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A STUDY OF PAPER BOARD QUALITY AS RELATED TO FIBER BOX PERFORMANCE

Sprcial Stupies 2. INFLUENCE oF LiNER WEIGHT, MEDIUM STIFFNESS,
AND OTHER RELATED Factors oN THE PERFORMANCE OF
ComuINED Boarp Axp BoxEes

- This report presents -the results -of a-fabrication- run - range of liners was fabricated with five mediums which-

which was- designed to provide information on several
topies of wide interest to the container board industry,
namely, (1} the relationship between box performance and
the G. E. puncture test on combined board and compon-

ents and the relationship between the G. E. puncturo test,

on components and combined board and conventional
tests on these same materials and (2} the relationship of
liner weight and corrugatmg medium stiffness to box
eolnpression.,

The scope of the fabrication run was broad. It encom-
passed liners ranging in weight from 26 to 90 lb. and
corrugating mediums varying in stiffness (as measured by
combined board flat crush) from 14.5 to 69.9 p.s.i. The
entire range of liner weights was fabricated with each of
the corrugating mediums. In addition, runs were made to
study the effects of unbalanced liners, type and amount of
adhesive, flute type, and liner density. A total of 38
different combinations of liners and mediums was fabri-
cated. The combined hoard of each of the run combina-
tions was converted into an R.S.C. taped box with the
following inside dimensions: 12-3/16 by 12-3/16 by
12-3/8 inches, using starch as the adhesive. The corrugat-
ing and converting operations were carried out under
carefully controlled but normal operating conditions.

Samples of the component materials, combined board
and boxes ‘were taken from each run combination. All
samples were preconditioned at not higher than 35%, R.H.
and 73 + 3.5° F. prior to being conditioned and tested in an
atmosphere maintained at 50+ 29, R.H. and 734 3.5° I'.

The component materials were tested for hasis weight,
caliper, bursting strength, ring compression, tensile,
stretch, G, E. puneture (liners only), Concora medium
test (mediums only), and Single-fluter test (mediums
only). The combined board samples were tested for hasis
weight, caliper, bursting strength, G. E. puncture, G. I.
stiffiness, flat erush, and pin adhesion. The box samples
were tested for top- and end-load compression.

The data ohtained have been analyzed statistically to
provide an interpretation of the intimacy of the relation-
ships between the G. E. puncture test and conventional
tests on components, combined board, and bhoxes.

Tue Errect or LiNer WEIGHT

To evaluate the effect of liner weight, balanced com-
bined boards were fabricated with 26-1b., 42-1h., 52-1b.,
69-1b., and 90-Ib. W.F. Fourdrinicr kraft liners. The entire

- ' . " TSUMMARY

varied in stiffness (as measured by combined board flat
crush) from 14.5 to 69.9 p.s.i., thus providing the op-
portunity to determine the effect of liner weight at each
stiffness level. _

At each medium stiffness level, an increase in liner
weight produeed an increase in top- and end-load box
compression results.

The following combined board tests increased as liner
weight increased: basis weight, caliper, bursting strength,
G. E. puncture, and G. E. stiffness.

The Errect oF CORRUGATING MEDIUM STIFFNESS

The effect of corrugating medium stiffuess was observed
by fabricating each liner weight with five mediums varying
in stiffuess (as measured by combined board flat crush)
from 14.5 to 69.9 p.s.i. The mediums were combined with
five weights of liners: 26-1b., 42-1b., 52-1b., 69-1b. and 90-1b.

At each liner weight level, an increase in corrugating
medium stiffness was accompanied by an increase in top-
and end-load box compression.

The combined board results indicate that varying the
medium stiffness had litile effect on most of the tests
except where the change in flat crush was also associated
with a change in the basis weight and caliper of the cor-
rugating medium, Fxceptions to this observation were the
G. E. puncture and G. E. stiffness tests, both of which
increased as medium stiffness increased.

Tur Errecr oF LINKR DENSITY

The densitics of three 42-1b. kraft liners were varied by
finishing them with light, medium, and heavy calendering
to determine its effect on combined board and box prop-
erties. The liners thus finished varied in density from 36.4
to 40.8 Ib. per cu. ft. Each liner was combined with three
corrugating mediums of the following average combined
board flat erush characteristics: 10.3, 28.4, and 69.9 p.s.i.

The box compression results show that liner density had
little effect ot their magnitude. -
" Of the various combined board tests, only bursting
strength and . F. stiffuess were affected, both tests
showing increases with inereasing liner density.

Ture Errect or Posirion oF LiNgrs OF DIFFERENT
WEIGHTS

Run Combinations 104 and 105 were made with un-
halanced liner weights of 38 and 47-1b. Run Combination
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104 had a 38-Ib. single-face liner and 47-1h. double-face
lier and the order was reversed for Run Combination 105,
Both combinations were fa,brl(,a,ted with the same cor-
rugating medium. T Tt T -

The top- and end-load box compression results show
that with the lower weight liner on the inside, the boxes
sustained a slightly higher end-load compression. However,
when the position was reversed (lower weight on the out-
side), the boxes sustained a_higher top-load compression.
The differences in eompression strength were not large
cnough to advocate one form of construction in prcferemc
to the other. - - - -

Reversing the liner positions had no effect on t.hc com-
bined hoard results.

Tue Errect oF THE TyPE oF FLUTE (A venrsus B)

Runs 83, 106, 107, and 108 were fahricated with similar
42-1b. liners and 26-1b. semichemical corrugating mediums,
the only intentional variables being the adhesive and the
flute. Runs 85 and 106 were A-flute board fabricated with
starch and silieate adhesive, respectively; runs 107 and
108 were B-flute board fabricated with starch and silicate
adhesive, respectively.

The top-load compression values for the A-flute hoxes
~were higher than those for the B-flute boxes for both
starch and silicate adhesive, However, the eud-load box
compression results for the B-flute boxes were slightly
higher than those for the A-flute boxes.

The combined board results indicate that basis weights
were nearly the same {or the A-flute and B-flute boards;
B-flute caliper was naturally lower; A-flute boards had
slightly higher G. E. puncture values but slightly lower
bursting strength values than the B-flute boards. Also
G. E. stiffness values for the A-flute board were con-
siderably higher. As would he expected, the B-flute flat
crush results were higher,

Tue ErFFecT oF THE TyeE oF ADHESIVE
(Starch versus Silicate)

Runs 85, 106, 107, and 108 were fahricated from similar
42-1b. kraft liners and 26-1b, semichemical corrugating
medium, the only intentional variables being the flute and
the adhesive, a situation which provided an opportunity
to study not only the effect of flute construction, A versus
B, both combined with the same adhesive (as discussed
above), but also the effect of the adhesive itself on A~ and
B-flute boards.

The results show that A-flute and B-flute boxes fabri-
sated with silicate adhesive exhibited higher top- and
end-load box compression results than those -fabricated
with starch adhesive. The A- and B-flute end-load com-
pression values were approximately the same for starch
and silicate adhesives.

With regard to the combined board tests, it was ob-
served that the basis weight results were slightly higher for
the A- and B-flute boards fabricated with silicate adhesive.
The other tests—ealiper, bursting strangth, G. E. punc-
ture; G. I stiffness, flat crush, and normal adhesion—did
not appear to be affocted by the type of adhesive.
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THE ErFEcT OF THE AMOUNT OF ADHESIVE

Run Combinations 85, 86, and 87 were {abricated with
the same 42-1b. kraft liners and a standard 26-Ib. semi-

" chemical corrugating medium into A-flite board, the only

variable being the amount of starch adhesive applied
which was varied by changing the clearance hetween the
adhesive pickup and wiper rolls. Run Combination 86 was
fabricated with a “light”” adhesive application (0.008-inch
clearance); Run -Combination 85 with a ‘“‘regulm” ad-
hesive application (0.012-inch eclearance); and Run Com-
bination 87 with a ‘“heavy’ adbesive application (0.015-
inch clearance). - - - -

The results indicate that for “regular” and “heavy”
applications of adhesive, the top-load box compression
test results were higher than for the “light” application.
However, the end-load box compression test results were
approximately the same for the “regular™ adhesive appli-
cation and the ‘“light’’ adhesive application, and somewhat
lower for the “heavy” application than for the “light”
application. The so-called “regular” application of ad-
hesive appeared to yield the best top- and end-load box
compression,

Of the combined hoard tests, the following increased as
the amount of -adhesive increased: basis weight, bursting
strength, G. 1. puncture, G. E. stiffness, and normal
adhesion. Caliper and flat c¢rush remained relatively un-
changed.

STATISTICAL. ANALYSIS OF Data

The statistical analysis of the data was undertaken to
illuminate the relationship between (1) the G. E. puncture
test and conventional tests on components ahd comhined
board and (2) box compression and the G. E. puncture
test on combined hoard. .

To determine these relationships, the data have been
divided into two groups. In one group, there are 16
different samples involving liners within the narrow range
of 38 to 47 Ib. In the other group there are 36 different
samples covering the hroad range of 26 to 90 1b.

The combined board tests for both populations werc
ifitercorrelated and it was noted that the most precise
relationship involved the G. E, puncture and G. 0. stilfness
tests.

The correlation coefficients for the relationship of four
combined board tests—bursting strength, G. E. puncture,
G. L. stiffness, and flat crush—to top-lead and end-load
hox compression indieate that the relationship between
G. E. puncture and bBox compression is substantially better
than that between bursting strength and box compression.

"The corrclation coefficients for the relationships of vari-
ous liner and corrugating medium tests to combined board
and box tests (16 samples) show (1) that none of the liner
tests correlate well with the combined hoard tests, (2) that
none of the corrugating medium tests corrclate well with
combined hoard bursting strength but all seem to correlate
fairly well with-the G. E. puncture and G. E. stiffness tests
on combined board, (3) that the liner tests do not correlate
as well as the corrugating medium tests with box compres-

sion. These observations can he explained by the fact that
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the range of liner properties was narrower than the range
of corrugating medium properties for the 16-sample popu-
lation.

