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THE INSTITUTE OF PAPER CHEMISTRY

Appleton, Wisconsin

EVALUATION OF THE IMPROVED LINERBOARD
CRACKING TESTER USING 69-POUND LINERS

SUMMARY

Two previous reports have discussed the development of a tester for

evaluating the score cracking potential of linerboard. Essentially, the test con-

sists of folding the board over an anvil of known radius to induce tensile strains

on the outside surface. The angle at which cracking is observed is measured. In

the previous report a number of 90-pound liner samples were evaluated for their

cracking angle and for their degree of cracking when used as the double-face

liner of A-flute combined board. In general, it was noted that: a) the linerboard

cracking tests appeared to be reasonably well related to the degree of combined

board cracking, and b) useful relationships between the degree of combined board

cracking and relative humidity were obtained.

The above work has been extended to a series of 69-pound liner samples

in this report with essentially the same results although slightly different

regression lines of the probability type were required for the two grades.

If work in progress involving h2-pound liners also gives encouraging

results it is suggested that plans be made to:

1. Produce a number of working models of the tester for mill trial.

2. Continue investigations into the variables of the tester and the

nature and magnitude of the strains induced in the folding opera-

tion of combined board.

5. To investigate the fiber and sheet characteristics which influence

the foldability of linerboard.
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INTRODUC;TION
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,he rgeof crackbrg wq-i anrcressed b'si Lu wct --ng tek zad ecofon

etc o heat) or hw'rid~ty to canag-.h~ chara-' eristics. -e Ae 'aancd

W ft" 4 6 9-pounid lIner samples area trieftv £ -AI- , thas repo-t~
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MATERIALS

The physical characteristics of the 69-pound liner samples used are

tabulated in Table I.

Sample
No.

2415
2419
2422
2426

2446
2459
2463
2489

TABLE I

PHYSICAL CHARACTERISTICS OF 69-POUND LINER SAMPLES

Basis
Weight, Caliper, Tensile, lb./in. Stre
lb./M ft. pt. In Cross In

70.4 20.0 114.2 55.3 1.5
69.3 20.0 130.6 55.6 1.8
69.4 19.6 113.1 55.6 1.3
72.4 19.9 126.4 62.2 1.9

73.7 20.2 116.2 60.9 1.7
69.5 21.8 118.0 55.2 1.8
69.6 22.5 124.7 58.6 1.8
73.0 20.9 130.0 59.0 1.6

tch, %
Cross

3.5
4.8
2.0
3.3

35.53
3.8
4.3
3.0

All of the above samples were fabricated into double-faced board and

evaluated for cracking at 10, 20, 50, 40, and 50% R.H. In addition, portions

of each sample were treated as follows prior to the double-facing operation:

1. At least 72 hours exposure to 90% R.H. and 753F. followed by

preconditioning at less than 35% R.H. and conditioning at 50%

and 735F. prior to fabrication or evaluation.

2. At least 36 hours exposure at 1250C. followed by preconditioning

and conditioning as noted in (1) above.

DOUBLE-FACING AND SCORING

Double-faced board was made by hand gluing sheets of the linerboard

to a single-faced board corrugated on the Institute's experimental corrugator.

- w
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With the exception that a 90-pound liner was used as the single-face liner, the

same conditions were used as specified in Report One.

FOLDING

As in the previous work, five sheets of board with 5-11 inch long panel

scores per sheet were evaluated for cracking for each sample in each atmosphere.

Thus, each percentage cracking value is based on an examination of 165 inches of

scoreline. The folded board was taped together to standardize the viewing and

handling conditions and the cumulative length of severe cracks was measured-a.

minimum length of 0.10 inch was used corresponding to a minimum percentage cracking

of about 0.1%.

To increase crack visibility, a spray coating of flat black paint was

used as described in the previous study. The length and occurrence of severe

cracks was judged in comparison with a reference scoreline.

