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A STUDY OF PAPERBOARD QUALITY AS RELATED TO BOX PERFORMANCI

Srrcial Sruoigs 1. EfrEcT oF DisTrIBUTION oF WEIGHT 0F COMPONENTS ON
. PERFORMANCE 0F CoMBINED Boarn anp Boxks

Panr I. Lingr WEIGHT STUDY

SUMMARY

The thme main structural elemcnts of a coxrug.xted
board-—single-face liner, corrugating medium, and double-
face liner—wcere investigated in the Weight-Distribution
Study. The liner materials used in the study were Four-
drinter kraft and the corrugating wmaterials were Four-
drinier kraft, chestnut, Chem Fibre, and straw. These
materials were fabricated into A- and-B-flute combined
board. A total of 13 different combinations of. liners and
mediums wos fabricated. The combined hoard of each
of the run combinations was converted into two types of
baxes. One type of box was a B-flute R.5.C. to carry 24
No. 214 cans, The other was an A-flute R.S.C. with
the following inside dimensions: 2234 by 15 by 2434
inches. The corrugating and converting operations were
carried out under carefully controlled bui uormal
operating conditions.

Samples of the component materials, combined board,
and hoxes were taken from cach run combination. All
samples were preconditioned at not higher than 359
R.H. prior to being conditioned and tested in an atmos-
- phere maintained at 50 + 29 R.H. and a temperature
of 73 £ 3.5° I

The component materials were tested for hasis weight,
caliper, bursting strength, G.10. puncture, Elmendorf
tear, Amthor tensile and streteh, and ring compression.
The physical tests caried out on the combined bHoard
samples were hasls weight, bursting strength, G.IL
puncture, G.E. stiffness, pin adhesion, and . and D.
tlat crush. The A-flute box satples were tested for bop-
and end-load compression. In addition to these two tests,
the B-flute box samples were tested by the small revolv-
ing drutn test and the bwelve-ineh corner drap test.

Tae Errect oF Lixer WEIGHT

The effect of liner weight on hox characteristics was
observedd by studying the resulis obtained on Run
Combinations 23, 24, 25, 26, and 35. In, these combina-
tions combined hoards were fabrieated from 38-ib. DY,
42-lh. DY, 47-1h. WF, 47-1b. DF, and 90-Ih. WF liners
and kraft corrugating medinms.

1. In general, as liner weight was increased, both top-
and end-load compressive strength increased, Although
the B-flute boxes showerd a more uniformly progressive
increase in top-load compressive strength with increase
in liner weight than did the A-flute boxes, both A- and
B-Hute boxes showed a uniform inerease in end-load
compressive strength with incrense in liner weight.

2. The drum and dlop test vahues for the B-fluieboxes,
m general, incrensed as the weight of the liners increased.

"The results obtained on the combined hoiwd samples
of these same run combinations showed the effect of
liner weight on combined board characteristies,

L. The general trend was for the bursting strength of
the combined board to increase as the weight of the
component liners increased. This trend was more ap-
parent for the B-flute sumples than for the A-flute
samples. Also, it was noted that the bursting strength
values for the B-flute combined board samples were
higher than the bursting strength values for the corre-
sponding A-flute sumples.

2. In general, the G.E. puncture values for the com-
bined board samples increased ss the weight of the
component liners ingreased. There was o tendency for
the G.E. puncture results on the A-flute combined
board samples to be higher than those on the B-flute
samples of the corresponding run combinations.

3. The results of the G.E. stifiness tests for the sinples
of A- and B-flute corrugated board showed that the
stiffness values increased with increase in the weight of
the liners. The G.I. stitfness results obtained for the
A-tlute samples were approximately the same in mag-

“nitude as those obtuined for ihe corresponding B-thile

samples. Although it might normully bhe expectel that
A-flute combined hoard, by wature of its greater thick-
ness, would give higher G stiffuess  values  than
B-ilute hoard, this tendency was apparently offset by
the greater number of dutes in the Boflute bourd.

4. The H. and D. flut crush values for the B-fute
vombined board swnples were, W general, about 10 1b.
per sq. in, higher than the corresponding values for the
A-flute samples,

Tur lrrect or Tyee or Cornunating MEpiuM

The effect of the type of corrugating medinm on box
characteristics was vbserved by studving the results
obtained on Run Combinations 26, 27, 28, and 20, These
combinations represent boxes  fubricated with 42-1b.
Fourdrinicr keaft lincrs and corrugating mediums of
Powrdvinier keaft, Chem Fibre, chestnat, and steaw.

t. The compression test vosubls shonesd that Wigher
top- and ened-lond compression nverages were obtuined
for the A-flute boxes fabricated with Ghem Fibre than
for those fabricated with any of the other theee cor-
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rugnting mediums. Also, higher top-toad compression
averages were obtained for the B-flute boxes tfabricated
with Chem Fibre than for B-fiute boxes fabricated with
other types of medium. However, the B-flute boxes
fabricated with Fourdrinier kraft medium gave higher
- end-load compression values than those fabricated with
other mediums.

2. The B-flute boxes fabricated with Fourdrinier
kraft corrugating medium were far more resistant to
the rough handling action of the drum and drop tests
than were those fabricated with any of the other cor-

~rugating-mediums. The-boxes fabricated-with the roll .

of chestnut corrugating medium gave the fowest drum
and drop test results.

“The results obtained on the ¢combined Loard suniples
of the same run combinations showed the effect of the
type of corrugating medium on combined board char-
acteristics,

1. The results indicate that the type of corrugating
medium had a marked influence on the G.E. puncture
values of the A- and B-flute combined board samples.
The A- and B-flute combined board samples fubricated
with kraft corrugating medium gave higher G.E. punc-
ture values than those fabricated with any of the other
mediums.

2. The type of corrugating medium had very little
influence on the bursting strength of the A- and B-flute
combined board samples.

3. The A- and B-flute combined board samples fabri-
cated with Chem Fibre gave the highest G.I. stiffuess
averages and the highest H. and D. flat erush averages
of any of the samples studied.

Tur Errecr or Posttioxy or LINERS or DIFFERENT
WEIGHT

The combined boards of Run Combinations 30, 31,
32, 33, 34, and 35 were “unhalanced hoard” in that the
single-face and double-face liners were of different
weights. By studying these run combinations it was
possible to uhserve some of the effects of the position of
liners of different weiphts on the characteristics of the
hoxes fabricated from them. However, it should he
borne in mind that the limited number of samples {run
combinations) included in this study materially hmig
the significance which can- be attached to the results,
The results should be interpreted as merely indicating
possible trends which might he expected.

1. Higher top-load compression values tended to

result when the heavier of the two liners was placed on
the inside (S.F.) and the lighter liner was placed on
the outside (D.F.) than when the liners were in the
reverse position. This observation was particularly

dpptuvntfior buxes mtwhn}h"the Jiner ! mght}*drﬁcrcnnahf-.x:.‘ gl

was the- greatcst.

2. Conversely, there appeared to be a tendency for
the boxes fabricated with the heavier liner on the out-
side (D.F.) and the lighter liner on the inside (S.F.)
to give higher end-load compression values than those
with the liners in the reverse position. -

3. The drum and drop test values, in general, were
higher for hoxes which had the heavier liner on the
inside (S.F.) and the lighter liner on the outside (D.F.)
than for boxes having the reverse arrangement of liners.
- 4..When the B-flute boxes fubricated from unbalanced
boards were compared with the boxes fabricated from
“balanced boards” (boards fabricated with single-face
and double-face liners of the same weight) of correspond-
ing total liner weight, it was observed that, in general,
they gave lower end-load compression results than the
hoxes from balanced hoards.

5. The boxes fabricated with balanced board gave
lower drop test values than the corresponding boxes
fabricated with unbalanced board.

The results obtained on the combined board samples
of the same run combinations showed the effect of the
position of liner on the G.E. puncture test results. In
the G.E. puncture test, the double-face liner was always
contacted first by the puncture head. The combined
board fabricated with the heavier liner as the single-face
liner and the lighter liner as the double-face liner gave
higher G.E. puncture values than when the reverse
arrangement of liners was used.

STATISTICAL STUDIES

The statistical studies were conducted on a group of
ten run combinations which encompassed boxes having
liners varying greatly in basis weight, but all made
with kraft corrugating medium. The studies indicated
rather high correlation coefficients for basis weight and
top-load compression and for basis weight and end-load
compression. A series of predicted values based upon
basis weight checked fairly closely with the values of
top- and end-load compression obtained in the laboratory.

The studies also indicated that, if unbalanced board
is to be used in boxes, some advantage is gained for
top-load compression if the heavier liner is placed on
the inside (S.F.). The reverse arrangement was indicated
to secure higher results for end-load compression.

Simple correlation coefficients were calculated to
establish the relationship between the weight of the
combined board and certain -combined board strength
tests and the relationship hetween the weight of the
combined board and the top- and end- load compression
tests on the corresponding boxes.




INTRODUCTION

The broad objective of the “long-range co-operative -

research and development program initiated at The
Institute of Paper Chemistry by the Fourdrinier Kraft
Board Institute, Inc. was the determination and accumu-
lation of the basic information needed for improving

_ the quality of paperboard boxes and their components.

During March, April,-and May, 1045, the paperboard
production of thc co-operating mills was sampled in an

" - impartial cross-scctional manner so-that a baseline study

of current paperboard production could be carried out.
The baseline study was conducted to provide a reference
point or index of the quality of the paperboard being
produced. Two reports have been completed on the
information obtained during the baseline studies. The
first report (Basecling Studies 1. Part I} was concerned
with the sampling program employed and with the
evaluation of the liner and corrugating medium samples
by existing paperboard testing methods. The second
report (Baseline Studies 1. Part II) was concerned
with three objectives: (1) The selection of the most
representative roll or rolls of ecach mill's sampled pro-
ductions. (2) The fabrication of these representative
rolls into combined boards and the conversion of the
resulting combined boards into boxes. (3) The laboratory
evaluation of these boxes by conventional box-testing
methods. The baseline studies provided a background
of information which made more meaningful the results
of the present study.

The present study is an investigation of the distri-
bution of weight in corrugated board. The importance

of such a study of corrugated hoard is apparent shen .

it is realized that a corrugated hoard is a structure. In
general, structures are made up of several structural
elements, each of which may be fabricated from materials
of different physical strength; thus, the distribution of
the strength nmong the several elements is a problem

of utmost importance since it'governs, to a large degree,

the ultimate performance of the entire structure.