When the population is expanded to 36.samples (cover-
ing a much broader range of liner properties than the 16
samples), the relationships change considerably. All the
liner tests correlate well with eombined board bursting
strength followed in order by G. E. puncture and G. E.
stifiness. The corrugating medium tests do not correlate

" “Well"Wwith any of the ¢ombined board tests.”Of the liner-

tests, bursting strength and cross-machine direction liner
ring. compression exhibit the best correlation coefficients
for both top-load and end-load box compression followed
very closely by cross-machine direction tensile. None of
the corrugating medium tests correlate well with either
combined board or box tests.
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Multiple correlations—i.e., relating several tests to
another—were carried out to investigate the possibility of
relating various liner and corrugating medium tests to the

--G. E. puncture test of the corresponding combined-board.

Fair correlations were obtained in the case of the 36-sample
population by relating, for example, liner ring compression
(in) and corrugating medium ring compression (in) [or
Single-fluter or Concora in place of corrugating medium
ring compression (in)] to combined board G. E. puncture.
A fair correlation was also obtained by relating liner tensile
(across) and corrugating medium tensile (across) to com-

" bined board G. F. puncture. These eoefficients indicate that-
‘we do not have currently a lest or tests for the components

which will adequately predict the Gi. E. puncture of the
combined board.
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. L INTRODUCTION

The objective of the fabrication run which is the subject
of this report was to develop information on several topics
of wide interest to the container board industry. One of
these topics concerned the G. E. puncture test. Specif-
ically; this study was designed to illuminate the relationship
between the (i. E. puncture test and conventional tests
oni comporent and combined board materials. In addition,
it was desired to investigate the relationship between box
performance and the G. E. puncture test on combined
board. Another matter of great interest embraced by this
fabrication run was a problem of long standing: Given
liners of various weights and corrugating mediums of vari-

" ous stiffnesses, how should the converter combine them

for maximum economy at a given performance level?
Apart from these two objectives was another of consider-
able importance. Materials were needed to carry forward
incipient studies such as printability and casc sealing,

Surveying the objectives mentioned above, those re-
sponsible for the designing of the falwication run were
immediately aware of one fact: its scope must be broad
cnough to cover the entirc range of material combinations
currently being manufactured. This idea was implemented
by the decision to fabricate corrugating mediums at five
flat-crush levels (20, 30, 35, 40, and 50 p.s.i.) with Tour-
drinjer kraft liners at tive weight levels {26, 42, 52, 69, and
90-1b.) into A-flute board and boxes (RSC size 12 by 12 by
12} using starch adhesive. Thus, it would be possible to
determine the effect of varying medium stiffness at a given
liner weight and, conversely, the cffect of varying liner
weight at a given medium stiffness. Several additional
combinations were proposed for the purpose of studying
the influence of flute, type and amount of adhesive, and
balanced versus unbalanced liner weights. In addition, it
was agreed that an effort should be made to vary the
linerboard density at a given weight level in order to study
its effect on strength properties. This selection of materials,
flutes, and adhesives provided the base needed for & com-
prehensive study of the original objectives.

One of the original objectives of this fabrication run, as
was mentioned earlier, was to develop information regard-
ing the relationship between the G. E. puncture test and
conventional tests on component and combined board
materials. Previous work has indicated that the G. E,
puncture test correlates better with box performance than

any other single combined board or component test. When
a test shows promise as a measure of quality, it is logical to
inquire further about it; for although the merits of the
G. E. puncture test have heen fairly well demonstrated,
it"has been the opinion of some investigators that too litile
is known about the factors which influence the test to

_.advocate its indiscriminate use. To provide a firm foun- .

dulion of information, it was considered necessary, first, to
collect comprehensive data relating other established prop-
erties to the G. E. puncture test and, second, to investi-
gate the influence of factors associated with fabrication and
construction, The scope of this study, which has been
discussed previously, was purposcly broadened to provide
as reliable information as possible about these factors,

This broadened scope also provided an excellent op-
portunity to study further the relationship between box
performance and the strength properties of the combined
board and component materials. The importance of such u
study of corrugated board is apparent when it is realized
that corrugated board is a structure whose main elements
are the single-face liner, corrugating medium, and double-
face liner, The proper distribution of strength among these
three elements to obtain a corrugated board of the most
desirable characteristics is a complicated problem; but
from the viewpoints of economy and performance, it
merits more than cursory attention. The question may
well be asked: At what level of liner weight and medium
stiffness will the greatest economy of materiuls be obtained
for a given level of box performance? The economic im-
portance of knowledge of this type to the manufacturers
of paperboard is readily apparent.

Briefly summarized, the objectives of this fabrication
run were threefold: (1) To determine the effect on com-
bined board and box performance of varying medium
stiffness at a given liner weight and, eonversely, the effect
of varying liner weight at o given medium stiffness; (2) to
illuminate the relationship between the G. F. puncture
test and conventional tests on component and combined
board materials and also the relationship between box
performance and the G. E. puncture test on combined
board; and (3) to provide materials needed for carrying
forward studies in various other phases of the Fourdrinier
Kraft Board Institute’s long range research program.




.- . - . " MATERIALS USED FOR F ABRICATION _

Liners aAND ConrrucaTiNG MEbIUMS

The study as outlined (see Figure i) called for ¥our-
drinier kraft liners over a wide range of basis weights,
_ namely: 26, 38, 42, 47, 52, (9 and 90 pounds. In order to
maintain the nmnufucturmg variables at 4 minimum, it~
was decided that the liners should be manufaétured by one
mill. This would permit the production of liners of different . .
grade weights on the same machine and from the same
general stock and, where desived, liners of varying density .
within a given grade weight. This was desirable in line witl:
the objectives of the fabrication run. 1t may be noted in
Table I that the liners were all produced at the Springhill
mill of the International Paper Company.’

As outlined (sce Figure 1) the program involved the
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considerable searching, three rolls of bogus eorrugating
medium were located which exhibited extremely low flat
crush characteristics and were, therefore, selected as the
low flat crush medium. All the other mediums were semi-

‘ehemical mediums. Beeause of the-inability to-find-n com-

mereial medium exhibiting o flat crush of 50 p.s.i., it was
decided that, rather than make a speeial run of heavy

weight medium, two rolls of the 35 p.s.i. medium would be -

laminated for the high flat crush. The exact ledels of the

high- and low flat crush mediums were not of primary
importance as long as they provided a sufficient range of
flat crush. The average flat crush levels obtained for the
vartous mediums used in the fabrication are given in Table
I, together with the name of the supplier.

: TABLE [ )
MATERIALS USED FOR FABRICATION '

Number
Grade Manufacturer of Rolls
Liners
26-1b. WF International 1’1iper Compuny, &
Springhill, Louisians
42-1b. WF (Light calendering) International Paper Company, 2
Springhill, Louisiana
42-lb. WF (Medium calendering) International Paper Company, 6
Springhill, Louisiana
42-Ib, WF {teavy calendering) International Paper Compuny, 2 ,
Bpringhill, Louisiann
ub-lb, WF International Paper Company, . 10
Springhill, Loutsiana
38-1h. WF International Paper Company, 2
Springhill, ]ljoulsmnu
52-1h, WF International Paper Company, 3
Springhill, lpoumw.nu.
47-lb. WF International Paper Company, 2
Springhill, Louisiana
63-1h. \WF International Paper Company, 4
Springhill, Louisiang
' . Corrugaling Mediuins .
Flat Crush Level, p.u.i. -
Desired Actual Weight, Number
Average Avernge Type Ib. Manufacturer of Rolls
20 L5 Bogus 26 Densen-Banner* 3
30 27.8 Semichemical 26 West Va, Pulp and Paper Cn 3
35 294 Semichemieal 26 International Paper Compuny 2
40 30.5 Semichemical 33 Gaylord Container Corp. 2
a0 60.9+* Semichemical 2-26 International Paper Compuany 4

et

*Manufreturer is unknown; rolls were obtained from Densen-Banner who are converters.

**Two rolls of the 35 p.si. flat crush medium were laminated when the fubrication run was made.

fabrication of five sets of different weight liners with each
of five different mediums. The stiffness, as measured by
flat crush, ranged from 20 to 50 p.s.i. with intermediate
levels of 30; 35, and 40 p.s.d. Because of the wide range of
flat crush desired, it was not possible to obtain the medium
from one given mill. Consequently, rolls of commercial
medium were obtained from selected producers, and it was
hoped they would exhibit the desired flat crush levels.
Considerable difficulty was experienced in obtaining a
medium with a flat erush in the range of 20 ps.i. After

-1

The fabrication schedule for the above materials is
presented in Table II.

ADHESIVE

The starch adhesive used for the fabrication of these
materials was o commercial grade of Bondeor C obtained
from Stein, ITall und Co., Ine. The silicate of soda ad-
hesive was also a commercial grade, 41° Bé., and was
obtained from Grasselli Chemicals Department, E. L
du Pont de Nemours and Co., Ine.




~ 2-26-1b. Sernichemicol 50

26-1b. Semichemical

Y Corrugating _Medium
Flat Grush

Type Level, p.s.i. Liner
26-1b. Bogus . . 20
26-Ib. Semichemical 20
26-b. Semichemical 35 26-1b.

33-b. Semichemical 40
2-26-1b. Semichemical 50

26-1b. Semichemical 35 N\, 42-1b. Light calendering
26-1b.Bogus - 20 - = Tt

26-1b. Boqus
26-1b. Semichemical
2-26-1b. Semichemical

™, 42-1b. Heavy calendering
—

2-26-1b. Semichemical
33-|b. Semichemical
26-1b. Semichemical
26-Ib. Semichemical
26 -Ib. Semichemicol
26-1b. Semichemical
26 -1b. Bogus

42 -\b. Medium calendering.