LINERBOARD FOLDABILITY TEST

Ten specimens of each linerboard sample were evaluated at each humidity

level with the fold line at right angles to the machine direction. As in the

case of the combined board samples, a spray coating of flat black paint was used

to increase crack visibility. The rupture angle associated with the first

appearances of a crack in the liner surface was measured. Efforts were also

made to measure the angle associated with a more severe degree of cracking;

however, these readings would have been in excess of the maximum angle permitted

by the tester in the higher humidities. Therefore, the severe cracking criterion

was discontinued; however, it may be tried in future work in an effort to improve

and. simplify the routine evaluation of linerboard.
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DISCUSSION OF RESULTS

A tabulation of the combined board and linerboard cracking results may

be found in Table II. As in the previous study both the combined board and liner-

board tests exhibit the expected trends with folding humidity and fabrication

treatment. For example, with increasing folding humidity, the degree of combined

board cracking decreases and the linerboard cracking angle increases. Similarly,

the samples heated at 125°C. prior to fabrication into combined board tended to

exhibit increased combined board cracking and smaller linerboard cracking angles

relative to the untreated samples.

RELATIONSHIP BETWEEN COMBINED BOARD CRACKING
AND LINERBOARD CRACKING

In the previous report it was found that probability or exponential

equations appeared to'best fit the relationship between combined board cracking

and the liner cracking angle. With this in mind, the combined board cracking

data in per cent were transformed to standard deviation units (Y). The trans-

formed values are tabulated in Appendix I. (Note: All 0% combined board cracking

results were excluded from the analysis because they cannot be transformed into

logarithms or standard deviation units.)

A comparison of linear, exponential, and probability-type correlations

may be found in Table III for the 69-pound liner data. As may be noted in the

table, the probability-type regression exhibited the best correlation with com-

bined board cracking. A graph of the results in arithmetic probability type

co-ordinates is shown in Fig. 1. As may be noted in Fig. 1, the over-all regres-

sion line for the 69-pound liner data is slightly displaced from the regression
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line for 90-pound liners and exhibits a slightly greater slope. These differences

in slope and intercept between the 69 and 90-pound grades may reflect differences

in caliper and, probably, shear characteristics. When data for 42-pound double-

face liners (testing in progress) are available, it should be possible to clarify

this.

TABLE III

CORRELATIONS OF COMBINED BOARD CRACKING
AND THE LINER CRACKING ANGLE

(Composite 69-pound liner results--N = 102)

Equation Type of Regression Correlation
No. Equation Equation Coefficient

1. Linear p = 219.1 - 3.335 0.85

2. Exponential Log p = 7.192 - 0.0llOx 0.91

3. Exponential Log p = 4.038 - 0.000, 956x2 0.91

4. Probability Y = 8.15 - 0.160x 0.95

Notes p = combined board cracking,

y = combined board cracking, transformed to standard deviation units.

x = liner cracking angle, 0.

The probability-type regressions were also performed using the data

at each humidity level. These regressions are shown in Table IV. As may be

noted, the correlations at each relative humidity level were reasonably high.

They tended to be, however, somewhat lower than were obtained with 90-pound

liners. This is probably due to the fact that lesser amounts of cracking tended

to be obtained with the 69-pound liners in comparable conditions. This was par-

ticularly true at 40 and 50% P.H. where a number of combined board samples ex-

hibited little or no severe cracking. It would be expected that estimates of

minor amounts of cracking would be subject to considerable uncertainty.
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TABLE IV

CORRELATION OF COMBINED BOARD CRACKING
AND THE LINERBOARD CRACKING TEST

Page 9
Report Three

Data
Subdivision

Over-all
10% R.H.
20% R.H.
30% R.H.
40% R.H.
50% R.H.

Over-all
10% R.H.
20% R.H.
30% R.H.
40% R.H.
50% R.H.