When a corrugated board is considered as a structure,
the main structural clements 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 demmblr. char-
acteristics presents an important problem, T he structural
materials used in the fabrication of corrugated hoard
are, in general, specified on the basis of weight per
thousand square feet and, within limits, the higher the
weight, the greater the strength of the board.

From a practical and economic viewpoint, the paper-
board and box manufacturers should be interested in
knowing the effect of the weight of the liners or cor-
rugating mediums on the performance of boxes made
therefrom. For example, what is the effect on box per-

formance when the total weight of the liners is increased .

by four pounds per thousand square fect of corrugated
board? Alse, is the effect on box performance the same
if the equivalent weight increase is applied to the cor-
rugating medinm?

The economic importance of knowledge of this type
to the manufacturers of paperboard is apparent. It was
logical, therefore, for the Fourdrinier Kraft Board
Institute to include a study of these factors as a part
of their long-range research and development studies
being carried out at The Institute of Paper Chemistry.

This study had as its initial objective the development
of information regarding the effect on box performance
of (1) weight of liners, (2} the type of corrugating
medium, and (3) different weights of single- and double-
face liners. The study of the effect of the weight (or
strength) of the corrugating medium nn box performance
was nobt included in the flrst section of the weight-
distribution study.




In order to carry forward the weight-distribution
study along the lines indicated by its three objectives,
it was necessary to select carcfully the various weights
of liners und the various types of corrugating mediums

which would be [ubricated into-combined- board and--

ultimately converted into boxes. The genetal material
shortage prevalent at the time the study was initiated
made it advisable to limit the study to the materials
listed in Talle [ The materials were fabricated aceord-
ing to the schedule given in Table IE Tt was felt that the
characteristies of the liners of different weights would
be made more comparable if they were produced on one
Fourdrinier machine frotn pulp which was as uniform as
possible. In particular, this would allow liners of different
weights to he produced at a more neatly constant denstty;
this was desirable because the comparisons of the com-
bined boards and boxes produced from them would be
bhased more nearly on weight alone, and would not be
complicated by such variables as the bulkiness of the
sheets and ponunifortn weight to caliper ratios.

The kraft liners and the 26-Ib. kraft ecorrugating
medium were produced at the St. Joe Paper Company,
Port St. Joe, Florida, on the same Fourdrinier machine.
The pulp evaluation data for the pulp used in producing

AATERIALS

TABLE I

MATERIALS USKD FOR FABRICATION COMBINATIONS

Number
Grade . Manufacturer of Rolls
_AS-1h. DE liner st foe Paper Company 2
$2-1h, D diner”” ~5t. Yoo Papet Company™ 777 7 5 i
47-1b. DY liner st Joe Paper Company 2
A7-lh. WT liner St. Joe Paper Compuny 3
52-1b. WT liner ___St. Joe Paper Compuny 1
Gi-lh, WF Liner St. Joo Paper Company™ 3 77

G-th, kraft
corrggating medium

26-1h, Chem Fibre
corrugating mediut

25-fh. chestnut
corrygating medium

" &t. Joe Paper Company

[nternational Paper Company,

Crorgetown, 8. C.
The Mead Corporation,
Nashville, Tenn.

30-1b, straw
sorrugating medium

The Westen Paper & Manu-
turing Co., Dayton, Qhio |

the kraft liners and medium are given in Appendix B.

The seeond phase of the study, in which the combined
hoards were to be fabricated using corrugating mediums
of various types, required the selection of rolls of cor-
rugating mediums of 26-1b. Chem Fibre, 26-1b. chestnut,
and 30-1b. straw, in addition to the 26-lb. kraft corugat-
ing medium which was produced at the St. Joe Paper Com-
puny. In seleeting these rolls, an altempt was made
to secure a roll of each corrugating medium which
could he eonsidered representative of its type.

TARBLL 11

FABRICATION SCIEDULE

Run
Combi-  Order of Single-Foee Roll
nativn Running Flute Ling? No,

23 1 A 47-1h, WE 1
23 2 B 47-1, W [
24 K il 17-1h, DI i
24 4 A 17-1h, DF ]
25 h A 58, DF |
20 & 13 38-1h, DI !
26 7 H 1240, B 1
26 S A 12-1h, DI 1
27 0 A 42, i |
27 10 4 12-b, DF |
28 1" 5 12+h, DI b
28 12 A ERFI M gt
2 13 A p2- DEF 3
24 14 3] 42-lb, 1al° 3
30 L5 I3 12-1h, D b
30 16 A 42-1b DF a
31 L7 A Jaulb, Wi |
31 18 N A2-1h. WF |
32 14 R 38-th, DF i
32 24 A 3R, D |
33 2 A 17-1h, W l
33 22 B 17-1b, W |
RE 23 B Ho-hy, Wi t
34 24 A N0-lb, W |
BN 25 A 47-1b, W U
35 20 LK 47-1h, WF B

AL liners were Fourdreinier keaft.

Coreugating oll Double-Faee Roll
Medinm No, Liner* No,
26-th, kraft 1 47-1b, W} 2
26-1b. kruft 1 47-1b. WP 2
26-1b. kraft | 47-1b. DF 2
26-1b, keaft | A7-th. DI Y
2h-1h, kraft 2 38-1h, DI 2
20-U, kraft 2 J8-h. D 2
26-1h, kraft p 42-1h, DF y
26-1h. kraft, 2 42-lb. DF 2
26-1h, Chem Fibie i 42-1h. DI 2
26-1b, Chiem Fibee | 42-th. DI 2
26-1h, chestout 1 42-1h, DI* 4
26-1b, chestnut 1 42-1b, DF 4
30-lb. straw 1 42-th. DI 4
30-1, straw 1 42-1b. D¥ 4
0.1 kraft 4 H2-1, Wi |
26-1h. kraft 3 H2-1h, WF |
26-1D. kreaft 1 42-1b, DI B)
26-Ih, Teealt 3 42-1h, DF f
26-1h. kraft 4 47-lh, Wi* 2
2i-lh, kruft 4 47-lb, WF 2
26-1b. kraft 4 38-1L, DI 2
26-h. kraft. 4 A381h. DF 2
26-1b. kralt A 47-1h. WF 3
26-1h, kraft, H A7-1h. WTI 3
20-th, kraft H Yo-Ih, Wi 2
26-1h, kraft 0 HW-Ih, WE 2




In the fabrication phase of the Weight-Distribution
Study, starch was used as the adhesive. The starch was
a commercial grade of Bondcor C starch obtained from

Stein,-Hall and Company, Inc. The raw starch was from -

the same lot as thut used for. the fabrication run of the
Baseline Study, and the analytical results reported for
the raw starch in Bascline Studies 1. Part II are applic-
able for this run of the Weight-Distribution Study.
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FABRICATION

" GENERAL PROCEDURE

in order that the objectives of the Weight-Distribution
Study might be attained, it was necessary to accomplish
the corrugating operation and the box conversion

operation under controlled but normal conditions of
~manufacture. It was-also necessary to obtain the services-

of an impartinl boxmaker in carrying out the fabrication
according to the predetermined schedule of run combi-
nations shown in Ii igure 1. The services of the Mcnasha
Wooden Wure Corporation of Menasha, Wisconsin were
obtained for this purpose. Each run combination was to
be fabrieated into both A- and B-flute combined board,
and the entire fabrication was to be done in one day on
one corrugator by the same operating crew,

In order to have a more, complete picture of the
effect of weight distribution of the components on the
hoxes fabricated from them, it seemed desirable to
fabricate boxes of two sizes. The A-flute box was of
such size as to be considered a compression-type box,
whereas the B-flute hox was a conventional 24 No.
214 can size hox.

The A-flute combined board was cut one-out on the
corrugator to provide box blanks for R.8.C. hoxes of
the following inside dimensions: 2234 by 15 by 2434
inches. The manufacturer’s joint was taped. The hlank
for the above box was cut and flap scored on the cor-
rugator. The blank size was 763§ by 4034. The flap
scoring dimensions were 7135 by 25 by 7TUf; (see Figure
2). The B-flute combined board was cut two-out on the
corrugator to provide box blanks for R.8.C. 24 No.
214 can size boxes of the following inside dimensions:
161% by 12l by 935 inches. The blank for the above
box was cut 5834 by 2113{ inches and the flap scoring
dimensions were 614 by 99 by 64 inches (sce Tigure
2}). The manufacturer’s joint of this box was stitched.
In aceord with the cutting sehedule, approximately 250
sample boxes and 125 full width unscored combined
hoard sample sheets were produced from each run
combination for both the A~ and the B-flute.

The corrugating equipment used in the fabrication
run was a conventional 76-inch-'Langston duplex cor-
rugator equipped with A- and B-flute rolls. The hot
plate section of the corrugator consisted of 22 hot plates
which gave an over-all drying length of about 3314 feet.
Steam was supplied to the preheaters, rolls, and hot
plates at a pressure of approximately 125 pounds per
square inch. The cold or pull section of the corrugator
was approximately 3314 feet in length. The corrugator
was equipped with duplex slitting and scoring equipment
and with a single cutoff.

Two batches of starch adhesive were prepared for
this fabrication run. Representatives of the Menasha
Wooden Ware Corporation and The Institute of Paper

" Chemistry collaborated in the preparation of the starch

adhesive. The carrier portion of the frst batch was
prepared in o Francis mixer by suspending 75 pounds of
Bondear C starch in upproximately 665 pounds of water.
Sixteen and onc-half pounds of sodium hydroxide
dissolved in watc: were added and the carrier portion
was heated to 165° t this

for 15 minutes. The secondary mixer was charged with
the following ingredients -and was -agitated until- the
suspension was thovoughly mixed:

Water Approximately 1400 b,
Bentonite 12 b
Borax 1614 1h.
Bondcor C starch 510 [b.
Formaldehyde 3 Ib
Sulphonated oil 3 Ib.

The carrier portion was mixed thoroughly with the
ubove charge in the secondary mixer until a homogeneous
sturch suspension resulted. The total volume was ap-
proximately 333 gallons. The second batch of starch
adhesive was prepared by essentially the same pro-
cedure. It was estimated that approximately 440 gallons
of starch adhesive or 770 pounds of raw starch were
used during the fabrieation run.