20
25
50
20
40
35
30
3
3
20
26-Ib. Bogus 20
26-1Ib. Semichemical 30
26-1b. Semichemica! 35
33 -lb. Semichemical 40Q
2-26-Ib. Semichemical 50
5
40
35
30
20
20
20
35
40
50
20
30

2-26-1b, Semichemical
33-lb. Semichemical
26-1b. Semichemical

26 -1b. Bogus

26 -1b. Bogus
26-1b, Semichemical

26 -1b. Semichemical
33 -1b. Semichemical
2-26-1b. Semichemical

>
>69-.b_
>

26-Ib. Semichemicol
26-1b. Semichemical

38-1b.S.Eand 47-1b.D.FE
47-1b. S.Fand 38-1b.D.F

26 -1b. Semichemical m;ﬂm_e_ﬂu_cgjg\
26 -Ib. Semichemical 30 B-Flute starch 42 -1b. Medium calendering
26 -1b. Semichemical 30 _B-Flute _silicate

Figure 1. Qutline of Fabrication Study
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TABLE 11
FARRICATION SCHEDULE
Corrugating Medium

Run Liners* . ) Flat Crush,
Combination Single-tuee tnd Double-face Type p.s.i. Flute Adhesive
71 2-ih. WF ., 26-1b. Bogus 20 A Starch
72 26-Ih. WF 26-1b. Semichemical 30 A Starch
73 26-lb, WF 26-1h. Semichemieal 35 A Starch
74 26-Ih, WI 3-Ib. Semichemical 10 A Starch
75 26-1b, WE . - 2-26-Ih. Semichemical (laminated) 50 A Btarch
76 42-1b. WF, light ealendering 2-2G-1b. Semichemical {laminated) 50 A Starch
7 42-1h. WF, light calendering 26-1b. Semichemical 35 A Starch
- T8 - --42-1b. WF| light calendering. - .- - 26-1b. Bogus -~ - —— - =20 - - A - Starch-- -~ --
79 42-lb. WF, heavy calendering 26-1b, Bogus 20 A Starch
80 42-1b. WF, heavy calendering 26-1b., Semichemiecal 35 A Starch
81 . ... 42-lb, WF, heavy calendering - 2-26-lb. Semichemical (laminated) "1 S . _ .. Starch . -
82 42-1b. WF, medium calendenng  2-26-1b. Semichemical (lnmmatul) 50 A Starch
83 42-lb, WF, medium calendering 33-lb, Semichemical - 40 A Starch -
81 42-1h. WF, medium calendering 26-lb. Semichemical 35 A Starch
85 42-lh, WF, medium calendening 26-1b. Bemichemical 30 A Starch
. Starch
86 42-lb, WF, medium calendering 26-1b. S8emichemical 30 A (light nppliﬁation)
' tarc
87 42-1h, WF, medium calendering 26-1b. Semichemical 30 A (heavy application)
88 42-1b. WF, medium ealendering 26-lb. Bogus 20 A Starch
89 52-lb. WF 26-1b, Bogus 20 A Starch
90, 52-h. WF 26-1b, Semichemical 30 A Starch
21 52-lh. WF . 26-Ib. Semichemieal 35 A Starch
92 52-1b. WI 13-1b. Semichemicenl 40 A 8tarch
Ul 52-1h, WV 2-26-1b. Semichemical (laminated) 50 A Starch
04 69-1h, WF 2-26-b. Semichemical (laminated} 50 A Starch
9% 69-1b. WF 33-1b, Semichemical 40 A Starch
) A-lh, WF : 26-1b. Semichemieal a5 A Starch
07 6%-1h. WF ' 26-1b. Semichemical ’ 30 A Starch \
98 G9-1b. WF 26-1b. Bogus 20 A Starch
90 00-1b, WF 26-1b. Bogus 20 A Starch
100 90-1h, WF 26-ib. Semichemical 30 A Starch
101 00-1h, WE 26-1b. Semichemical 35 A Starch
102 90-1h. WF . . 33-1b. Semichemical 40 A Starch
103 90-1b. WF 2-26-1b. Semichemical (laminated) 50 A Starch
104 §.I°. 38-1b.; D.F, 47-1b, 26-1b. Semichemical 30 A Stareh
105 S.F. 47-1b.; D.I". 38-1h. 26:1b. Semichemical 30 A Starch
106 42-th, WF, medium calendering 26-[b. Semichemieal 30 A Silicate
107 42-1b, WF, medium calendering 26-1b; Semichemical 30 B Starch
108 421b. WF. medium ealendering 26-lb. Semichemical 30 B Silicate

*All liners were Fourdrinier kealt.
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FABRICATION - A I .-

The materials described above were shipped to the
Menasha Wooden Ware Corporation where the fabrication
was carricd out on an 83-inch Langston corrugator

combination. Two hundred sheets of flat stock-—50 by 72
inches—were taken from the front cutoff position for each
combination.

R~ -y g
T3P AN MO e Theero SRR L B T
; LSS SR et T LR iR 7Y

equipped with a triplex slitter and creaser and a duplex The box blank samples and flat stock samples for each

o

identified to avoid any possible confusion in later opera-
tions. The box blanks were allowed to season for several

“days before they were run on the printer-slotter. The
A-flute box blanks were scored, slotted and printed on a
243 k124 124 124 124 — 124 64 by 120-inch Langston printer-slotter.
t t
3 i
L J_i'f i
t 484 !
B-Flute Boxes
Fraune 1a. Scoring and Slotting Specifications 24% — |2I% 12 l% —i2 l% "_“_'2'& — ‘Ti
cutoff. The corrugator operating data are shown in Table 6}
ITI, and the adhesive data in Table IV. Combinations 71
to 88 and 90 to 103 were fabricated on September 12, 1953, !- 48f !

and Combinations 8 and 104 to 108 were fabricated on
March 10, 1954, Throughout the fabrications, box blanks
and flat stock were saved only when the corrugator was
producing satisfactory board. At the beginning and end of
each run combination, samples were taken from each ¢om-
ponent roll (the full width of the rolls). Approximately
150 hox blanks were taken from the front and back cutoff
positions, respectively, giving a total of 300 box blanks per

A-Flute Boxes
Ficure 2. Scoring and Slotting Specifications

The scoring and slotting dimensions are shown in Fig-
ure la. The B-flute box blanks were scored, slotted, and
printed on a 42 by H-inch Langston printer-slotter. The
scoring and slotting dimensions are shown in Figure 2.

TABLE IV
STARCH ADHESIVE DATA

Single-Face Double-Face
Liner Gel Liner Gel
Temperature, Viscosity, Point, Temperature.  Viscosity, Point.
Time °F, see,* °F, Tiwme °f, see.” °F.
Sept. 12, 1953
7:10 a.m., Bept. 12, 1953 86 25 7:10 a.m., Sept. 12, 1053 88 45
8:10 a.m., Sept. 12, 1953 86 26 8:10 a.m., Sept. 12, 1953 86 51
9:10 n.m., Sept. 12, 1953 86 25 9:10 a.m., Sept. 12, 1953 86 51
11:10 am., Sept. 12, 1953 86 2514 1110 s.m., Sept. 12, 1953 86 53
1:10 p.m., Sept. 12, 1953 86 25 1:10 p.m., Sept. 12, 1953 80 Y]
March 10, 1954
6:45 a.m,, March 10, 1954 78 37 144 7:00 a.m., March 10, 1954 82 124 136
7:30 a.m., March 10, 1954 86 40) 8:00 a.m.,, March 10, 1954 86 82
8:30 a.m., March 10, 1054 82 35

SILICATE ADHESIVE DATA
March 10, 1954

Specific gravity 1.39%
Temperature, °F. w3
Degree Baumé -+

*The Institute of Paper Chemistry viscometer (water =153 seconds at 73° F.)

1

-—— -run- combination “were placed—on skids and carefully -




The testing of the various samples obtained from the
fabrication runs may be divided into three parts. First,
physical tests were performed on the samples of the com-
ponent materials from which the combined board was
fabricated. Second, physical tests were made on the com-
““bined board and third, the boxes which were fabricated
from the combmed board were evaluated for their com-

<pression strength, - - —.. - .-

CompoNENT TESTS

Each component sample included specimens selecied
across the full width of the rolls. The sampling was carried
out at the start and end of each combination. The com-

Liners

Cnliper 20

Basia weight 1000 in.? minimum
Bursting strength 20 (10 up and 10 down)
Iling compression 20 {10 in and 10 across)
Tensile and stretch 20 (10 in and 10 across)
G. . puncture 10 (5 up and 5 down)

"TESTING PROCEDURE

ponent samples were preconditioned for at least 24 hours
in an atmosphere maintained at a temperature of 73 + 3.5°
I, and a relative humidity less than 359, then conditioned
for at, least 48 hours in an atmosphere of 50 £ 2% relative
humidity and.a temperature of 73 + 3. 5 F. Test,mg was
done in the latter atmosphere, ~ T

The following physical testing was carried out on the
liners:. caliper, basis weight,. bursting strength, ring com-
pression, tensile, stretch, and G. E. puncture. These same
tests were carried out on the corrugating mediums with the-
exception that G. E. puncture was omitted and the
Concora medium test and Single-fluter test were added.
The following number of readings were obtained for each
average result referred to in this report:

Corrugating Mediums

Caliper 20

Basis weight 1000 in.? minimum
Bursting strength 20 (10 up and 10 down)
Ring compression 20 510 in and 10 across)
Tensile and streteh 20 (10 in and 10 across)
Concora medium test 10 (in only)
Single-fluter test 10 {in only)

Coamnep Board Tresrs

Each combination involved not only the fabrication of
box blanks, but also the fabrication of sheets of flat stock
which were 50 inches wide and 72 inches long. Fhe com-
bined board specimens were preconditioned and condi-
tioned like the component samples before they were tested.
"The combined board tests which were performed on speci-

Caliper

Basis weight
Bursting strength
G. E. puncture
G. E. stifTness
Flat crush 210
Pin adhesion 10

'

mens randomly sclected were the following: basis weight,
caliper, bursting strength, G. E. puncture, G. E. stiffness,
flat crush, and pin adhesion.