N Regression Equation

69-Pound Liners

102 Y = 8.15 - 0.160x
24 Y = 8.89 - 0.172x
24 Y = 10.47 - 0.201x
24 Y = 6.70 -'0.13 8x
18 Y = 6.54 - 0.140x
12 Y = 3.97 - 0.094x

a
90-Pound Liners

70 Y = 7.68 - 0.141x
14 Y = 10.03 - 0.192x
14 Y = 9.71 - 0.175x
14 Y = 6.14 - 0.lllx
14 Y = 6.37 - 0.125x
14 Y = 4.99 - 0.104x

Correlation
Coefficient

0.93
0.82
0.83
0.90
0.81
0.71

0.94
0.86
0.94
0.92
o.86
0.91

combined board cracking transformed to standard

liner cracking angle,0 .

deviation units.

To illustrate in another way the degree of relationship between the

liner cracking angle and combined board cracking the over-all regression equa-

tions for the 69 and 90-pound liners [Equations (1) and (7)-in Table IV] were

used to compute percentage combined board cracking values. The calculated and

observed values are compared in Tables V and VI for the 69 and 90-pound data,

respectively. In general, while large discrepancies occur, reasonable agreement

is attained in most instances-particularly with respect to sample ranking and

humidity effects.

In brief summary, on the basis of these results, it appears that

1. The linerboard cracking test is reasonably well related to

combined board cracking when either 69 or 90-pound liners are

used as the double-face liner.

Equation
No.

1
2

3
4
5
6

7
8
9

10
11
12

j~~~~~~~ 
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2. The relationship between the two quantities-combined board

cracking and liner cracking angle-is best fitted by

probability-type equations. At this time it appears that

slightly different regression constants are required for

the two grades.

EFFECT OF HUMIDITY ON COMBINED BOARD CRACKING

In the previous report it was shown that with 90-pound liners the re-

lationship between the degree of combined board cracking and relative humidity

was approximately linear when plotted using arithmetic probability co-ordinates.

Similar graphs were prepared for the 69-pound samples of this study as shown in

Fig. 2 through 7. Referring to the figures, it may be noted that essentially

linear relationships were obtained for all the samples.

As in the previous report the transformed combined board cracking

values (Y) were correlated with relative humidity as shown in Table VII. In

general, the slopes were roughly equal for all samples although Sample 2463

exhibited relatively high slopes for the relaxed and heated samples. It may be

recalled that the 90-pound Sample 2464 laminated from two 42-pound plies ex-

hibited a greater slope than the remaining samples. As a matter of interest,

Sample 2463 was manufactured by the same mill.

A covariance analysis was carried out for a number of the samples to

determine if the differences in slope were significant. In all cases examined,

the slopes were not significantly different in view of the scatter of the data

and the small number of points for each line. A similar analysis was carried

out to test the differences in slope between samples with the same result. Thus,

there is considerable justification for using an average slope for all the data.



Technical Committee
Fourdrinier Kraft Board Institute, Inc.
Project 1108-29

99.9
99.8

99.5

99

90

0

in

z0Q

C)

8C

7C

6C

5C

4C

30

20

I0

5

2

0.2

0.1

0.01

+3.C

+2.0

+1.0

V)
UJ

._
> 0

0
LU

r
0
Li
(£

h-

0

-2.0

- -3.0

0

Page 13
Report Three

2426

o No treatment
x Relaxed
* Heated

A 2446

o No treatment
A Relaxed
* Heated

01

\\ \
\\o

\\
\\
x\

\x \0

I I I I I I
20 40

RELATIVE HUMIDITY,

Fig. 2. Effect of Relative Humidity on Combined Board Cracking
for Samples 2426 and 2446

O .r -

60

I

i

I �

I

I -

I -

I -

P

I

I-

m

98

95

I

m
l

l



Page 14
Report Three

Technical Committee
Fourdrinier Kraft Board Institute, Inc.