Actual FasricatinGg PROCEDURE

The actual fabrication of the combined board was
carried out in the following manner. A set of unidentified
rolls of liner and corrugating material that were not to
be used during the actual fabrication were run over the
corrugator, and the various adjustments and corrugating
roll settings were made. Also, at this time the starch
adhesive was eirculated in the pans, and the adjustments
of the glee pickup and transfer rolls were checked. The
clearances between the glue pickup rolls and the glue
transfer rolls at three positions across the rolls for both
the A- and B-flute combined board are given in Table
[IT. With one exception, after the final adjustments
were made, they were not changed materially throughout
the entire fabrication of the sclected rolls. The exception
was the setting of the clearance hetween the glue transfer

TABLE 11l

CLEARANCES BETWEEN CLUE PICKUP AND
TRANSFER ROLLS

A Flute
Double Backer Single Facer
Front 0.0090 in. 0.0090 in,
Center 0.0095 in. 0.0090 in,
Back 0.0100 in. 0.0090 in.
B Flute .
Front 0.6000 in, 00085 in,
Center 01,0005 in, 0.0085 in.
Back 0.0100 in. 0.0085 in.

F. and was held at this temperature’

"—.: -ﬂﬁ"\"’ ‘”4
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Corrugating Medium Combination - Rolls of Liner

47-1b WFE Kraft (R
52 ra oll I)

: L. ~S\47-1b_WF Kraft(Roll 2} -
26-1b_Kraft
o 47-b.DF Kraft (Roll 1)
~47-1b.DF Kroft(Roll2)

38 Ib DF Kraft(Roll I}

i 25 , B
28:1b.DF Kraft{Roll 2)
26-1 I
o6 42:1bDF Kraft(Roll 1) -
42-1b. DF Kraft{Roll 2)
42-1b, (Roll 1)
26-1b.Chem Fibre (Roll 1) 27 DF Kraft
42-1b DF Krafi { Roll 2)
. 42-1b. DF Kraft (R oll 3)
26-1b.Chestnut (Roll_1) 28
_ 42-1b_DF Kraft(Roll 4)
42-1b.0F 11 3)
30-1b.Straw (Roll 1) 29 2 0.DF Krafh{Ro
' 42-1b DF Kraft (Roll 4)
<0 42-1b DF Kraft(Roli 5)
‘52-Ib. WF Kraft{(Roil 1)
261 Kraft (Roll
‘ ” 52-1b WE Kraft(Roll I}
42-1b.DF Kraft(Roli 5) _
o 38-1h. DF Kraft(Roll 1) __

/ , 47-1b WF Kraft{Roll 2)
26-1h Kraft{Roli4)

23 47-\b. WF Kraft (Roll i)
38-1b.DF Kraft (Roll 2)

” 90-lb WFE Kraft (Roll 1)

_ 47:1b.WF Kraft (Roll3) _

26:1b.Kraft{Ral
- 47-tb. WE Kraft(Rolt 3)
~_90:1b WF Kraft(Roll2) _

Frevue b Fabrication Sequence.,
£

T




roll aud the top riding roll on'the double backer, This
clearnee was sct at a minimum of (L1895 inch for the
A-tlute and o minimum of 0.0008 inch for the B-flute
combined board. When the run combinations using
90-1b, liner were run (Run Combinations 34 and 35),
this clearanee was increased 0.003 inch for both the A-
and B-flute boards.

The A-fluite eorrugating rolls had 36 corrugetions per
circumferential foot. The outside diameter of the large
corrugating roll was 9.875 inches and that of the small
corrugating roll was 9.032 inches. The B-flute corrugating

~rolls had -52-corrugations per-circurnferential-foot. The
outsidde diameter of the large corrugating roll was 9.875
inches and that of the small eorrugating roll was 7.618
Tinches, T N T -

After all the settings and adjustments of the cut-oft
knife, slitters, and creasing wheels were completed and
the corrugator was producing satisfactory combined
hoard at the desired machine speed of approximately
280-200 feet per minute, the machine was stopped and
the unidentified rolls were replaced with the rolls which
were selected for Run Combination 23. The fabrication
of Run Combination 23 was hegun and, when the cor-
rugator was producing satisfactory A-tlute combined
hoard at & speed of approximately 2850-200 feet per
minute, the first samples were taken. After approximately
250 samples of box blanks were obtained, the machine
was stopped and the slitter assembly was rotated to the
horizontal position so that full-width unscored sheets
of A-flute combined hoard could be obtained. One
hundred and twenty-five of these shects were saved
after the corrugator was again operating satisfactorily
at the desired speed This completed the sampling for
the A-flute fabrication for Run Combination 23. The
single-face liner and eorrugating medium were changed
from the A-flute to the B-flute corrugating rolls, uml
essentially the same procedure was followed as above,
except that the 125 fullwidth sheet samples of B-flute
combined hourd were produced first, followed, by the
250 hox blank samples of B-flute hoard. In this way,
the number of creasing wheel changes wius kept at a
minimum.

On completion of both phases (A= wnd B-flutej of
tun Combinntion 23, the corrugator was stopped and
the three rolls selected - for Run Combination 24 were
placed em the corrngator. The fabrieation of this run
combination was curried out in a manner similar to
that deseribed for Bun Combination 23, with the ex-
eeplion that the B-flute box hlanks and sheets werc
provdueed before those of A<flute in ovder to eliminate
an addittonal changeover from B-fiute to A-flute and
haek to B-Hote. In this manner, the fabrication of all
the run combinations listed in Table T wuas earried out.
The sequence of fabrication of the run combinations
was as shown in Figure [

The box blank samples and the sheet samples of each
run eombination were stacked on separate skids and
were completely identified to prevent confusion- in later
aperations. Also, the hov blanks of B-flute combined
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B-Flute Boxes

Fraure 2. Seoring and Slotting Specifications.

board from the front of the muacliine were stacked sepa-
rately from those from the back of the machine, This
procedure was necessary in order that the samples to
be tested at o later time could he mude up of an equal
numher of specimens from the front and back of the
machine.

Following the fabrication, the box blanks were allowed
to season for at [east 48 hours hefore they swere run on
the printer-slotters. The A-flute box hlanks were scored,
slotted, and printed on a 64 by 120 inch Langston printer-
slotter. The scoring and slotting dimensions are shown
in Figure 2.

The B-flute hox blanks were acored, slotted, and
printed on u 42 by 90-nch Langston printer-siotier.
The seoring and slotting dimensions are shown in Figure
2.

The printing part of the operation wus done merely
to mark the boxes for identification purposes, and con-
sisted of the boxmaker's certificate, run combination or
lot number aund, in the ¢use of the B-flute boxes, the
letter T or B. The letter 7 identified-the blank as having
been made on the froat side of the cormgator. Similarly,
the letter B denoted o back-side blank. The varions ran
combinations were printed and slotted in the same
sequenee as that used in-the fubrication.

Alter the printing and slutting operation, all the A-
flute hoxes were taped on one Progressive taping machine
which was equipped with a 20-foot pressure belt section.
Hand folding was used in the operation. The tupe used
was 2-inch pegtlar cloth tape manufactared by The
itexford Tape Company, The B-flute boxes were stitched
with § stitches cucli. The stitehing wire was 0.020 inch




in thicknoess and 0.104 inch in width, The reach dimension
of the stitch was I{; inch and the clinching legs were
3¢ inch long. AN the B-flute boxes were stitched on one
Model 385 Bliss Wire Stitcher manufuctured by the
Boston Wire Stitcher Company and marketed by Dex-
ter Folder Company. o

The finished boxes and the sheet stock were forwarded
to Appleton by motor freight. The samples were handled
with carc to prevent crushing and edge dumage. Also,
the bundles of boxes were loose tied to prevent string
cuts._

SAMPLING AND FABRICATION DATA OBTAINED

Rather extensive data were taken (h:ring‘ the fabri-
cution run to insure that the fabrication was done under
carefully controlled but normal conditions of manufac-
ture. The actual operation of the corrugator was carried
out by the regular operating crew of Menasha Wooden
Ware Corporation. The collecting and recording of
pertinent operational information and the sampling of

" the components and combined board during the fabri-

cution were done by representatives of The Institute of
Paper Chemistry.

For each of the run combinations of the Weight-
Distribution Study, nine samples of component matcerials
were obtained. To illustrate the sampling procedure,
reference may he made to Run Combination 23 (see
Figure 1}. Full roll width samples about 15 feet in length
were removed from each of the component rolls of
Run Combination 23 (47-lb. WT kraft, Roll 1; 26-lb.
kraft, Roll 1; and 47-1b. WT kraft, Roll 2) before the
rolls were threaded on the corrugater. After 250 A-flute
hox blunk samples and 125 sheets of flat stock samples
were produced, the sinple-face liner und the corrugating
medium were changed rom the A-flute to the B-flute
corrugating rolls. At the time of the change. full roll
width samples about 15 fect in length were removed
from each of the three eomponent rolls. These three
samples wore representative of the component materials
heing used at the end of the fabrication of the A-flute
combined hoard of Rua Combination 23; also, they were
representutive of the component muterials being used
ut the beginning of the fubrication of the B-flute combined
board of Run Combinntion 23. After 125 sheets of flat
stock samples of B-flute combinerl board and 250 box
hlank samplos of B-flute combined hoard were obtained,
the machine was stopped and again full roll width samples
were ohtained from euch of the three component rolls.
Since the corrugating medium roll was to be used also in
Run Combination 24, the corrugating medinm sample
represented the material used at the end of B-flute cnm-
hined bozrd of Run Combination 23 and at the beginniug,
of the B-flute comhined board of Run Cembination 24.
However, it was necessary to obtain fnll roll width
samples of the two liner rolls of Run Combination 24
{(47-Ib. DF Roll 1, and 47-ib. DT Roll 2) to represent the
liner materials being used at the beginning of the fabri-
cation of the B-flute combined bowrd of Run Combination
24, The Beflute combined board of Run Combination

-

PR LR IR
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24 was fabricated before the A-flute in order to avoid
an additional change-over from one fute to the other.
The preceding illusteation indjcates the procedure of
sampling used throughout the entire fubrication run.