The following number of readings were obtained for each
average result given in this report:

20

5 {12 x 12-inch sheets)

20 (10 best up and 10 best down)

20 (10 best up,. in and across) (10 best down, in and across)
20 (10 best up. in and across) (10 best down, in and across)

Box Trsrs

From the box blanks fabricated for each combination,
fifteen specimens were selected randomly from the front
and fifteen from the back for processing through the box
shop—i.e., slotting, scoring, and taping. Ten of these
hoxes (5 front and 5 back) were selected for top-load com-
pression tests and a similar number was selected for end-
load compression. Prior to being tested, the hoxes were
first preconditioned for at least 24 hours in an atmospherc

maintsined at 73° F. and less than 359, R.H. They were
next placed in an atmosphere maintained at 73° F. and
509% R.H. for 24 hours. At the end of this period, the top
and bottom flaps were sealed with silicate of soda after
being flexed cutward 90° and inmward 180° to the closed
position, After being sealed, the boxes were conditioned
48 hours in the 509, R.H. atmosphorc before they were
tested.

TS TaEMmengvmiess, FOWE L e vl ens megin
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" Tnr Errgct oF Varving LINER WEIgHT AT Five LEVELS
oF CoMBINED Boarp Frat CrusH

The three structural elements of combined board and
boxes made therefrom are the single-face liner, the double-

— -- . face liner, and. the corrugating medium. One. of_the ob-

jectives of this fabrication run was to determine the effects
on combined board and box strength of varying the liner
" weight at each of five flat erush levels. To achieve this

2000~

Top Lood {O-0.75 inch)
e End Lood (0 - 0.50 inch)

r~—
(

12004

0ool- =

Box Comprestion | pound
I

DISCUSSION OF RESULTS

- P g s e b
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PR R e T T

objective, balanced combined boards were fabricated with
26, 42, 52, 69, and 90-b. WF Fourdrinier kraft liners.

Each of the liners in this range was fabricated with corru- -

gating mediums at five levels of combined board flat crush

which were originally planned to he 20, 30, 35, 40, and 50,

p.s.i,, thus giving a total of 25 combinations. However, the
average combined hoard flat crush levels actually attained
were” 1425, 27.8, 20.1, 3%:5, and 609 p.s.ir

-

==
!

72 85 90 97 100
264 436 524 690 933
278

Run Combination 7 88 @9 S8 99
Average Liner WiIb. 264 436 524 650 923
fweroge Flal Crush, psi “wh

73 B84 39l
264 436 524 690 923

75 82 93 94 103
264 436 524 @0 W3
@9

74 83 52 95 102
264 4356 524 690 .3
158

96

291

Fraure 3. Compression Tests on A-flute Boxes Made with Balance:d Liners of Various Weights Ench Fabricsted with
Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying
Liner Weight at Each Level of Flat Crush

Tur Errect oF LiNer WEIGHT oN Box CHARACTERISTICS

The top- and end-load compression results obtained for
the boxes fabrieated with liners varying in weight from
26 1o 90 Ib. and eorrugating mediums at five different levels
of combined board flat crush are shown in Table V and
graphically presented in Figures 3, 3a, and 3b. Tt may be
noted that at each level of flat crush the top- and end-load
box compression results inereased quite uniformly as the
liner weight inereased. However, the box compression
values for both top-load and end-load for'a given medium
(sco Figures 3a and 3b) appeared to level off in the vicinity
above a 70-1b. liner weight heyond which a further increase
in weight at a given flat erush level did not result in an
increase in box compression of any real conscquence. This
phenomencn was exhibited by all the samples. Also, it may
be observed that the compression results were lowest for

13
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Freure 3a. The Effect on Top-load Box Compression of
Varying Liner Weight at a Given Level of Corrugating
Medium Flat Crush
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o e the combinations which were fabricated with the corrugal-
i 89 ing medium having the lowest flat crush and highest for the
ns . - . . .
5251 combinations which were fabricated with the corrugating
1400} - - g - - ere

medium having the highest flat crush. Tt .may be noted

o . further that at the intermediate levels of flat crush—27.8,
29.1, and 39.5 p.si—the increase in box compression
ool achieved by increasing the liner weight was about the
WL same. The conclusion that may be reached from the data
presented is that for a given level of flat crush strength, the
“aaf " ; - “greater the average weight- of the liners-used,-the-higher - ‘
ol will De the compressive strength of the corresponding |
. [ o boxes,
g - . ; . - -

. Tur Errecr or LixEr WeGHT ox CoMBINED BoARD
% e e R R e h % w —w  CHAHACTERISTICS
ftrage Weigh! of Linary b pas 00D oq It

. The results of the combined hoard tests are shown in 5
Fiaure 38. The Effect on End-load Box Compression of Varying  Table VI. Crraphs of the combined hoard results showing

Liner Weight at a Given Level of Corrugating . . . .
Medium Flat Crush : the effect on strengih properties achieved by increasing.

300 i
B . . |
' -
230}~
] ] ] |
200 _
3 1 - - i -
S - - N A
3 ] M ]
S
m..
Run Comblinafion 71 88 B9 98 99 - 72 83 B0 9T 100 773 B4 9 96 10 T4 83 92 9% 102 75 82 93 94 I3
Avgrogs Liner W1, Ib. P64 436 524 89.0 923 24 436 R4 A0 923 264 438 R4 @O 923 264 436 524 690 923 264 4356 W4 630 903
Averoge FlatCnash p.al. nus 2778 1:1] E1-5. 699

Ficurr 4. Basis Weight Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Each Fuabrieated
with Corrugating Mediums at Five Levels of Combined Board Fiat Crush Showing the Effcet of Varving Liner
Weight at Each Level of Flat Crush
300

280}

Collper , point

Run Comblnatlon TI 88 89 98 99 72 85 90 9T W00 73 e84 891 96 1M 74 83 92 93 102 75 82 93 94 03
Averoge Liner Wi, b 264 4356 R4 6§90 923 264 436 524 660 923 264 436 524 690 923 264 436 529 690 923 264 436 %24 630 903
Amroge Flat Oruth, nsi. 145 278 291 395 a9

Figune 5. Caliper Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Each Fabricated with
Corrugating Mediums st Five Levels of Combined Bourd Flat Crush Showing the Effcct of Varying Liner
Weight at Each Level of Flat Crush

15




" Bursting Stongh, a8 i.

v ety T '.":‘yﬂi:.Jw;r.i.u_- LA
T . .

]

Run Comblnation 71 88 89 88 99 72 85 96 97 W00
Auorage Liber W1, 1b. 264 436 524 690 923 264 436 524 690 923
Averaps Flot Crush psi. 14.5 2r e

73 84 91 98 101
264 436 524 690 923

74 @3 b2z 935 102 TS5 82 9% 94 103
264 436 524 690 923 264 26 324 620 923
291 398 699

Froure 6. Bursting Streugth Test Itesults on A-flute Combined Bonrds Made with Balanced Liners of Various Weights
Euch Fabricated with Corrugating Mediums at Five Levels of Comhined Board Flat Crush Showing the Effect of
Varying Liner Weight at Fach Level of Fiat Crush

580

5001

6 E Puichre , unlt

Run Combination 71 88 B9 98 99 72 8% 90 97 WO
Averaga Liner Wt th 264 436 524 §30 923 264 436 524 630 923
Averoge Flat Grush, p ai 23} 278

T3 84 91 96 IOV
264 496 524 €0 923

74 93 9T 9% 102 75 82 93 94 103
264 436 524 630 923 264 436 524 630 903
29t 385 699

Fraune 7. G. E. Puncture Test Results on A-flute Combined Boards Made with Balanced Linerzs of Various Weights Faeh
Fabricated with Corrugnting Metliums at Five Levels of Combined Board Flat Crush Showing the Bifect of Varying
Liner Weight at Each Level of Flat Crush

liner weight at five levels of flal crush are presenied in
Fizures 4, 5, 6,7, 8, and 9 for hasis weight, caliper, bursting
strength, G. E. puncture, bursting strength versus G. K.
puneture, and G. I8 stilfness. [t may be noted in Figures
4 and 5 that basis welght and caliper inereased uniformly
at each flat crush level as the weight of the liners increased.
The charts illustrating the relationship of increasing
weight to bursting strength and G. 5. puneture—Figures
6 and T—show that bolh tests increased at each flat erush
level as liner weight increased. The flat erush level ap-
peared to affect the magnitude of the G E, puncture results
considerably more thau the barsting strength results.

In Figure 8 the relationship of bursting strength and

16

G. E. puncture to increasing liner weight is shown in one
graph to facilitate comparison. It may be scen from the
results plotted in Figure 8 that, for the samples fabricated
with the 14.5-psi. flat crush medium, the bursting
strength appeared to-increase at a greater rate with in-
creasing liner weight than did the G. L. puncture. How-
ever, at the higher flat crush levels the reverse was ob-
served, particularly when the laminated medium was used.
Figure 9 presents the relationship of G. L. stiffness to
liner weight, and it may be scen that the test results in-
creased uniformly with inereasing liner weight. [t may be
observed further that the general level of stiffness values
increased as the flat crush level increased. From the data
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Run Combinotion K]
Average Combirmd
Flat Crush , pai.
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Itaure 10, Compression Tests on A-flute Boxes Made with Balanced Liners of Various Weights Fnch Fabricated with '
Corrugating Mediums at I‘ ive Levels of Combined Board Flat Crush Showing the Effect of Varying Flat Crush
at Fach Level of Liner Weight

different corrugating mediums varying in average "com-
bined board flat crush strength from 14.5 to 69.9 p.s.i.