Project 1108-29

+3.0 - 2419

o No treatment
x Relaxed

* Heated

2489

o No treatment
A Relaxed

& Heated\k

0

A

\

20

RELATIVE

40

HUMIDITY, %

60

Fig. 5. Effect of Relative Humidity on Combined Board Cracking
for Samples 2419 and 2489

99.9

99.8

99.5

99

98

95

90

+1.0 A
0

&(/,
-

-J
-45 0

ci

0zCa0
CD

La2
Z

0
U

80

70

60

50

40

30

20

10

5

a
w

0

Cd,
2
C4
cc

0

-2.0

-3.0

2

0.2

0.1

0.01
0

- - --

SI

M

+2.0

_

l

l

I l

q

l



Technical Committee

Fourdrinier Kraft
Project 1108-29

9 9 . 9

99.8

99.5-

9V

98

95

9C

z
2-U4<
a

cr
0
o

0mZ

L)

8C

7C

6C

5C

4C

3C

20

10

5

2

0.2

0.1

0.01

ll

I

I-

vaw

n-J

a
O0
LL
U)
z

(r

Board Institute, Inc.

+3.(

+I.C

3

I

0

.0

1.0

-2.0

-3.0

Page 15
Report Three

2422

o No treatment
x Relaxed
* Heated

x
0

I I I I I_ I
20 40 60

RELATIVE HUMIDITY, %

Fig. 4. Effect of Relative Humidity on Combined Board Cracking
for Sample 2422

I

1

(
I

}

1

I

I

+2.(

B

l



'~': , ,- " -%- r.1-~~tr~~:-:~ :sC 4 'nn - . ' 

Page 16
Report Three

99.9

99.8

99.5

99

981--

951-

901--

z

IC
C-)

Cr

0

CO

z

0
U

Sol.-

Technical Committee
Fourdrinier K~raft Board Institute1 Inc.

Project 1108-29

+ 3.0 a

+2.1--

+ 1.01-

701-

60

50

40

301-

201-

'01-

5

2

0.2

0.I

C/)

-J
4

La.

Ofl

z
4f

2413

o No treatment
x Relaxed
* Heated

6

01-

-1.0

-2.01--

K

-3.0[-

L
0 20 6040

RELATIVE HUMIDITY, 0/

Fig. 5. Effect of Relative Humidity on Combined Board Cracking
for Sample 2413

o.oiL



Technical Committee
Fourdrinier Kraft Board Institute, Inc.
Project 1108-29

ii

99.1

99.(

99.!

9!

9!

9(

z
0

cr
0

m
w
Z

r
0
U

8C

7(

6C

5C

4C

30

20

IC

5

2

0.2
0.1

0.01

8

5

)

S

) 

I)

I)

+3.(

+2.C

+I.C

V,wU
-I

§

a

0
U.
n,
2
Z

I-

C

-I .0

-2.0

-3.0

)

)

0

Page 17
Report Three

2459

o No treatment
x Relaxed
* Heated

x

20 40 60

RELATIVE HUMIDITY, %

Effect of Relative Humidity on Combined Board Cracking
for Sample 2459

Fig. 6.

9E

b



Page 18
Report Three

99.9
99.8

99.5

99

981-

955-

901-

z

C-d

Cr
a:
0

L.J
z

0
'-I

801--

T01-

60

50

40

30~

20

.'I

a'
Iw

4J
4

-a

-Ct)
z

I'-
'VI--

2 

0.2 

0.1 

0.01 

Technical Committee
Fourdrinier Kraft Board Institute, Inc.

Project 1108-29

t3.0r-

+2.01-- 2463

o No treatment
x Relaxed
* Heated-

+I.01-

0

-I.0

-2.05-

x

-3.011--

0 20 40 60

RELATIVE HUMIDITY, 0/

Fig. 7. Effect of' Relative Humidity on Combined Board Cracking
for Sample 2465



&
 

01CR
. 