Fach of the samples of the components was.identified -

as to the roll number, run combination number, position
sampled, and time sampled. As each of the full roll
width component samples was removed from the ma-
chine, it was immediately cut to provide moisture speci-
mens representative of the front, center, and buack

- -positions of-the roll: The three-specimens were marked

to identify them completely and were weighted immedi-
ately to determine their “as-used” weight. They were

Tthen forwarded to The Institute of Paper Chemistry

where they were oven dricd to constant weight in an
oven which was equipped with forced air circulation
and was maintained at a temperature of 103-105° C.
All weighings were made on a halanee which was gradu-
ated to 0.01 gram. The results of the moisture determin-
ations on the component matertals are shown in Tuble IV,
The remainder of each component sample which wus
not used for the moisture determination was forwarded
to The Institute of Paper Chemistry to be used for test
PUrpUSES. '

TABLL IV

MOISTURE CONTENT OF COMPONENT MATERIALS

AT TIME OF FABRICATION

Moisture {ovendry basis), %,

Run Single-Faee Corrugating  Double-Face
Combination Liner Medium Liner
23A 78 0.3 8.4
231 7.4 8.0 7.5,
2IA 6.3 ' 76 6.7
248 86 7 5.0
25A 8.2 8.4 10.3
258 8.3 8.0 10.5
26A 74 .8 8.4
268 76 ! 7.5 82
9TA 70 6.5 8.7
27 65 6.0 9.0
28A 6.0 It 74
USH 72 55 8O
RISTY 7.4 7.7 R.2
208 7.3 8.6 8.0
J0A A8 6.3 .1
308 6o 7.2 69
3LA 60 .3 .3
3B a4 72 6.4
32A 5.8 68 0.3
328 7.4 73 [
$3A 62 6.6 75
338 6.0 61 # 8
JIA 6.7 i 0 Hd
3R T2 .0 (198
3HA Hol 0“7 7.4
Rk it R4 73

[n Table ¥V o compilation is given of the pertincnt
fabrication datu; this inehides information concerning
the machine speed, and the various temperature and
pressure readings taken during the fabrieation, Table
Voalso gives information reparding the number of sample

-
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boxes amd sumple sheets produced. The datn referred
to above were obtained and recorded by various repre-
sentatives of The Institute of Paper Chemistry who
were assigned to specific tasks and posifions about the
machine. At the single-facer, one representative measure!
the temperature at both the front aml the back of the
top and bottom corrugating rolls twice during each run
combination. Another representative recorded the tem-
perature readings for cach of the 22 hoy plaies for both
the A- and B-flute combining periods of cach run
combination. -Alnor pyrometers, which-had-been ehecked
for accuracy, were used in meaguring' the temperatures.
Temperature check (l].lglallh were tsed to assist the

observers in collecting and recording e data. “The

pressure of the steam being supplied to the hot-plate

S lmn Wik 1:}:0(41{0{1 .md ree m(lul dulmg., both the z\ l[uts'
and the B-flute combining periods of ea(*h run combi-
nation.

Ouc Institute representative was dbblp,ll(,d the re-
spousibility of checking, and recording the data that

were pertinent to the application of the stareh adhesive.

The charscteristies measured were: (f) the gel point of
the starch suspension in the supply tank, (2} the pH
of the suspension, (3) the temperature of the suspension
in the supply tank and in the muachine pan, (4) the

viscosity-of the.suspension in the_tank and in_the pan, _

amd (4) the speeific gravity of the starch suspension in
the supply tank. These data are given in Table VI; in
“meneral, they indicate that the starch suspension char-
acleristies were rather uniform throughout the run.

TABLE VI
DATA ON THE CORRUGATING ADIESIVE DURING FABRICATION RUN
Specific
Gel Temperatue, Viscosity, Ciravity Mixing
Puint °F, see,* in Room
pHl in Tank, Storage Starch Storage Starch Storage Temp.,
Time K, Tank Pan Tank Pan Tank I,
8:40 a1, 11.77 144 O8 N 31.0 1.075
9:20 1. 07 30.5 72
D50 aan, 08 o7 0.6 74
10:25 a.n. 150
10235 . : 10 101 20.3 27.0 )
16:55 a.m. ) ' 102 77
110 am. 102 30.0
11:20 a.m. 104 26.0 .
11:30 a.m., L, 65 05 08 20.5 26.0 77
12:00 p.na. 146 us8 30.0 27.0 1.075
1:00 p.m. LY a8 - 38.0 37.0
1:15 p.m. 100 35.0
130 pom. ' ' 160 33.0 3.0 81
101 103 32.0 31.0
102 103 30.0 20.5
11.30
153 10t ©OL06 20.0 27.0
10k 10G 27.0 270 1.075
107 108 29 0 26,5
1 25 106 104 3000 26.0 1.075
4:55 pom, 153 106 101 an.0 27.0 81

“The Tustitute of Paper Chemistiy viseometer (wator— 15 secomls at 72° 1)

&




TESTING PROCEDURES

The samples ‘obtained during the fabrication of thie
various run corabinations were forwarded to the Institute
where the testing program was carried out. The testing
program consisted of determining the physical char-
acteristics of (!} the component materinls from which
_the combined heard was produced, (2) _the_eombined

hoard from which the hoxes were produced, and (9)
the finished hoxes. ‘

CoMpPONENTS

A component sample may be defined as & sample of
the liner or of the corrugating medivin which is repre-
sentative of the material heing fabricated into combined
board at any specific sampling period of any given run
combination. In the Weight-Distribution Study, cach
component sample included specimens selected across
the full width of the rolls. The component samples were
preconditionced and conditioned before they were tested
for the following physical characteristics: busis weight,
caliper, bursting strength, G.E. puncture, Elmendorf
tear, Amthor tensile and streteh, and ving compression.
"The bursting strength values for the corrugating mediums
were obtained on both the “Jumbo” and the “Paper”
(Model C) bursting strength testers. Ring compression
tests were obtained on two sizes of specimens—2 x 4
in. and 6)4 x 34 in. The preconditioning, conditioning,
testing procedures, and numhber of specimens were
essentially the same as those given in Baseline Studies
I. Part 1T,

ComeixED Boarp Trsrs

Foliowing the fabrication of the selected rolls into
corrngated hoards and their subsequent conversion into
boxes, the “knockdown” hoxes were transported by
truck tu The Institute of Paper Chemistry, As soon as
the boxes were received, each specimen within cach run
combination or sample ot was stamped with a code
numbet which identified that particular ~aamiple lof,
Following the coding, the speciniens in eacl sumple lot,
were thoroughly shufiled. Ten “knockdown™ hoxes in
the case of the B-flute hoxes and live boxes in the casc
of the A-flute hoxes were withehawn for the combined
board tests. For the B-fllute boxes, an erpal nunber of
front and back specimens were selected, Within each
sample lot of B-Aute hoxes, the combined hoavd samples
tuken from the two positions were tested sepurately.
However, the results shown in the buely of thie report

~

are: the average of the résults thus obtained. The com-
bined board tests were carried out on the panels and
(laps of the boxes seleeted for testing from cach sample
lot. The number of specimens per sample and the com-
bined board tests performed were the same as outlined
 Bascline Studies 1, Part L.

board tests were preconditioned for at least 24 hours at
a relutive- humidity of not higher than 35% and at o
temperature of 73 £ 3.5° I*. Following the precondition-
ing, the samples were conditioned for at least 48 hours,
and were tested in an atmosphere of 50 + 29 relutive
humidity and o temperature of 73 + 3.5° F.

Box Tests

The specimens in cach sample lot were coded and
thoroughly shuffled to obtain random selection of cach
test specimen. In the case of the B-flute hoxes, in order
to compensate for any possible difference between the
hoxes made on the front side of the corrugator and those
made on the back side, equal numbers of the two types
of hoxes were tested und the results are given as the
average of the two tests. Both the A- and the B-flute
samples were tested for top- and end-foad compression:
In addition, the B-flute samples were tested in the smalt
revolving drom and the 12-inch eorner drop iest.

The number of specimens per sample and the testing
procedures used were the same as those outlined in
Baseline Studies 1. Part [I. Prior to testing, the boxes
were preconditioned for at least 24 hours in an atmos-
phere of 35 + 2%, relative humidity and a temperature
of 73 £ 3.5° I, They were then placed in an atmosphiere
ab 50 & 2%, relative humidity and o temperature of
73 £ 3.5° I, for 48 hones. At the end of this period the
hottom Haps of the hoxes were flexed and then were
sealed with stlicate of soda. Those hoxes which were
b b usend For the denm and drop Lests were loaded
with 24 No. 204 cans (filled with water) and the closure
was completed by flexing and sealing the top flaps.
Thoese hoxes which were to be used for the compression
te~t were not lojded. They were sealed by using sealing
buards to hold the flaps in place while the sodium
silicate adhesive dried. After the sealing operations, the
boxes were allowaed to condition 48 hours in an atmos-
phere of 50 + 2%, relative humidity and n temperature
of T3 & 3.5° I, hefore they wore tested.

The hox samples which were used for the combined




DISCUSSION

Tue Errect o Lixer WEIGHT -

Single-face  and  double-fuce liners are  struetural
elements of eombined board and boxes. As such, the
effect of their weight on the physical characteristics of
the combined hoards and boxes fabricated from them is
of importance in a weight-distribution study. “In—this
study of the effect of liner weight, “balanced” combined
hoards fabricated from 38-1h. DT, 42-1h. DY, 47-1b. WF,
and 47-1b. DT Fourdrinier kraft liners were considered.
In addition, one “unbalanced” combined hoard fabri-
cated with 47-1b. WF and 90-{h. WF Fourdrinier kraft
liners was tested. The term “unbalanced” is used to
indicate a board having single- and double-face liners of
different weights.

Tue Errecr ofF Liner WEeicaT ox Box
CHARACTERISTICS

The results of the physical tests on the A- and B-flute
boxes made from Run Combinations 23, 24, 25, 26, and
35 are given in Tables VIE and VIII, and arve graphically
presented in Figures 3 to 6, inclusive. In Figure 3, the
top- and end-load compression test values on A-flute
boxes are praphed against the average weight of the
liners used in their fabrication. The same type of graph
for the B-flute boxes is given in Tigure 4, In general,
both graphs indicate an increase in top- and end-load
compressive strengths as the liner weight is inereased.
The progressive increase in compressive strength of
both A- and B-flute boxes with increase in liner weight
was quite uniform for end-load compression, However,

1000~ —
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‘; L e == -
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o 400n
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Av.Liner WL Ib 408 432 48.1 50.9 676"
Run Comblration. 25 26 23 24 35

Freune: 3, Compression Tests vn A-Flute Boses Made
with Different, Weight Linces,

Top Load {0-0075 inch)
reveeeiee e bindd Load (0-0.50 inch)

* This value is the aversge of S Linee 48.0 and DU Jiner 87,2 [hs
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OF RESULTS

" the B-flute boxsamples showed a more uniform incrense
in top-load compression with increase in liner weight
than did the A-flute box sumples. An examination of
the results indicates thut, under the conditions of the
study and within the weight range invelved, the greater
the averuge weight of the liners used, the highcr the
compressive strength values of the corresponding boxes.