THE KFFECT oF CORRUGATING MEeDIUM Ell‘IFFNth ON
Box CoMpPRrESSION

The top- and end-load compression results obtained for
five weights of liner—26, 42, 52, 69, and 90-lb.—each
fabricated with five different corrugating mediums varying

Averags Liner Wwght, Ib
920

400

0! 1 L xl) 4‘6 é.) 1 1 ]

Flet Crush of Comugating Madium . Bsi,

Frgune 10a. The Effect on End-load Box Compression of
Varying Corrugating Medium Flat Crush
at a Given Level of Liner Weight

2l

w

in average combined board flat erush from 14.5 to 68.9 Ib
per square inch are shown in Table IX and graphically
illustrated in Figures 10, 10a, and 10b where it may be
observed from the tabular and graphic presentations that
at each level of liner weight an increase in the combined
board flat crush was accompanied by an increase in box
compression. This was true at each of the nominal levels
of liner weight—i.e., 26-1b., 42-1b., 52-lb., 69-1b. and 90-1b.

Avarage Liner Warght b
92.0

End — Lood Bax Compresson, b

i n L L Il Fl |
20 30 40 50

L=

Flat Grush of Gorrugating Medium g+ 1.

Ficurg 108, The Effect on Top-load Box Compression of
Yarying Corrugating Medium Flat Crush .

at a Given Level of Liner Weight
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Fioune 11. Basis Weight Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Each Fabricated
with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying Flat Crush |

at Each Level of Liner Weight
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Run Combingtn 71 72 73 74 15 8 &5 oe 63 82 89 50 9 92 s 98 97 96 S5 94 93 100 101 K2 103
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Figure 12, Caliper Test Results on A-flute Combined Boards Mule with Balanced Liners of Various Weights Each Fabrieated with
’ Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying
Flut Crush at Bach Level of Liner Weight

However, the observation may be made in Figures 10a and
10b that the increase in box compression achieved by in-
¢reasing the flat crush of the medium 10 p.s.i. ity the lower
range was considerably greater than the increase achieved
by an equivalent change in flat crush in the higher range—

each combined with Ave corrugating mediums of various
stiffness characteristics, are shown in l'able X and-illus-
trated by graphs in Figures 11 to 17. Graphs of the basis
weight and caliper results are presented in Figures 11 and

‘12 from which it may be observed that at a given liner

i.c., the magnitude of hox compression values for-a given

" liner weight tended to level off as thé flat crush values

increased, and finally reached a point where a further in-

crease in flat crush would not increase box compression
materially.

TaE Errkcr oF CorRUGATING MEDIUM STIFFNESS ON
ComsINED Boanb CHARACTERISTIOS o

The test results obtained on the combined boards
fabricated with liners varying in weight from 26 to-90 Ib.,

weight level, varving the flat erush of the board had no
apparent effect on the basis weight and caliper test results
except where the change in flat crush was also assoriated

“with o change in the basis weight and caliper of the cor-

23

rugating medium.. .

The bursting strength results shown in Figure 13 in-
dicate that therc appears to be no direct relationship
hetween combined board bursting strength and the flat
crush of the corrugating medium at a given liner weight
level. Thus, it appears that with few exceptions, bursting
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strength is primarily a function of the liners. It also may  thus, indicating that unlike the bursting strength test, thé

be observed that, at the two lowest levels of liner weight—  G. E. puncture test is dependent on the corrugating
Le., 26 and 42-lb.—the bursting strength results for the. medium as well as on the liners.
samples fabricated with laminated mediums were higher The G. E. puncture and bursting strength results are

than those fabricated with only a single medium. However, shown together in Figure 15 for comparative purposes.
at the higher levels of liner weight the samples fabricated Examination of the data indicates that increasing the
with the laminated medium exhibited lower bursting corrugating medium stiffness at a given level of liner
strengths. This is probably the result of “double-pops” weight has a considerably greater effect on the G. K.
which have a greater influence on the test resulls at the puncture test results than on the bursting strength test

higher_bursting strength levels...__ .. . - —results.. This. tends to confirm -previous- investigations -

Figure 14 presents the G. E. puncture results and it may  which have shown that the corrugating medium character-
be noted quite readily that at any one of the five liner istics contribute significantly to the G. E. puncture test
“welght levels, an inerease in- corrugating medium flat  results but are of considerably less importance to the
crush resulted in an increase in the G. E. puncture test, bursting strength results. -
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Aweroge Combined ’
Boord Figt Crush,pal 110 200 904 401 BG4 04 279 288 MD &68) 160 75 275 46 T IT9 272 271 384 €32 17.3 27.6 33.7 36.2 69.9
fAaroge Liner Wi, b 284 436 524 €3.0 21.9

Fraure 13, Bursting Strength Test Results on A-fiute Combined Boards Made with Bataneed Liners of Various Weights Each
Fabricnted with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying
Fiat Crush nt Fach Level of Liner Weight
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Fiaure 14, G. E, Puncture Teat Results on A-flute Combined Boards Made with Balaneed Liners of Various Weights

Fach Fabricated with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the
Effect of Varying Flat Crush ut Fach Level of Liner Weight
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Shown graphically in Figure 16 are the G. E. stiffness
results. The results at each liner weight level show that
increasing the corrugating medium stifiness also increases
the G. E. stiffness of the combined board, thus indicating

that the stiffness of the medium contributes to the stifiness

of the board as measured by this test.

The normal adhesion results for the various combina-
tions are shown in Figure 17 where it may be noted that
corrugating medium stiffness had no speeific effect on the
strength of the bonding of the board.

]

Tur, Frrrer ofF LiNer Densrry

The densities of three 42-1b. kraft liners were varied by
finishing them with light, medium, and heavy calendering
to determine its effect on combined board and box char-
acteristics. The liners which were finished this way varied
in density from 36.4 to 40.8 lb. per cu. ft. Each liner was
combined with three corrugating mediums of the following
average flat crush characteristics: 10.3, 28.4, and 69.9

p.a.i.
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Figure 15. Comparison of Burating Strength versus G. E. Puncture Teat Results on A-flute Combined Boards made with
Balanced Liners of Vartous Weights Each Fabricated with Corrugating Mediums at Five Levels of
Combined Board Flat Crush Showing the Effet of Varying Flat Crush st Each Level of Liner Weight

G €, SHitness | unit

Run Combination M OTE T3 T4 TS
Averoge Combined
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Ficure 16. G. E. Stiffness Test Results on A-flute Combined Boards Made with Balaneced Liners of Various Weights
Fach Fubrieated with Corrugating Mediums at Five Levels of Combined Bourd Flat Crush Showing the Effect of
Varying Flat Crush at Each Level of Liner Weight
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Fiaure 17. Normal Adhesion Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights
Fneh Fabricated wi ith (Jorrugn.tmg Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of
. Varying Fiat Crush at Each Level of Liner Weight
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Ficure 18, Compression Tests on A-flute Boxes Made with Linera
of Various Densitics Each Fabricated with Corrugating Mediums
at Three Levels of Combined Board Flat Crush

200['
180-
- 190
i
'g' 50}
i
Run Combination 76 88 79 7T B4 BO 76 8z 8
Liner Qanaly 364 3a5 408 384 385 408 384 385 408
Gorrugating Madlum Bogus* Saml - Chermical Lomingied Sem[- Cham
Fidt Grah |, pa i, a3 284 699

Fraune 14, Busis Weight Test Results of A~flute Combined Boards
Made with Liners of Various Densities Fach Fabrieated
with Corrugating Mediums at Three Levels of
C ombmed Board Fiat Crush

Tae ErfFecr or [aner DENstry on Box Comrnpssion

The top- and end-load hox compression results obtained
for the three levels of liner density and corrugating medium
stiffness are given in Table X1 and presented graphically
in Figure 18. Examination of the tabular and graphic
presentations indicates that the liner density in the range
studied did not appear to have a significant effect on the
top- and end-load box compression results. This observa-
tion is based on only three comparisons and thus should
not be interpreted as conclusive evidence, but rat hu only
as indicative. .

Tae Errect oF LineErR DExsity oN CoMbINED Boarp
CHARACTERISTICS

The combined -board data are given in Table XII and
presented graphically in Figures 19 to 25, The combined

AL

GoVom, poles
g8 8

-3

Run Gombination 84 80 76 8l
Linar Demelly 3864 385 400 384 % 385 408 34 53.'.! 408
Corrugating tedium Bogus Seml - zcgnqdanl Laminated Semi-Chem
Flat Crush , per. .3 K 4 €99

Froure 20. Caliper Test Results of A-Aute Combined Boards Maude
with Liners of Various Densities Each Fabrieated with Corrugating
Mediums at Three Levels of Combined Bourd Flat Crush

board hasis weight and caliper results are shown in Figures
19 and 20, respectively. The variations noted in basis
weight and caliper of the combined board as the lner
density varied were very small and apparently insignif-
icant.
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< o Lhc‘ bursting strength result, again illustrating the influence:
; - which the medium has on the G. E. puncture results,
5 The combined board G. E. stiffness test results are
2 100f.| - - “shown in Figure 24. Fxamination of the graphic data in-
¥
-]
Run Combination ) T B4 76 €2 @ 300
Liner Density 64 385 264 A4S 8 364 3035 408
Gomugating Matium Bogus Sem - Ghamicol Lominated Semi=Cham 250) —
Flat Crush, pal 0.3 28.4 69.9 g
a0 L
- Fiauneg 21.-Bursting Strength Test Results of -A-flute Combined i | i
Boards Made with Liners of Various Densities Each Fahricated E
with Corrugating Mediums at Three Levels of =
Combined Board Flat Crush -
- - - - N - —_— - - IIJ
UI
T 1 , ! < 3 i 1 R c«mm [TH ™ sz &
lhe. bursfimg_ strenglh rcst}lts prebgnte_d in F igure 21 fun Contea LT R A . S S A
graphically indicate that an increase in liner density re-  Comgting Msdum Aoqus Semi - Chemical Lomirated Semi= Chem
Flat Cruth, ps: 03 28R 23]

sulted in a slight increase in the bursting strength of the
combined board.