1

I 
, bD El9 

41~

00CK 
-N

U
) 

0
W

\C
'j

C
/) 

00 
0

I 
I 

I

O
3C

M
U

0co
N

 
U

\ 
c
o
O

K
'\ C

C
) 

N
, v 

~
 

C
C

) OD 
O

H
H

 ; 
6 

6 
1 

000 
nIC

M

t-- (D
 (D

H-tH:- 
-

O
O

H
 r

IH
-O

C
M

H4 
H

 
C

U

, C
O

 
w

'
C

f'f 
C

M
(

wH
H

 -tco 
H

-it
L- 

O
H

 
H

C
M

rI(\ 

r4r4H
C

M
 

n
H

 
C

4

C
,-'
C

Z-I 
N

-\ 
N

r
\ 

4
,-K

.,tr>
 

~ U
~

r~
r 

4-N
-t trN

 
U

N
 

~
-J

 
_tW

\W
\ 

44 
K

>C
C

-4- 
U

~
 

-Lr\~ 

H

-1 Id 
I- 

rd 
-H

'd 
H

 
'd 

Idr 
rqr

O
Q

t 
O

'dO
 

t 
O

 
O

 
rt 

Id 
O

 
d 

0 C
) 

t
4C

 
4 CHd 

4C
H

~ 
~

 
F

~4~ 
4C

 
4k'J4 

4 
J 

3O
4

Q
 

C
 

H
c
d

 
r
i 

d 
a~C

H
 

i 
J_ 

C
H

i 
C

H
 

C
-H

 
C

0 
ID

 
C

C
C

e a 
0 

w
C

 
C

 
C

 q 
C

U
) 

0
0
0
) W

 
0 

0
0

a
) 

C
C

C
Q

) 
or 

o~Q
M

= 
4r~C

)P 
o~

z 
az 

o-) 
oz~

 
~i 

)P 
W

I 
C

- 

H
~

 
C

M
'- 

4-t
0 )j 

C

M
n0

C
M

C
M

M
n

4-t
_:.
C

M
j

4-t 
-4-

C
M

 
C

 M
j

4.Z
C

M

H
 U 

C
M

j
N

-C
 clH

CC) ON t-
0
O

0
0

0006(
I 

.
.

U
N

 
C

F\ 
O

o
 

H
- N

v
Q

O
O

(D
I

H
H

O
i 

0
0
0
; 

C
II 

I

0 
V

U
. cM

r'T
h 

C> 
(

CO 
H

~
 t-

I 
I 

I

C
M

j(D
coC

I 
I 

C
)

H

0

HH
-

LC
\N

~ lH
C

P 
>

\0
0

CC) 
4 

n
O

 
rn

I -

000 
C

I 
I 

I
I 

I 
I

tC
\--t 

0
W

 
C

M
 

0a 
o

C
c
1

O
HO

4 
0

0
0

; 
I 

I 

O
 X

o
co00
0 

0
C

I 
I

I--I

C
~

H4-)

4I-H

C
d

a.) p-A;~Cj
C

O
 

I-'
901O

D

C

dH

3dH
p

 I

H
 

.

U
)

HC
)

P
SH0H9
r

H-trC
Q

mC
d

r0'0 

rC
cd

Hdf

O
R

b

a)
4-'C

O

00
00



o X * -" - .. .--.. 4 -*

Technical Committee
Page 20 Fourdrinier Kraft Board Insitute, Inc.
Report Three Project 1108-29

Two estimates for an "average" slope are provided in Table VII. The

first is based on a regression equation obtained from the array of 102 data

points and is equal to -0.0804. The second is a "pooled" value derived from the

covariance analysis using IBM program 6.0.032 and may give a slightly better fit

to the data. However, for most samples it will make little difference which line

is used as is illustrated in Fig. 8.

The over-all regression line for the 90-pound samples is also shown in

Fig. 8. In general, the vertical distance between the regression lines for the

90 and 69-pound samples represents the average difference in degree of cracking

for the two liner grades for the materials used in these studies. These dif-

ferences would be as follows using the covariance estimate of the 69-pound re-

gression line.

Per Cent Cracking
69-pound 90-pound

10% R.H. 66 91

20% R.H. 33 69

50% R.H. 10 55

40% R.H. 1.6 10

50% R.H. 0.13 1.6

It also may be remarked that the difference in slope between the 90

and 69-pound grades was relatively small. For many purposes, the difference

could be ignored and a graph such as in Fig. 9, Report 2, could be used to

estimate cracking at various humidities if the cracking at one humidity level

can be estimated, e.g., by making liner cracking tests at one humidity level.
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