In addition to the compression tests, drum and drop
tests were-earried-out on the boxes-fabricated with the
B-tlute hoard. The results are given in Table VIil and
are shown graphically in Figures 5 and 6. Both the
drum and the drop test results indicate that the general
trend was for the values to increase as the weight of
the liners of the box increased. This trend was more
apparent in the drop test than in the drum test.

Tur ErrFecr oF Lixer Weront ox CoumpiNED Boarp
CUHARACTERISTICS

The results of the combined board tests on test speci-
mens taken from boxes made from Run Combinations
23, 24, 25, 26, and 35 are given in Tables IX and X for
A- and B-Hute, respectively. Graphs of the results of
the combined board tests vs. the average weight of the
single- and double-face liners arc given in Figures 7
and 8.

[t may be observed that there was a general tendency
for the bursting strength to incrense as the weight of
liners increased. This trend is more evident in the results
obtained on the B-flute samples than in those obtained
on the A-flute samples. A comparison of the combined
hoard test results obtained on the A- and B-Aute samples
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Fraurk 4 Compression Tests on B-Flute Boxes Made
with Different Weight Liners,

—————Top Lowd (0-0.75 inch)
- End Load (0~0.50 inch)

* Thas value is the average of S.F, Liner 48.3 and D_F, liner 87.1 1bs,
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PHYSICAL CHARACTERISTICS OF A-FLUTE COMBINED BOAlt!)b \[AUI' W[lf{ U[I'l' [' RENT \‘. H( lll LINERS

Aver I
Materials® Busia Bagiy
Weight  Weight . G, B, G b, Pin
Single- Double- of - of Com- Cali- Bursting  Punc- Stiff-  Adhe- . & D, Flat
Run Face Face Liners, bined Board, per, Strength,  ture, ness, ainn, Crush,
Combination  Liner Liner Ib. _points _ points  units units  _Ib.  lb./sq. in.
25 3&l1b. DF 38-lb. DF 40.8 124 173.5 245 248 96 16 27.0
26 42-1b, DF 42-1b. DF 43.2 130 177.8 236 267 102 47 27.0
23 47-Ih. WF 47-1b. WF 48,1 138 165.9 242 251 108 52 23.7
24 47-1b. DI 47-1b. DF 50.9 142 180.56 262 264 116 49 24.7
T sy’ b WF O o0db. WF 7.6 180 186.6 324 316 120 57 25.1
*26-1b. kraft corrugatmg, medium used in ca.ch comhmatlon
TABLE X . . ,
PIIYSICAL CHARACTERISTICS OF B-FLUTE COMBINED BOARD MADE WITH DIFFERENT WEIGHT LINERS
. Average
Materials* Busis Basis ) T
Weight  Weight G, G, B. Pin
" Single- Double- of of Com- Cali-  Bumsting  Pune- Stiff- Ache- H. & D. Flat
Rlun - Face Face Liners, bined Board, per, Strength,  ture, ness, sion, Crush,
Combination Liner Liner . points points units units ih.  1b./sq. in,
25 38-1b. DI 38-lb. DF 40.8 121 108.3 250 250 990 72 38.0
26 42-1b. DF 42-1b. DF 43.3 126 108.8 256 262 100 81 37.8
23 47-b. WI 47-lb. WF 47.8 . 135 110.0 259 243 108 a2 38.7
24 47-1b. DF 47-1b. DF 51.0 139 115.0 263 274 18 749 36.8
35 47-1b. WF 90-1b. WF 67.7 175 124.0 336 316 135 88 38.4
*26-1h. kraft corrugating medium used in each combination
16~
14}~
IZDF (4
-
100~ 53 loj-
o
[
80 a gl
< 2
] ]
“ 60 I & g
s
o
=
» 40 4
Z B
w
20~ 2
0 - 0
Av.Liner Wi, 1b. 408 433 478 510 - 6717 Av. Liner Wt 1o 408 433 478 510 677"
-Run Combingtlon. 25 26 23 24 35 Run Combmatien 25 26 23 24 15
Fraurr 5. Drum Tests on B-Flute Boxes Made with Fraure 6. Twelve-Inch Corner Drop Tests on B-Flute Boxes
Different Weight Liners, Made with Different Weight Liners.
* This value is the avernge of 81, liner 483 and DUF Tiner 87,8 e, * This vadne is the average of S.F. Liner 48,3 aned DU, Liner 87,1 [,
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FrGURE 7. Physical Characteristics of A-Flute Combined Board Made with Diffetent Weight Liners.
* This value is the average of 8.F. liner 48.0 and D.F. lner 87.2 1bs,
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Froure 8. Physieal Charaeteristics of B-Flute Combined Bourd Made with Difierent Weight Liners,

* This value is the average of 8.F. liner 48.3 and D.F, liner 87.1 Ibs.
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H. and D,
Flat Crush,
ib./sq. in.
B
38.0

A
27.0

Pin
Adhesion,
b,

units

G, k.
Stiffness,

BOARDS

G. k.
Puncture,
units
B
250

A
248
" 267

B

L XI
Bursting
Strength,

points

%

A
245

TABLT

COMPARISON OF COMBINED BOARD TESTS ON A- AND B-FLUTE

Caliper,
points

Basis
Weight,

ib,

Double-
Face
Liner

38%-b. DF -

Materials®

Single-
Face
Liner

38-b. DI"

Run
Combi-
nation

72
81

gy 46
47

96
102

[l

108.3

173.5

121

124

25
26
23

6.8

37.8°
38.7
3

27.0
23.7
24.7

$2
79

49

100
108
116
135

108
i16
129

262
274
316

264
H

256
259
263
336"

236
242
262
324

108.8
110.0
115.0
124.0

177.8
165.9
180.5
186.6

26
175

135
139

130
138
142
130

42-1h. DF
47-1b. WF
47-b. DF
90-1b. WF

42-1b. DF
47-1b. WF
47-b. DF
47-1b. WF

24
35
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strength values for the B-flute ~amples were higher
than  those obtained on the  corvespoling A-flute

samples.

The results of the G.K. punclare test indicate that
the greater the weight of the liners. the greater the-G.E.
puneture values. Also, there appears to be u tendency
for the G.E. puncture values on the A-flute sumples to
be higher than these obtained on the corresponding
B-flute samples.

The results of the G.I5. stilfness test on samples of
S —-- A= and B-llute corrugated hoard given i Tablos IX]X,
and X1 show that the stiffness vahies increase with
inerease in the weight of the liners. Also, the G.E.
stiffness results obtained on the A- ftute '-..unplt S uppesr
to be approximately ihe same as those oblained on the
corresponding B-flute samples. It might bhe expected,
from a consideration of the combinad board s w structure,
that the A-flute samples might exhibit higher GLE.
stiffness values than the B-flute samples heeause of the
thickness. However, the effect of. the greater thickness
of the A-flute board may be offsct by the greater number
of flutes per inch of the B-flute hoard. The effect of the
number of flutes per inch on the magnitude of the 1.
and D. flat erush values also may be observed when
the test values for the A- and B-flute board samples are
compared. The average Il. and D. flat crush values for
the B-flute samples were, in general, about 10 1b. per sq.

higher than the corresponding values for the A-
flute samples.

The H. and D. fat erush data given in Tables IX, X,
and XTI and in Figures 7 and 8 show that both the A-
and B-flute crush results were cuite uniform. This
indicates, as might be expected, that the properties
measured by the fat crush test are not dependent on
the strength characteristics of the liners. Rather, they
appear to be primarily dependent on the characteristics
of the corrugating medinm,

The bursting strength, G.E  puncture, and GUE.
stiffness appear to follrw the same frend—-namely, to
inerease with inerease in the weight of the Hoers. FThe box
tost. values likewise showed this same general trencd.
This would indicate that the above mentioned combined
board tests wonld show o high eorralation with box tests.
However, correlation based on only five run combinations
would not have much significance.

Puysican CHRARACTERISTICS 0F CoMpPoNENTS

The physical characteristies of the standard kraft
corrupating medium and the difierent weight liners used
in the fabrications of the A-flute eombined boards are
given in Table NII, Similar characteristics for the
components nsed to [abeicate the B-flute combinerd
hoards are given in Table XTEL [t may be vhserved in
Tables NII and NIIT that the 26-1b  kraft standavd
corrngating medium had rather aniform physical char-
acteristies. This is reflected in the uniformity of the
flut. crush results ohfained on the combined hoaed

21

*26-1b, kraft corrugating medium used in each combination
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B-flute were produced from 42-h. DI" Fourdrinier kraft
liners and four different types of corrngating meduoims-- -
i.e., kraft, chestnut, Chem Tibre, und straw.

LEFFECT OF TYPE OF CORRUGATING MEDIUM ON BOX 5 $00r-
CHARACTERISTICS L _ > . .
The eﬂ'ect of the type of corru;,atuu:, medium on I)mz E
.characteristics may be studied by examining the test g 400/~
data for Run Combinations 26, 27, 28, and 29. These -
data are given in Tables X1V and XV, and in Iigures <
. . 300
9-12, inclusive. E
- [ % - _— —— — - J ———

The compression test—data show that the—=A-flute
hoxes made with different types of corrugating mediums
gavcawuie range of compression resistance. For example, ) . . eo0r - S .-
the ‘average top-load compression value for the boxes
fabricated with Chem Fibre medium was approximately .
100 pounds greater than that for the boxes fabricated 100~
with kraft medium. A similar difference was shown be-
tween the corresponding averages obtained for end-load

compresston. The range of the averages exhibited by Ry —

the B-flute hoxes was much lower. This wus particularly Cortugoting Medium.  Kraft ChemFibre Chest-  Straw
noticeable for the top-load compression averages. Figures ~ Rue Gombination. 26 27 28 29
9 and 0 show that the relationship of the top-load Iieuke 10, Compression Tests on B-Flute Boxes Made
compression to end-load compression for the A-flute with Differént Corrugating Mediums.