400, —
350 I
300, !
P o
a 20
a |80
w
. 0
50
A Gombkatn T8 88 79 <77 o X ™ sz el
Ler Daralty 164 384 A8 % s 384 MS 48
Cormugating Madium Bogus Seml ~ Ghmlml Lominated Seml-Chem
Fid Crush | pal (<R oms 659

Figure 22. G. E. Puncture Test Results of A-flute Combined Boards
Made with Liners of Various Densities Each Fabricated with
Corrugating Mediums at Three Levels of
Combined Bourd Flat Crush

[t may be geen in Figure 22 that the combined board
G. E. puncture results appear to increase as the density
increases although the difference may not be significant,

The bursting strength and G. E. puncture results are
presented togther in Figure 23 for comparative purposes.
At the highest corrugating medium stiffiness level, the
contribution made hy the laminated medium to the G.
puncture result was much greater than its contribution to

E.

Burthing Strengih PR, r -:
g. »Op- - G E. Puncture i"“} I = :
] ' t
E sool- ; ! ! P
]
— [ N I
o | = .r“;“r"w,: R SR O
% | 200} == .
K -
“ 1sar
E L
& | wot
w
5 “’"' |
Run Combirclion 6 ap 79 T @84 B0 76 ez @l
Linw Surmily 364 33 08 354 M5 408 364 385 408
Comugnting Medum. Bogys Seml = Chawnlcal Lominaied S emi -Chem.
Fit Crush ps. I. 03 284 €99

Froune 24. Comparison of Bursting Strength versuz G. E. Pun('turo
Test Results for A-flute’ Combined Boards Made with Lincrs of
Vartous Densities Euch Fabricated with Corrugating Mediuma
at Three Levels of Combined Board Fiat Crush

Fraure 24, G. E. Stifiness Test Reaults of A-flute Combined Boards
Made with Liners of Various Densitics Fach Fabricated with
Corrugating Mediums at Three Levels of
Combined Board Flat Crush

dicates that an increase in liner density was accompanied
by an increase in the G. E. stiffness of the combined board.
The normal adhesion results shown in Figure 25 indicate
that liner density in the range studied did not affect the
magnitude of the bonding strength of the hoard.

—————— Dovbls-face Linar
Singla -faca Lwer

80
]
80} —_—
o] m I W ae [
- -- 1
— e .
§| oo — [ - o
- r
IEIR |
g 40
30
20
10
'
A Gombination 78 [11:] 79 T a4 80 76 82 Bt
Liner Donsity 364 383 A08 364 385 408 364 385 408
Grnugaing Medium Bogua Seml = Chemlical Lominated Semi - Chem,
Flot Gnah, p 3 | 03 284 899

Figure 25. Normal Adhesien Test Results of A-flute Combined
Boards Made with Liners of Various Densities Each Fabricated
with Corrugating Mediums at Three Levels of
Combined Board Flat Crush

Tue Errect or PosiTioN oF LiNgrs oOF. DIFFERENT
WEIGHTS

Effect of Liner Position on Box Compression

Run Combinations 104 and 105 were made with un-
halanced liner weights of 38 and 47 Ib. Run Combination
104 had a 38-lb. single-face liner and 47-1b. double-face
liner. This order was reversed for Run Combination 105.
Both combinations were fabricated with the same cor-
rugating medium. The top- and end-load box compression
results are given in Table X1II and shown in'graphic form
in Figure 26. Observation of these data shows that with
the lower weight liner on the inside, the boxes sustained a
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Roun Combination 104 105
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Single Foce Liner 87 . 477

Double Face Liner 48.2 386

Fieure 26. Compression Testa on A-flute Boxes
Made with Unbalanced Linera

slightly higher end-load compression. However, when this
position was reversed (lower weight on the outside), the
boxes sustained a higher top-load compression. The differ-
ences hofed do not appear to be of enough significance to
advocate one form of construction in preference to the
other.

Effect of Liner Position on Combined Board Characleristics

The combined hoard test results for Run Combinations
104 and 105 are presented in Table XIV. No graphic

Top Lead {0-0.75 inch}
——————— End toad (0-0.50 ingh)

1000
900[
gool r--4 r7 -4 ]
700}
-] eoolk
i 500}
§ 400}
00}
»
& 200}
100}
Run Combination . 85 \Or 108 108
Fide A B A B
Adhesive Starch Silicate

Ficurg 27. Compression Tests on A-flute and B-flute Boxes
Made with the Same Adhesive

presentations of these data are given because of the facl,
that the results are nearly identical, there being very little
difference in combined board strength by virtue of the
liner positions being reversed.

Tny ErFect oF THE Tyre or FLyTte (A vERsus B)

Effect on Box Compression

Runs 85, 106, 107, and 108 were fabricated with similar
42-1b, liners and 26-1b. semichemical corrugating medium,
the only intentional variables being the adhesive and the
flute. The top- and end-load hox compression test results
are given in Tablé XV and are shown graphically in Figure
27. 1t may be seen that the top-load compression values for
the A-flute boxes were higher than those for the B-flute
hoxes for hoth starch and silicate adhesive. However, as
expected, the end-load box compression values for the
B-flute boxes were slightly higher than those for the A-flute
boxes.

Effect on Combined Board Characleristics

The comparisons of A- versus B-flute combined board
propertics are presented in Table XVI and illustrated
graphically in Figures 28 and 29. The basis weight, caliper,
and bursting strength versus G. . puneture comparisons -
given in Figure 28 show that the hasis weight of the B-flute
combined hoard fabricated . with starch adhesive was

QE Puntivre
----- Bushng Sirengih
50
or 128 28 1
ol 1 __ T} [~ ..
— — . -
20l woa - 200}
irof 1713 irsf
o0l
9ol sof 10|
N "
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N s
£ rsh : % rsl
o 40| 5 @3
= 3 - £
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2 el 3 13k 3 e 03t
Run Cambinatize 43 10T 106 108 B3 107 106 108 #5107 108 108
Flute A B A B A B A B A B & B

AN ey Slarch Silicote Staren  Sillcote Srorch  Slicata

Freurs 28, Basis Weight, Caliper, Bursting Strength, and
G. I Puncture Test, Results of A-flute and B-flute
Combined Board Made with the Same Adhezive

slightly lower than that for the A-flute. In the case of the
board adhered with silicate, the basis weights for A- and
B-flute were approximately the same. The decrease in
combined board caliper associated with changing from A-
1o B-flute was very nearly the same for both adhesives.
The comparison of bursting strength versus G. . puncture
indicates that the A-flute hourds had slightly higher G. 1.
puncture values than the B-flute boards but slightly lower .
bursting strength values were associated with the A-flute
hoards than the B-flute.

In Figure 29 graphic presentations of the (. E. stiffness,
normal adhesion, and flat erush test results are given. It
may be seen that the G. E. stiffness values for A-flute
board were considerably higher than for B-flute. The
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normal adhesion values showed no dependence on the
type of flute and, as would be expected, the B-flute flat
crush results were considerably higher than A-flute results.

Tugx ErFecr oF THE TYPE OF ADPHESIVE (STARCH VERSUS
SILICATE).

Fffect on Box Compression

Runs 85, 106, 107, and 108 were fabricated from similar
42-1b. liners and 26-1b. semichemieal corrugating medium,
the only intentional variazbles being the flute and the
adhesive, & situation which provided an epportunity to
study not only the effect of flute construction, A- versus
B-, both combined with the same adhesive, but also the
cifect of the adhesive itself on A- and B-flute board. The
top- and end:load box compression test results are pre-
sented in Table XVII and illustrated graphieally in Figure
30. Ixamination of these data indicates that the A-flute
and B-flute boxes fabricated with silicate adhesive exhib-
ited higher top- and end-load box compression results
than those {abricated with starch adhesive. The A- and

Top .Load (0-0.75 inch}

000 " End Load (O-050 inch}
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8O - - - 7 o
L
700}
E' €00
§  soof
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. g 4001
-
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- Run Comblnation 85 108 107 108
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Flute A B

Fusune 30, Compression Tests on A-flute and B-flute Buxes
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B-flute end-load compression values were approximately
the same for starch and silicate adhesives.

Effect on Combined Board Characteristics

The combined board test results are shown in Table
XVIII and given graphic presentation in Figures 31 and
32. In Figure 31, the basis weight, caliper, and bursting
strength versus G. E. puncture results are shown and
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Fraure 31. Busin Weight, Caliper, Bursting Strength, and G. [
I unctuu Test, Results of A-flute and B-flute Combined Boards
Made with Different Adhesives

exhibit the following trends: The hasis weight results were
slightly higher for the A- and B-flute boards fabricated
with silicate adhesive, wherens the caliper vesults were
approximately the same for both adhesives and flutes.
The other tests—hursting strength, G. E. puncture, G. F.
stifiness, flat erush, and normal adhesion—did not appear
to be affected significantly by the type of adhesive.
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Froure 32. G. E. Stiffness, Normul Adhesion, and Flat Crush
Test Results of A-flute and B-flute Combined Boards
Made with Different Adhesives

Tae KFFECT OF THE AMOUNT OF ADHESIVE

Run Combinations 85, 86, and 87 were fabricated with
the same 42-1b. liners and a standard 26-lb. semichemical
corrugating medium into A-flute board, the only variable
being the amount of starch adhesive applied which was
varied by changing the clearance between the adhesive
pickup and wiper rolls from 0,008 to 0.015 inches. Run
Combination 86 was fabricated with a “light’” adhesive
application (0.008-inch clearance); Run Combination 85
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with o “regular” adhesive application (0.012-inch clear-
ance); and Run Combination 87 with a “heavy” adhesive
application (0.015-inch clearance) -

¥y f)'ect on Bo.r: Compresswn

The top- and end-load compression test results are
shown in Table XIX and illustrated by means of a graph
in Figure 33. It may be seen that for “regular” and
“heavy'" applications of adhesive the top-load box com-

pression test results were higher than for the “light” ap-

plication. However, the end-load box compression test

———— Top Load (0-075 inch)
End Lood (0-0.50 inch)

1000

700

600

Bax Compression , |b.

