom
inner 0.96 1.10 -0.03 49 6 .12
top
ioner 0.86 1.6 =0.04 42 a8 19
Wetted side
(top)
Warp at density Cobb 0.80 310.9 -0.73 255 138 .54
primary peak basis absorp
weight -tion 0.88 -0.17 0.19 44 7 .16
Taber
bottom
inner 0.87 -0.10 0.17 4 6 1.50
top
innexr 0.88 -0.172 0.19 4 7 1.75
Time reached density 0.75 ~5.8 0.21 5 40 3.00
primary peak basis
weight 0.43 0.1 -0.25 26 9 .35
Taber
bottom
inner 0.36 -0.1 -0.29 4 11 2.75
top
inner 0.41 -0,27 -0.27 7 10 1.43

Rzu H
Xm and Ym!

D=8 ‘¥m [/|A Xp|:effecting degree of Y on %

multiple correlation coefficient

middle: values of max.

and min.

shown on Table 1 except No.3 and 9:

density 0.82
basis weight 261
taber stiffness

bottom inner 44.9

top 'inner 26.1
cobb absorption

bottom side 189

top side 37

—42—
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Fig. 8 Regression curve of warp (mm) at primary peak,
when bottom side is wetted.
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Fig. 9 Regression curve of time (sec.) reached primary
peak, when bottom side is wetted.
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