————Top Load (0-0.75 inch)
____________________ End Load (0-0.50 inch)

800 boxes of each of the run combinations is more nearly
constant than the corresponding relationship for the
B-flute boxes.

7001~ The compression test data indicate that the boxes
made with- Chem Fibre corrugating medium had, in
general, higher compression values than those made
600 . sy with other types of corrugating mediums. The exeception
to this was the end-load compression test for the B-flute
hoxes, in which the 26-1b. kraft corrugating medium
500 and the 26-lb. chestnut medium gave considerably
higher values than the boxes made with the Chem
Fibre corrugating medium,

400 . In addition to the compression test, drum and drop
tosts were carried out on the B-flute can boxes of Run
. Combinations 26, 27, 28, and 29. The drum and drop
300 test data are presented in Table XV and are illustrated
graphically in Figures 11 and 12, respectively. In general,
the drum and drop tests appear to arrange the boxes
200~ of the four run combinations in about the same order.
The arrangement of corrugating mediums in order of
decreasing drum test values was kraft, straw, Chem
100}— Fibre, and chestnut. In order of decreasing drop test
the arrangement was kraft, Chem Fibre, straw, and
chestnut. The results indicate that the boxes made with
26-Ib. kraft corrugating were far more resistant to the
rough handling action of the drum or drop test than
were those made with other types of corrugating medium.
with Different Corrugating Mediums, The boxes made \\"ith the kraft corr_ugating medium -g:we

Pop Laad (0-0.75 inch) drum values which were approximately 63%, h.lghcr

. Bnd Load {0-0.50 inch) than those for the next lower sumple (straw medium).

24

Compression Losd,lb,

v

]
Corrugating Medium, Kraft Chem Fibra C:ﬁs't- Strow
Run Combination. 26 27 28 29
Fioure 9. Compression Tests on A-Flute Boxes Made
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Falls 10 Box Feilure

301

Kraft
26

0
GCorrugcting Medium, GChemFibre

_7

Straw
29

Chesi-
nut

Run Combination, 28

Fraure 11, Drum Tests on B-Flute Boxes Made
with Different Cerrugating Merdiums,

Similarly, for the drop test, the corresponding difference
was 56%. In both the drum and the drop test, the boxes
made with the chesthut corrugating medium gave the
lowest test results.

ErFect or Type oF CorrucaTiNG MEpfusm ox Coa-
BINED Boarp CHARACTERISTICS

The test results obtained on the combined bowrd
fubricuted with the same liners and with different types
of corrugating medium gave an opportunity to stuwdy the
effect of a change of corrugating medium on the results
obtained with the conventional combined board tests.
These results are given in Tables NV, XVl and NVIIIL
and are presented graphically in Figures 13 and 14, The
bursting strength values for the A-finte combined hourd
samples ranged from 236 to 247 pointz and for the
B-flute =amples from 251 to 266 points These values
indicate that the type of corrugating wmedinm had very
little inftuence on the bursting strength of the combined
boards fabricated from them. It may be noted that the
A-flute samples gave slightly lower hwsting ~trength
values than the corresponding B-flute samples,

The A- and B-flute combined houard samples fabricated
with kraft corrugating medium gave higher G . puncture
values than those samples fabricated with Chem Fibre,
chestnut, or straw corrugating mediums. For both the
A- and B-flute samples, the arrangement of the cor-
rugating medium samples it order of decreasing com-
bined hoard G.E. puncture values was kraft, Chem
I'ibre, straw, and chestnut. The G.l. puncture values
were approximately the same for the samples fabrieated

26

W i e EC TR R S % A
"L ’
12:-
10
ol [ —
2 b
L=}
.- R - -
5 —
[r+]
2 6
- - - I I -
o
[a)
4._.
2-..
0
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. nu
Run Gombingtion, 26 27 26 29

Freyne 12. Tweive-Inch Corner Drop Tests on B-Flute Boxes
Mude with Difierent Corrugating Mediums.

with the chestnut and straw mediums. It is apparent
that the characteristics of the corrugating mediums have
marked influences on the G.E. puncture results when
the ranges of the puncture results are considered. For
example, the range for the A-flute samples was from
210 tn 267 units and for the B-flute samples from 192
to 262 units. The G.F. puncture values were slightly
higher for the A-fute samples than for the B-flute
samples.

The A« and B-ilute combined board samples fabricated
with Chem Fibre gave the highest G140 stiffness values.
Theze values were considerably higher than those ob-
tained with samples fabricated with kraft, chestnut, or
straw medinms. The GUE. stilTness values for the corre-
<ponding samples of A-llute and B-flute were of the same
ordder of magnitude. Tnoa previous paragraph it was
mentioned that an A-flute board might be expected to
have o greater stiffness; however, the tdea was mentioned
that o B-fluie hoard had a greater number of flutes per
inch that the A-Hute board and that this might result
in corresponding samples of A- and B-flute having nearly
equal stiffness values. It may be noted that, although
the samples fabricated with kraft medium gave the
highest (.14 puncture averages, they gave G.I. stiffness
wverages colsiderably lower than those with Chem Tibre.
Thix imldigates that the GE. puncture test and the
G0 stillness test appear to measwre different physical
characteristivs of the beard. .

The results of the flat crush test show that the sample
fubricated with Chem Fibre medium had the highest
flat erush valies and the sample fabricated with straw

T
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TABLI
PHYSICAL CHARACTERISTICS OF A-

Xy T I S AR
FLUTE COMBINED BOARD MADL

-

WITH DIFFERENT CORRUGATING MEDIUMS

Run Basis )
Combi- Corrugating Weight, Caliper,
nation Medium* b points

26 26-1b, kraft " T 130 ° 177.8 °
27 26-1b, Chem Fibre 132 188.3
28 26-1b. chestnut 132 178.5
29 30-lb. straw 142 184.9

*The corrugating medium wasg combined with 42-Ib.. DF kraft liners,

TABLE

PHYSICAL CIIARACTERISTICS OF B-

I}ursting G. E, G, K, Pin  H. & I}, Flat
Stre_ngth, Puncture,  Stiffness,  Adheston, Crush,
points units units b, Ib. /aq. in.
236 T 267 102 W et
240 238 128 44 28.2
it 210 100 50 - 22.7
247 213 107 48 210
XV

- - —— -

FLUTE COMBINED BOARD MADLN

WITH DIFFERENT CORRUGATING MEDIUMS

Run Basis
Combi- Corrugating Weight, Caliper,
nation Medium* Ib, points
26 26-Ib. kraft 126 108.8
27 26-1b. Chem Fibre 125 118.0
28 26-1b, chestnut 126 117.4
20 30-1b, straw 133 118.4

*The corrugating medium was combined, with 42-Ib. DF kraft liners,

Bursting G.E. G. I Pin H. & D. Flat
Btrength, Puncture, Stiffness, Adhesion, Crush,
points units units Ib. 1b. /8q. in.
256 262 100 81 37.8
251 215 120 68 454
253 192 106 83 37.3
252 193 108 75 34.3

TABLE XVIII
COMPARISON OF COMBINED BOARD TESTS ON A- AND B-FLUTE BOARDS

ftun : Basis
Combi- Corrugating Weight, Caliper,
nation Mediam* Ih. points
A B A B
26 26-1b. kraft 130 126 177.8 108.8
27 26-1b, Chem Fibre, 132 125 188 3 118.0
28 26-Ib chestnut 132 126 178.5 117.4
24 30-1b. straw 142 133 184.9 118.4

#The gorrugating medium was eombined with 42-1b. DF kraft lingrs.

the lowest flat crush values. As previously mentioned,
the flat crush values appear to be dependent on the
quality of the corrugating medium. As might be expected,
the I and D. Hat crush values for the B-flute combined
hoard were higher than the corresponding valies for
the A-flute combined hnard,

PiysicaL CHARACTERISTICS OF COMPONENTS

The physical characteristics of the components used
in Run Combinations 26, 27, 28, and 29 (boxes and
combined hoards [abricated with different types of
corrugating mediums) are given in Tables XIX and XX

. Examination of the test results for the corrugating

rediums indieated that, for a majority of the strength
tests, the arrangements of the samples in order of de-
creasing test values were practically the same, The
most frequent arrangement was kraft, Chem Fibre,
chestaut, and straw, Occasionally, the chestoub and the

Bursting G. E. G. 1. Pin H. and D.
Strength, Puancture, Stiffncsy,  Adhesion,  Flat Crush,
points units uuils b, 1b. fsq, in.

A B A B A B A B A. B
236 256 267 262 102 100 47 81 27.0 37.8
240 251 238 215 128 120 4G 68 28.2 45.0
244 253 210 12 [0 106 5 83 22.7 37.3
247 252 213 193 ‘ 107 108 48 7t 21.0 313

straw exhibited reversed positions in the order but, in
such instances, the values were practically the same.
"The ahove ohscrvations were essentially the sume for
the components useel in the A-flute bourd as for those
used in the B-flute board, This, of course, was to be
expected since the components for the two types of
board were sampled from different sections of the sume
rolls.

Tus Brrect oF Postrion oF [iNunrs oF DIFFERENT
Werairs

Fevrcr orF Liner Posrrion oN Box CHARACTERISTICS

The fabrication schedule was carried oub in such u
manner that a number of Bun Combinafions (30, 31,
32, 33, 34, and 35) furnished material which, on testing,
gave information regarding the behuvior of hoxes maude
with different weights of single- and double-face liners.
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boxes of these run combinations are given in Tables
XXI and XXII, respectively, and are graphically pre-
sented in Figures 15 to 20, inclusive. In addition to the
data on the boxes from unbalunced board, data obtained
on boxes made from bualaneed board (Run Combinations
23 and_26) were included for comparative purposes. For.
example, the test results obtained for Run Combination
23 (47-Ib. WF kraft liner, 26-1b. kraft medium, 47-1b.
WF kraft liner)—a balanced board—have been included
for comparison with the results obtained for Run Com-
bination 30 (42-1b. DI kraft liner, 26-1b. kraft medium,

-52-b. WF kraft liner) and-Run-Combination-31 (52-b.-

WF kraft liner, 26-lb. kraft mediam, 42-1b. DT kraft
liner)—both unbalanced boards with respect to liner
weights (see Figures 15 and 16).