86
Light

Fiaure 33. Compression Tests on A-flule Boxes Made with
Light, Regular, and Heavy Applications of Adhesive

85
Reguiar

87
Heavy

Run Combination
Adnesiva Application

results were approximately the same for the “regular”
adhesive application and the “light” adhesive application,
and somewhat lower for the “heavy’ application than the
“light’" application. It appears that the “regular’” applica-
tton results in the hest top- and end-load box compression,

Effect on Combined Board

The combined board test results are given in Table XX
and presented graphically in Figures 34 and 35. Figure 34
presents the basis weight, ealiper, and bursting strength
versus (1. . puncture test results. It may be noted that the
hasis weight results increased us the amount of adhesive.

. 35 presents the normal adhesion, flat erush, and G. F
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Fiaure 34, Basis Weight, Caliper, Bursting Strength, and G. E
Punecture Test Results of A-fiute Combined Boards Made with
Light, Regular, and Heavy Applications of Adhesive

inereased as would be expected, and the caliper results
remained relative]y unchanged. The bursting strength
versus G. E. puncture comparison indicates that both
tests mcrcased as the smount, of adhesive increased. Figure
stiffness test results. The normal adhesion results are very
interesting in that they indicate the adhesion strength of
the beard is somewhat proportional to the amount of
adhesive used. It may be noted that the flat crush test
results were not affected by the amount of adhesive but
the G. E. stiffness results scem to bear a direct relation-
ship—i.e., the results increased as the amount of adhesive
increased. '
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- ’ STATISTICAL ANALYSIS OF DATA : T

Revarmonsuirs Berweex Various Compoxent, Cowm-
RINED Boarp, Axp Box Tists

Ag was mentioned previously, one of the objectives of
this study was to try. to illuminate the relationship between _
(1) the G. F. puncture test and conventional tests on com-
ponents and combined bourd and (2) box compression and

“the G. E. puncture test on combined board. Of interest
I

also wus the intercorrelation of tests on combined board
and boxes a5 well as the relationship of conventional com-
ponent and combined board tests to box compression.
[n order to determine these relationships, the data have
been divided into two groups. In one group, there are 16
different, samgles, 14 of which were {abricated with bal-
anced 42-1b. kraft lincrs and different eorrugating me-
diums, and two of which were fabricated with unhalanced
liners (38 and 47 1b.). In the other group, there are 36
different saumples, 34 of which were fabricated with bal-
anced liners and two of which were fabricated with un-
balanced liners varying in weight from 26 to 90 1b. and
corrugating mediums of widely different characteristics.
Before the correlations are considered, it may be well to
review briefly what they indicate and how they may be
interpreted. The relationship or correlation between any
two tests can be judged roughly by merely observing the
numerical data. However, this method leaves much to be
desired in that it can be applied to only the more obvious
correlations. Another method of determining the pattern of
the relationship between two tests is o plot the data.
Ahsolute linear correlation exists if, when the plotted
values are connected, a straight line results—ie,, all
plotted points fall on a straight line. When the plotted
points do not form a straight lime, the correlation is not
absolute. In fact, the more the plotted points deviato from
the line, the less the correlation. A third method of deter-
mining the corrclation is the statistical method by which
so-called “correlation coeflicients’” are caleulated. This
method of analysis is a determination of simple correlation
involving the interrelationship between two different tests.
The relationship between two tests may be obiained by
plotting the respective test results and then determining
the line of least variance by the method of the sum of the
leust squares. The-closeness of the plotted points about the

line of the least squarc is & measure of the correlation
between the two tests in question. It is also possible by

algebraic means to calculate the correlation eccefficient-

and thus eliminate the necessity for plotting the points
and determining the line by the sum of the least squarcs]
In simple correlation, the correlation coefficient is

.defined as - - . .

R= [nlxy — (Ex) (Ey)]
fukix? — (Ex}!) [nEy? — (Ey)Y]

where x and y are the two quantities or characteristics, n
is the number of items under consideration, and R is the
correlation coefficent, The correlation coefficient is an
expression of the degree to which two characteristics are
related—i.e., it is o measure of the intimacy of two quan-
tities or characteristics. For example, a correlation co-
efficient of unity (1.00) indicates perfect corvelation.
Similarly, a correlation coefficient of zero (0.00) indicates
the absence of any eorrelation, The sign (positive or
negative) preceding the coeflicient designates whether the
correlation is direct or nverse—i.e., a positive sign in-
dicates direct correlation and 5 negative sign inverse
correlation. ’

INTERCORRELATION OF COMBINED-BosrD TrsTs

The correlation coefficients obtained’ from the inter-
correlation of combined board tests are shown in Tables
XXI and XXII The results given in Table:XXI are based
on 16 samples of combined board fabricated from liners
ranging in weight from 38 to 47 1b.; the majority of the
samples (16) were fabricated as balanced board using 42-1b.
liners while only two were fabricated as unbalanced board
using 38 and 47-b. liners. The correlation coefficients for
the relationship of basis weight to the other tests, it may
be seen, are +0.80 for bursting strength, +0.91 for G. E.
puneture, +0.83 for G. K. stiffness, and 30.92 {or flat
erush. The magnitude of these coefficients indicates that a
relationship between the two tests involved does exist.
Generaolly speaking, these coeflicients tell us that the
greater the weight, the greater also will be the magnitude
of the bursting strength, G. E. puncture, G. E. stiffness,
and flat crush tests. The intercorrelation of caliper with
the other combined board tests indicates that there is little

TABLE XXI

SIMPLE CORRELATION COEFFICIENTS

BETWEEN COMBINED BOARD TESTS

(Sixteen 200-1b, Series A-flute Combinations)

Bursting G. E. G. E. Pin Adhesion Flat

Caliper Strength ° Puncture Stiffness S.F. D.F. Crush
Basis weight .65 +0.80 +0.91 -+0.83 +0.21 —{3.36 +0.92
Caliper +0,37 +0.81 +0.84 +10,24 +0.08 +0.79
Bursting strength +0.71 +0.68 +0.34 -0.29 +0,71
G. E. puncture +0.98 +40.33 —0.05 +0.98
G, E, stiffness -0} +0.06 403,95
Pin adhesion, 8.F, +0.04 +0.38
Pin adhesion, D.F. —(L16

36
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dependence between caliper and bursting strength or pin
adhesion but considerable dependence between caliper and
G. E. puncture, G. E. stiffness, and flat-crush. Bursting
strength-shows some relationship to G. E. puncture, G. E.
stiffness, and flat crush. G. E. puncture is well correlated
with G E. stiffness and with flat crush. G. E. stiffness is
also well correlated with flat erush. Pin adhesion does not
appear to be well correlated with any of the tests. In
summary, it may be stated that the best correlations exist
“between G. E. puncture and G. E. stiffness and ‘G. E.
puncture and, flat crush, and the next best between G. E.

. .. .stiffnogs and flat crush. _ e .

The results shown in Table XXII are based on 30
samples of combined board fabricated in 34 cases as
balanced boards with liners ranging in weight from 26 to
90 lb. and in two cases as unbalanced board with 38 and
47-Ib. liners. It may be noted from the data given in Tables
XXTI and XXII that broadening the range of liner weights
improved the correlation coefficients for the relationships
between basis weight and such tests as caliper, bursting

TR wm'-wﬂmn rrhe syl g et
S e N w'»;-.%mm,:‘a“ﬁzm o

strength, and G. E. puncture and reduced the correlation

coefficients between basis weight and such tests as Q. E.

stiffness and flat crush. This readjustment, in relationships

when the population is expanded toinclude a much broader- - .-
range of liner weights and other properties conforms to
expectations in that the physical characteristics of the

liners play a more important role and the significance of

the corrugating medium is weakened. The correlution

coefficients for the relationship of caliper to bursting
strength,'G. K puncture,and G. E. stiffness are substantial® -~ —~—
in magnitude and indieate that an increase in weight
would also result in_an increase in these tests. Bursting
gtrength appears to be moderately well correlated with
G. E. puncture. As might be anticipated, G. E. puncture
and G. E. stiffness are closely related. G. E. stiffness and
flat crush appear to be correlated moderately.

REevaTionsHiP OF CoMBINED BoArD AND Box TEsts

The correlation coefficients for the relationship of four
combined board tests—bursting strength, G. E. puncture,

TABLE XXII

SIMPLE CORRELATION COEFFICIENTS BETWEEN COMBINED BOARD TESTS
(36 A-fiute Combinations)

Bursting G. E. G. E. Pin Adhesion Flat

Caliper Strength Puncture Btiffncas Fo- D.F. Crush
Basis weight +0.93 +0.90 +0.93 +0.78 +0.37 +0.19 +0.39
Caliper +0.92 +0.88 +1.76 +0.40 +0.41 +0.28 -
Bursting strength +0.78 +-0.62 +0.38 +0.34 +0.09
G, E. puncture +0.95 +0.45 +0.24 +0.66
G. L, stiffness +0.56 +0.30 +0.77.
Pin adhesion, 8.F. -+0.24 -+0.20
Pin adhesion, D.F, =0.14

TABLE XXIII
CORRELATION COEFFICIENTS BETWEEN COMBINED BOARD TESTS AND BOX COMPRESSION

{36 A-flute Combinations)

(Sixteen 200-1b. Series
A-flute Combinations)

Top End Top End
Combined Board Tests Compression Compression Compression Compression
Bursting strength +0.87 +0.89 +0.60 +0.51
G.E, puncture +0.94 +0.94 +-0.94 +0.91
G.E, stiffness +0.90 +0.87 +0.95 +0.95
Flat ceush +0.42 +0.40 +0.80 +0.8%
TABLE XXIV

SIMPLE CORRELATION COEFFICIENTS BETWEEN COMPONENT AND COMBINED BOARD TESTS
(Sixteen 200-1b. Series A-flute Combinations)