A study of the compression data for the run wmbum
tions mentioned above did not show any clearly defined
relationship between compressne strength and the
position of the heavier and presumably stronger liner.
However, for samples having the same total liner weight,
the following observations were made. There appeared
to be a tendency for the boxes with the heaver liner on
the inside and the lighter liner on the outside to give
higher top-load compression values than those with the

liners in the reverse positions. This was particularly

apparent for boxes of Run Combinations 34 and 35, in
which the liner weight differential was the greatest.
Conversely, there appeared to be a tendency for the
boxes fabricated with the heavier liner on the outside
and the lighter liner on the inside to give higher end-load
compression values than those with the liners in the
reverse positions. The B-flute hoxes fabricated from the
balanced combined board gave higher end-load com-
pression than the corresponding boxes fabricated from
unbalanced combined board. The significance to he
attached to the above observations is limited by the
possihility that the variation between samples frequently
appeared $0 be less thun the variation between specimens
of the same sample.

The drum and drop test results on the B-flute boxes
are shown graphically in Figures 17 and 18. The follow-
ing ohservations were made for boxes having the same
total liner weight. The drum and drop test values, in
general, were higher for the hoxes which had the heavier
liner on the inside and the lighter liner on the outside
than for the boxes having the reverse arrangement of
liners. This observation seems plausible when it is re-
called that the B-flute hoxes were lvaded with filled
cans during the testing, and that the cans exerted out-
ward forces upon the scorelines of the boxes. The
additional strength of the heavier inside liner seemed to
be beneficial in resisting these forces. The drop test
averages for Run Combinations 34 and 35 were apparent-
ly exceptions to the above ohservations since they were
essentially the sume, even though the heavier liners

. Crat e, S iss
T LA LI PLITOR S PRI

.. e ey
mth bal‘mced (,umlnned board gave: twer dmp toqt
values than the corresponding hoxes fabricated with

unbalanced combined board.

ErFect oF Laxen Postrion ox Coumsixep Boarp
CHARACTERISTICS .. . ) ; -

The effect of liner position on combined board char-
acteristics may be studied hy means of the data of
Tables XXIII, XX1IV, and XXV. These data are shown
graphically in Figures 19 and 20. Examination of the
test data for the balanced and unbalanced boards having.

“the same total liner \\'(,u,ht. indicated the following points.
There was a slight tendeney for the bursting strength

- values of the A-flute-hoards to be-higher for those boards

having the lighter liner on the single face and the heavier
liner on the double face than for those having the liners
in the reverse position. Also, the former gave higher
bursting strength values than the balanced boards. There
was a slight tendency for bursting strength values of the
B-flute board to be higher for those boards having the
lighter liner on the-single face and the heavier liner on
the double face than. for those boards having the liners
in the reverse position; however, the balanced boards
gave values equal to or slightly higher than the former
hoards. Usually, the bursting strength values of the
B-flute samples were higher than those of the corre-
sponding A-flute snmples.

With certain exceptions in Run Combinations 34 and
35, the combined boards having the lighter liner on the
single face and the heavier liner on the double fuce
appeared to give lower G.E. puncture averages than
the boards having the reversed arrangement of liners.
It should be mentioned in this regard that the G.E.
puncture tests were made with the punecture head
contacting the double-face liner first. The GLE. puncture
values for the balanced B-flute board were higher than
those for the corresponding unbalanced board; however,
this was not always true for the A-Aute hoard.

For both A- and B-flute combined boards, the G.E.
stifiness values were higher for the boards produced
with the heavier liner on the single face and the lighter
liner on the double face than for those produced with
the liners in the reverse position. The G.E. stiffness
values of the balanced boards wwere lower than those of
the unbalanced boards. The G.E. stiffness values ob-
tained or the A-flute samples were approximately the
same as the values obtained on the corresponding B-flute
samples,

Prysical CHARACTERISTICS OF COMPONENTS

Fhe physical characteristies of the liners and cor-
rugating mediums used in Run Combinations 23, 26,

A0, 31, 32, 33, 34, and 35 are given in Tables XX VI

32

and’ XX VIL
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Frevg 15, Compression Tests on A-Flute Boves Made with Single- and Double-Face Liners of Different Weights.

Top Lowd (0-0.75 inch) .
w il Load (0-0.50 inch)

* Run Combination 32 20 33 30 23 31 35 34
8.F. Liner Wt,, lb.  39.4 42.8 47.8 43.3 47.9 51.9 48.0 87.9
N.F. Liner Wt., Ih.  48.0 43.7 40 2 a8 48 3 43 .4 87.2 48.0
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Frevee 16, Campeession Teat< on B-Flute Boaes Mide with Single- sl Donble-Face Linors of Different Weights,

cemee = Tapy Do (0-0,75 ineh)
Fnd Laadd (8-0.50 tuek)
* Run Combinatio 32 26 w3 30 23 31 35 31
S.F, Liner Wt b, 01 42,0 A8 0 434 A7 521 48.3 88.5
LE Liner We L I, 47 0 4.7 35 22 A7.6 43 4 . KT 47 4
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Fraure 17, Drum Tests on B-Flute Boves Made with Single- and Double-Faee Liners of Different Weights,
* Itun Combination 32 26 33 30 23 31 35 3
S F, Liner Wt.,, Ih. 40 1 42.0 48.0 43 3 479 52,1 48 3 88.5
NLF. Liner Wt b, 47.90 43.7 34,5 H2.2 47.0 43.4 87.1 474
18—
16—
TS
2
N T
a3
o
o 10
o
@ 8l—
a
o
a 6—
4'-‘— 13
2
. 0‘.
Av.Liner Wt ib. 44.0 43.3 438 478 47.8 47.8 67.7 68.2

Run Gombination. 32 26 33 30 23 31 35 34
Fiouri 18, Twelve-Inch Corner Drop Tests on B-Flute Boses Made with Single- and Double-Face Finers of Different Weights,
* Run Combination 32 26 a3 50 23 $t 25 3l
8.F. Liner Wt., th, 40,1 420 BRI 133 47N H 48 3 88 5
ILF. Liner We, b, 47 v 437 Rithe EREN +7.6 43,1 STt 7.9
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TABLE X NITI o

PHYVSICAL CHARACTERISTICS OF A-FLUTE COMBINED BOARD MADE Wi
SINGLE- AND DOUBLE-FACE LINERS OF DIFFERENT WEIGHTS

Materinls* Avernge
-—- B L T 1 Gl B (S D9 Pin
Run Ringle- Danble- Weight of  Busis Buesting  Pune- Stiff- Adhe- H. & D. Fiat
-Combi- - - Iace - Faew Liners, = Weight,  Caliper,  Strength, ture, = ness, ° sion, “Crush,” 7
nation Liner Liner 1b, Ib, points points units umnits 1b, L. /s in.
23 47-1b. W H7-lh, W 48 .1 118 B LTt 242 251 108 e 23.7
30 42-1h. DI 52-lh. WI° 47.6 137 177 8 251 258 17 41 23 6
31 52-h. WF 42-1b. DV 47 B 136 174 4 258 243 W 40 27
TT26T T a2BTDET T s2ab WE T T@27 T oo CTIFS T T e T sy loz 47 2ol
32 38-1b. DK 471h, WI 3 7 130 175 5 230 252 108 44 21 3
337 T arbhowr T UEML.DE T e e amea T 228 96 U3 o T2a
3 30-1h. WF 47-1h, WF i’ 0 . 178 1SL.0 322 349 ) 130 60 25 6
35 47-Ib, WFE 0-1h, WEI 67 6 180 1866 324 346 124 57 25.1
*26-1b. kraft corrugating medium was used in each eombination,
TABLE XXIV .
N PHYSICAL CHARACTERISTICS OF B-FLUTE COMBINED BOARD MADE WITH
SINGLE- AND DOUBLE-FACE LINKRS OF DIFFERENT WEIGHTS
Materinls* Average
Basis G. B, G L, Pin
Run Single- Double- Weight of  DBasis Bursting  Dunc- Stiff-  Adhe- I, & D. Flat
Combi- Fuce Face Liners, Waight, Caliper, Strength, ture, ness, 8ion, Crush,.
nation Liner Liner Ib, 1h. points points units units Ib., 1b. /sq. in.
23 47-Ih. WI 47-lh. WF 47.8 135 110 0 250 243 108 B2 38.7
30 42-1b. DF 52-h. WF 47 8 124 106 0 254 221 101 72 32.9
31 52-1h. WF 52-1h. DF 47 & 133 115 3 218 237 114 82 36 7
2.6 42-1h, DF 42-1h, DF 433 126 108, 8 206 262 100 81 37 8
32 38-Ih. DF 47.lb. W 0 127 112.6 2kl 222 101 &7 40-0
33 47-1b. WF 38-lh. DF 13 8 127 113.3 214 224 110 B 40.49
Sit 90-1bh. WK 47-1h. WE (8.2 174 120, 2 326 305 134 87 36.1
35 47-1h, WF 90-1h. WF 0T 7 175 124.0 336 J15 135 88 ' 38 4

'
*26-1b, kraft corrugating medium was used in eneh of these combinations.
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FiGure 19, Physical Characteristics of A-Flute Combineid Board Muade with Single- and Double-Face Liners of Different Weights.
The basis weights for the 5.F, and D.F, liners are given in the footnotes of Figure 15,
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FFicure 200 Physieal Characteristios of B-IYhute Combined Board Made with Single- and Double-Face Lineis of Dilforent Weights.
The basis weights for the 8.1, and D.F, liners are given in the footnotes of Figure 16
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APPENDIX A

In order to obtain u more comprehensive insight into
the relationships between weight and combined bourd
or box tests, the duta obtained on the ten run combina-
tions listed in Table XXVILI were subjected to sta-

this type of analysis are given in Baseline Studies 1.
Part II. . L
The first phase of Lhe analysis was concerned with the
determination of the relationships between the basis
weight of the combined hoard and combined board
tests, and alse the box compression test. The degree 1o
which two charaeteristics are related may be expressed
in terms of the correlation coefBeient. The correlution
cocflicients of the basis weight and combined hoard and
box tests are presented in Table XXIX. The magnitude
of the correlation coctiicients indicates that, for the run
‘combinations eonsidered, all the combined hoard tests
except flat crush and pin adhesion correlate highly
with the weight of the combined board. Inasmuch as
Jall the run combinations under consideration were
fabricated using the same corrugating medium (which
was selected on the basts of its uniformity), the change
in the basis weight of the cuinbined board was the result
of the selection of the liners. Thus, the luck of correlution
of basis weight and Hat crush indicates that the flat
crush may be dependent on the characteristics of the
corrngated medinm and that the lners have little
influence.