Combined Board Tests

Component Tests

Bursting Strength

G.E, Puncture G.E, Stiffness

Liner (8.I', + ID.F.) -
Bursting strength +0.18
G.I%. puncture +0.01
Ring compression, in +0.16
Ring compression, neross -40.16
Tensile, in +{0.26
Tensile, “eross +0.15

Corrugating medium
Bursting strength +0.17
Ring compression, in +0.25
Ring compression, across +0.16
Tensile, in - +0.24
Tenaile, HEross +0.24
Concora 40,08
Single-lluter +0.16

+0.02 +0.11
+0.15 +0.17
+0.11 +-0.16
+0.13 +0.17
+0.08 +0.15
+0.20 +1.20
+0.63 +0.69
+0.71 +0.78
+0.63 +0.71
+0.71 +0.77
40,71 +0.78
~+0.55 +-0.66
~+0.66 +0.74
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TABLE XXV

SIMPLE CORRELATION COEFFICIENTS BETWEEN
COMPONENT TESTS AND BOX COMPRESSION
(Sixteen 200-1b. Series A-flute Combinations)

Box Compression

Coniponents Tests Top-load” End-load
Liner (8.F. and D.F.)
Bursting strength +0.07 +0,13
G. E. puncture +0.11 +{,18
Ring compression, in +0.08 +0.16
Ring compression, neross +0.10 +0.16
Tensile, in " 40.05 +0.14
Tensile, across - = I K & O -0.15
Corrugating medium
Bursting strength -4-0.60 +0.71
Ring compression, in +0.72 +0.82
. Ring compression, across . £0.61 . +0.78
Tensile, in +0(.68 +0.79
Tensile, across +0.71- +0.81
Concora +0.64 +0.77
Single-fluter +0.68 -+0.81

G. E. stifiness, and flat crush—to top-load and end-load
box compression are shown in Table XXIII for popula-
tions of 16 samples and 36 samples. It may be noted that
for both populations, 16 and 36 samples, the best correla-
tion coefficients arc associnted with the G, E. puncture and
G. E. stiffness tests. The G. . puncturé test or combined
board correlated substantially better with top-load and
end-load box compression than bursting strength for hoth
populations.

REevaTIONsHIP 0F CoMroNENT TusTs To COMBINED BoARrD
AND Box Tesrs ‘

The correlation cocfficients for the relationships of
various liner and corrugating medium tests to combined
board and box tests are shown in Tables XXIV and XXV,
respectively, for the L6-sample population and in Tables
XXVI and XXVII for the 36-sample population. It is
readily apparent from an inspection of Table XXIV
{1G-sample population) that none of the liner tests correlate
well with the combined hoard tests. However, whercas
none of the corrugating medium tests correlate well with
combined board bursting strength, all of them scem to
correlate fairly well with the G. . puncture and G. E.
stiffness tests on combined hoard. This phenomenon can
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be explained by the fact that the G. E. puncture and G. K,
stifiness tests measure corrugating medium properties
which the bursting strength test ignores. Also of interest
in Table XXV is the poor correlation between liner tests
and box compression for the 16 sample population. This
may be explained by the {act that a very narrow range of
liner weights was involved. On the other hand, the range
of corrugating medium properties, weight included, was
rather broad; and it may be noted that the correlation
coefficients for the relationships between various corrugat-
ing medium tests and box compression were substantially
better than they were for the liner relationships.

When the population is expanded- to 36 samples, the
relationships change considerably as may be secn from the
tabulation of correlation coefficients shown in Table
XXVI. The improvement in the correlation between the
liner tests and combined board tests is readily apparent
and results from the fact that the range of liner weights is
much greater and naturally affects many of the tests
which increase as the weight increases. Combined board
bursting strength correlates best with the liner tests fol-
lowed in order by G. E. puncture and G. E. stiffness. It
may be seen in Table XXVII that bursting strength and
cross-machine direction liner ring compression exhibit the
best correlation coefficients for both top-load and end-load
box compression followed very closely by cross-machine
direction tensile. None of the corrugating medium tests
correlate well with either combined board or box tests.
This probably can be traced to the reduced effect of corru-
gating medium quality on combined board and box tests.
and the increased and daminant role of the liners when the
range of liners weight is greatly enlarged as was the case
for this population involving 36 samples.

MurTirLe CorreELaTIONS OF CoMmpoxeNT TESTS VERSUS
ComBiNeEp Boarp G. E. PUNCTURE

The theory of multiple correlations has been discussed
in previous reports. As a reference, the reader is invited to
study Appendix B of a report entitled “Study of Paper
Board Quality as Related to Fiber Box Performance
Report Number 1 (Baseline Studies 1. The Evaluation of

. TABLE XXVI
SIMPLE CORRELATION COEFFICIENTS BETWEEN COMPONENT AND COMBINED BOARD TESTS
(36 A-fute Combinations)

Combined Board Tests

Component Tests

Bursting Strength

G.E. Puncture G.E, Stiffness

Liner (8.F. + D.F.)

Bursting strength +£.96
(i[5 puncture +0.403
Ring compression, in 11305
Ring compression, across +0.07
Tenstle, it +00.88
Teusile, across +0.96
Corrugating medium.
Butsting strength +0.23
Ring compression, in +0.20
Ring compression, across +0.2:¢
Tensile, in +40.18
Tensile, 4CT0SS +0.22
(‘oncora o =17
Single-fluter +0.23

+0.75 +0.62.
+0.75 +0.55
+0.73 +0.61
+0.76 061
+0.70 +0.60
+0.77 +0.59
+0.45 +0.52
+0.51 +0.61
o8 Tos
+0.50 +0.58
+0.40 +0.52
+0.47 +0.58
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TABLE XXVII

SIMPLE CORRELATION COEFFICIENTS BETWEEN
COMPONENT TESTS' AND BOX COMPRESSION
{36 A-flute Combinations)

Box Compression

liner and medium tests resulted in correlation coefficients
of only a mediocre quality, thus indicating that the two
tests involved in each relationship are not intimately
correlated with the G E puncture result of combined

” Component Tests Top-load . End-load board.
Liner (8.F, and D.F.) ) In Table XXIX the same relationships have been calcu-
Bursting strength +0.87 +0.89 3 3 HO : :
CF pactiee T80 1o la.ted using a population of thirty: six combl'nffa.tmns of
Ring compression, in +0.86 .ogs different series bourd. The correlation coefficients are
Ring compression, across +0.87 4090 ggmewhat better for the various relationships but this is
. Tensile, in +0.82 +0.83 . .-
e Tensile, ACYOSS o o e +081— — . . +0.80. .__due_to_the fact_that:a broader range of liner and medium _ _____ __
Corrugating medium ARSI 3
Barting strongih 40.40 +0.40 - f:ham.ctfmﬁtlcs is involved ra:ther tlhla.n to an improvement
Ring compression, in 40,43 +0.42  in the intimacy of the varicus correlations. It may be.

“““““ --Ring compression,-across - - -+042- - e o 40, 41-—-*0bserved in Table-XXIX-that fair-correlations-were-oh- — — -- —

Tensile, in +0.38 +0.3

- - Tensile, across - +043 - - +0, 42 tained by relating liner tensile (across) and.corrugating . . .
Concora +0.40 +0.39 sodi a1 . i .
Singlo-Ruter o3 o medium tensile (across} to combined board G. E. puncture.

Correlations of similar magnitude were obtained by re-
lating liner ring eompression (in) and corrugating medium
ring compression (in) to combined board G. E. puncture.
The correlation coefficients were changed only very slightly .
by subsmtutmg the Single-fluter test or Concora medium
test for corrugating medium ring compression (in). The
results indicate, therefore, that we do not currently have
a test or tests for the components which will adequately
predict the G. E. puncture of combined board. '

‘Current Kraft Liners and Corrugating Mediums, Part II.
Combined Boards and Boxes)” dated October, 1946.
The results of correlating various liners and corrugating
medium tests versus the G. E. puncture test of the corre-.
sponding combined board are shown in Table XXVIII
for sixteen samples of 200-pound series A-flute board. An
"*inspection of Table XXVIII reveals that correlating the

0 3

TABLE XXVIII

* MULTIPLE CORRELATION COEFFICIENTS QF COMPONENT TESTS AND COMBINED BOARD G E. PUNCTURF
’ (Sixteen 200-)b. Series A-flute Combinations)

Combined Board

Component Tests
G.E. Puncture

Liner  Corrugating Medium’

Ring compression {across) Ring compression (across) +0.61 *
Ring compression {in) Ring compression (in) +0.71 .
Ring compression (across)’ Single-fluter +0.67
Ring compression {in) Single-fluter +0.67
* Ring compression (across) . Concora +40.57
Ring compressxon (in) Concora +-0.56
Tensile (ncross) Tensile (neross) +0.74
Tengile {in) Tensile (in) +0.72 .
Tensile {across) Single-fluter +0.68 :
Tensile (in} Single-fluter +0.66.
Tensile (across) Concors, +0.60
Tensile {in) Concora +0.55
G.E. puncture* ' Single-fluter +0.67
G.E. puncture Concora +0.57
TABLE XXIX )

MULTIPLE CORRELATION COFRFFICIENTS OF COMPONENT TESTS AND COMBINED BOARD G.E. PUNCTURE
(36 A-flute Combinations)

Component Tests
Corrugating Medium

Combined Board

" Liner G.E. Puncture

Ring compression (across} Iting compression (across) +0.83
Ring compression (in) Ring compression (in) +0.85
Ring compression (across) Single-fluter +4.84
Ring compression (in) Single-fluter +0.83
Ring compression (acrosa) Concora +0.82
Ring compression (in) Coneors +0.81
Tensile (meross) Tensile (across) -+0.86
Tensile (in) Tensile (in) +-0.81
Tensile {across) Single-fluter +0.84
Tensile (in) Single-fluter +-0.81
Tensile (across) Concora +0.83
Tensile (in) Coneora +0.78
G.E. puncture Single-fluter +0.83

Concora +0.81

G.E. puncture
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