TABLE XXVIII
NOAINAL AND ACTUAL BARIS WEIGIITS O 111
COMPONENT LINERR AND COMBINED BOARD
ORED IN THE STATISTICAL STUDERES
A-FLUTE BOARDS
Combinel

Single Face Double Face

Run - - —  Boawd
Combi- Nominal, Actual, Nowminnl, Actial,  Actnal,
nation Ih, 1b, I, Ih. ih.

2 47 W 47.9 47 Wr RN 138

24 47 DF 5.8 47 DV 31.0 142

25 B DF 406 38 DI HH 124

26 42 DI 42,8 12 DI 43.7 130

Rl 42 DI 43.3 N2 WE © 51 8 1306

St 52 WF HY IRt 42 DK 43.4 13t

32 38 DI 39.4 47T WE 7 48.0 130

33 47 W 47.8 38 D 40.2 130

3 a0 WE 8740 A7 WF 48.0 178

35 37T WFEF 48.0 90 Wl 87 2 1&N

YB-ILGTE BOARDS

23 47 WF 474 47 WIY 47.6 135

24 47 DF U 47 DF 51,1 1349

P 38 DF 407 38 DI 410 121

20 12 DY 420 42 DE 437 126

30 2Dy 43,43 32 WF 52 2 124

31 MW . 42 5.4 133

R4 B DF 40,1 47 WK 47 .4 127

K] 47T WE 48.0 38 DF A0 5 127

31 oy Wr 88.4 17 W 7.4 174

B 17 WK 483 1y Wy 87t 1743

=« tistical analysis~"The theory and methods employved in™ -

The correlation coefficients for the basis weight and
box compression tests indicate that, for the samples
included in this study, the top- and end-load compression
tests correlated highly with the weight of the combined
Board: T Tt Tm

In interpreting the above correlations it should be

-borne -in mind that- the -ten samples included-in. this

- LD

analysis covered a rather wide range of basis weights and,
thus, would be conducive to hetter correlation than
would normally bhe cxpected if a greater number of
samples hacd been included in the same range. However,
a greater number of samples would improve the precision
of the prediction. The results do indicate the trend to
be expected when considering eombined board and hoxes
fabrieated from the same corrugating medium and liners
of different basis weight made from the same pulp.

In addition to the determination of the simple corve-
lntion eoefticients presented in Table XXIX an analysis
was also made of the relationship between the basis
weight of the liners and box compression tests. The
purpose of this analysis was to determine if the box
compression values could be predicted on the basis of
the basis weight of the liner alone, inasmuch as the
liners were made from relatively the same pulp and on
the same paper machine but in different basis weight
ranges, In this type of analysis, it is necessary to deter-
mine the appropriate weight factors which should be
assigned to the basis weight value for both the single-

TABLE XXIX
CORRFLATION COUFFICIENTS OF BASIS WEIGHT
ANTY OTIHER COMBINED BOARD AND BOX TESTS

Basis Weight of Combinel
Board, Ib,

A-Flate B-Flute
Bursting strength, points. ...... .., +0.97 +0.97
G.E. puncture, units. . ......... ..., +0.97 +0.88
GLE. stiffnesy, units. . .. . ... . +0.93 +0.06
Pin adhesion, Ib... . .. . . .. .0 40.79 +0.56
H. uted D, flat crush, 1b, fsq. in. ... +-0.01 -0. 14
Top-load compression, Ih...... ... .. +4-0.490 +0.95
Fnd-load compression, Th. . =006 +0.90

TABLE XXX

WEIGHT FACTORS FOR BASIS WEIGILT OF LINERS
IN PREDICTING COMPRESSIVE STRENGTHS

Top-loasl Compression
A-Flute B-Flude

+0.9u8

Fnd-load Compression
A-Tlute B-Flute

1. Correlation

cofficiont, 004

0,97 +0 0

. Single face 6. 274834 4 321602 5.,082222 b H7200M
. Double face 3, 884537 2 BARATO 6 252078 T 275705
. Numerical

constant 382,400 231,368 43 138 22 020

* Maximum lowl sustained in deflection range 6-0.75 inch
FA i load sustained in deflection range -0 &G inch

wree
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face and double-face liners. The weight factors are
tetermined by a statistical techinique known as multiple
regression. The weight factors determined for the basis
weight of the liners used in the ten run combinations
under consideration are given -in Table - XXX. The
weight factors presented in Table XXX have been used
in predieting the box compression values based on weight
of the liners. It may be obscrved that, when top-load
compression i3 being considered, the single-face liner

—- =

DAY - -
CEETE . it

AR ;a-‘.\n

e By e e

Sizpl e,
"fiwm Vo ¥ _f. {unb‘

has a much higher weight factor than the double-face
liner. This would indicate that, if one liner of 4 box is
to be heuvier than the other, the heavy liner should be
placed on the single face to ol)tun the greater advantage
in-increasing top-load-compression. The above placement
of liners should be reversed when end-load compression
is being considered. A comparison of the predicted and
observed compression values is given in Table XX X1

* s da

Tik 1 ju.;mu,. ‘,Jl

and Figures 21 to 24.

TABLE XXXI
_ T'HE}’lﬁl!".l)l(_}'l‘i()x\.’ OF COMPRESSIVE STRENGTII FROM BASIS WEIGHT OF LINERS

Top-tomnd Compression*

Eund-lowd Compressiont

Itun A-llute B-Flute A-Flute B-l'hate

Combi-

nation Predicted Observed Predicted Observed Predicted Ohserved Predicted Ohserved
23 872 931 368 561 633 676 637 633
24 898 y38 590 592 667 687 678 777
25 785 777 519 516 513 504 547 541
26 817 705 535 544 573 546 579 637
30 862 834 559 567 627 652 642 633
31 883 810 574 582 26 643 628 572
32 818 857 534 503 580 546 504 495
33 840 848 546 562 581 601 577 v 570
34 1119 1117 743 738 870 852 stid %43
35 1021 1009 673 677 876 808 025 915

*Maximumn load sustained.in the deflection range 0-0.75 inch
tMaximiun load sustained in the deflection range 0-0.50 inch

%ﬁwi"’“‘:
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APPENDIX B
PULP CHARACTERISTICS

The kraft liners and the 26-lb. kraft corrugating
medium used in the Weight-Distribution Study were .
produced at St. Joe Paper Company, Port 8t Joe, ad S
Florida, on one Fourdrinier machine from approximately
the same pulp. Table XXXII gives a few of the chemical

Yesr Factot
Fr)

o

-

characteristics of the pulps and Table XXXIII gives D .
the beating characteristics. =
The pulps were beaten in a laboratory beater according s2r

to Institute Method 410 and were formed into hand
shects which were evaluated for the various strength
- tests indicated in Table XXXIIL. The beating curves
for the pulps are given in Figures 25 to 29.

Schopper Tanmle, 16 paran
- _' ~
-

E_‘_D\ '
v
]

TABLE XXXII -
CITARACTERISTICS OF THE KRAFT PULDPS USED FOR g‘z" e — T
THE LINERS OF THE WEIGIT DISTRIBUTION STUDY 3100¢
Chlorine Perman- g;“*
Pulp Number,*  Lignin, ganute 5 6ot
% % Number} Tl
381b. DF....... ... ... 10.1 8.2 30.6 H
42db. DF. 8.4 6.9 28.1 s o
47-lb. DF and WF.... ... 7.9 6.9 27.8 ;
52-b, WE, ... . ... 9.6 8.2 30.0 M
00-1b, WE, ..., ... 8.1 6.7 28.0 g o
*Institute Method 408 S S0 806 T T M TR
tnstitute Method 428 Schoapu: -Ringlar Frasnsse, co
{Institute Method 410 FiaurE 25. Benting Characteristics of Kraft Pulp
Note: These data are reported on thc ovendr) basis, Used for the 38-1b. DF Liner.

TABLE XXXIII
BEATING CHARACTERISTICS OF THE KRAFT PULPS USED FOR TIHE LINERS
OF THE WEIGIT DISTRIBUTION STUDY

Schopper- Basis Bursting
Beating Riegler Weight Strength, Elmendorf Schopper Schopper
"Time, Freeness, (25 x 40—500), points per Tear *Tensile, Stretch,
min. cc. at 20° C. Ib. 100 Ib. Factor Ib. fin. %
Pulp for 38-1h. DF Liner
0 805 43.9 39 3.73 10.8 2.0
5 885 46,1 66 2.86 16.0 2.1
15 880 17.8 87 2 40 20.5 3.0
30 830 17.1 104 .87 21.6 34
50 435 43 6 120 L0 28.1 4.1
Pulp for 42-lb, DI Liner
0 890 47.0 46 . 3.2 10.9 2.0
5 885 47.4 70 2.97 16.7 2.4
15 865 47.0 a0 2 30 20.2 2.9
30 775 48.0 106 1.81 26.7 3.5
50 395 17.2 125 L.55 30.4 3.9
Pulp for 47-1b, DF and WF Liners
0 890 45.2 48 3.63 12.1 2.4
5 875 46.3 72 2.83 17.5 29
15 865 45.6 06 2.13 22.2 3.1
30 760 46.5 119 178 25.9 3.5
50 360 45.4 128 L 50 28.7 38
Pulp for 52-1y, WF Liner
0 865 45.4 4 3.16 8.6 1.8
5 875 16.8 68 2 59 17.5 2.4
15 865 46.5 88 2.19 21.1 2.7
30 820 45 4 107 1.85 25.0 3.0
50 390 45.8 e L.46 27.3 3.6
Pulp for 90-1b, WI Liner
0 890 45.1 i 3.61 11.7 2.1
5 885 45.8 71 2.71 17.3 2.6
15 875 50.7 05 2.23 23.7 2.8
30 765 15.7 110 1.75 20.2 3.1
50 360 15 8§ 122 i.16 29.7 3.k
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