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A STUDY OF PAPERBOARD QUALITY AS-RELATED-TO BOX PERFORMANCE - . -

BaseLINE Stupies 1. THE EVALUATION 0F CURRENT KRAFT LINERS AND CORRUGATING MEDIUMS

Part 2. CoMBINED BOARDS AND BOXES

- - - INTRODUCTION--- -- - --

In 1944 the Fourdrinier Kraft Board Institute, Inc.
- initiated a long-range program of co-operative research
and development at The Institute of Paper Chemistry.
This program has as its broad objective the develop-
ment of basic information needed for improving the
measurement and control of the quality of paperboard
boxes and their components.

In any long-range research enterprise in which the
trend of the quality of materials or commodities is to
be followed, it is important to first establish a baseline.
This baseline can then be used as a reference point
throughout the study.

In this particular project, it was decided that the
baseline should be established by determining an index
of the quality of the current paperboard production of
the co-operating mills.

The first phase of the baseline study (Part I) was
concerned with the problem of sampling, in a truly
impartial cross-sectional manner, the current routine
production of the co-operating mills and evaluating
these samples as completely as possible by means of
existing board-testing methods. This phase of the
study has been covered in detail in the report entitled
“Baseline studies 1. The evaluation of current kraft
liners and corrugating mediums,” issued in October,
1945. .

The second phase of the baseline study (Part IT),
the subject of this report, is concerned with (1} the
selection of the most representative roll or rolls of each
mill’s sampled production, (2} the fabrication of these
representative rolls into corrugated combined boards
and conversion of these combined boards into boxes,
and (3) laboratory evaluation of these boxes and their
components by means of conventional board and box-
testing methods. The corrugating operation and the
conversion into boxes was carricd out by The Institute
of Paper Chemistry in co-operation with an impartial
boxmaker under carefully controlled, but normal, con-
ditions of manufacture.

The objectives of this phase of the baseline study
were threefold. First, the study was to provide ad-
ditional data required for the establishment of the
current quality index, or baseline—namely, data on
combined board and boxes. Second, the study was to
provide information concerning the deviation in test
values which may be expected when paperboards are
converted under closely controlled conditions of cor-
rugating and boxmaking. Third, the additional data
on combined boards and boxes were intended to pro-

-vide each-mill with-a further means of.comparing the

quality of its product with that of the other mills co-
operating in this study.

SUMMARY

The B-flute combined boards resulting from the vari-
ous combinations of liners and corrugating mediums
selected in this study were fabricated consecutively on
the same corrugator and by the same operating crew.
The various combinations of liners and corrugating
mediums are designated as “run combinations”
throughout this. report. Combined board for testing
and blanks for conversion into boxes were made with
the corrugator operating at a speed of 300 to 325 lineal
feet per minute. In so far as possible, the same machine

.settings and adjustments were used on all the run

combinations. Following the fabrication operation, the
box blanks were printed, scored, and slotted on the
same printer-slotter. The printed, scored, and slotted
blanks were made up into RSC 24 No. 2} can-size
boxes with stitched joints.

Samples of component materials, combined board,
and boxes were taken from each run. All samples were
preconditioned at 35% relative humidity prior to being
conditioned and tested in an atmosphere maintained at
50+ 29, relative humidity and a temperature of
73£3.5° F.

The physical tests carried out on the components
were basis weight, moisture content, bursting strength,
G. E. puncture, Elmendorf tear, ring compression
(Richle), and Amthor tensile and stretch. The com-
hined board samples were tested for basis weight,
mojsture content, bursting strength, G. E. puncture,
G. L. stiffness, pin adhesion, and flat crush. Top- and
end-load compression, drum, and 12-inch corner drop
test values were determined on the boxes.

Rux CoMBINATIONS 1-8

The results of the physical tests on the boxes result-
ing from Run Combinations 1 through 8-—standard
liners fabricated with cach mill’s average corrugating
medium-—show that the average test characteristics
were as follows:

Top-load compression, Ib. (in deflection range 0-0.75 in.) 477
Tnd-load compression, Ib. (in deflection range 0-0.50 in.) 563
Drum, falls to hox failure 4-; 9

Drop, drops to box failure

There was considerable variation in the test results ob-
tained for the boxes in this serics. For example, the




drum, drop, and compression results for the boxes
made from Run Combinations 6 and 8 were above the
average and the corresponding test results for Run

Combinations 5 and 7 were consistently below the
average for the group.

The results of the physical tests on the combined
board samples taken from the boxes made in this series
show that the average characteristics were as follows:

—Basis weight, 1b./1000 sq. ft:— - - 121 - -

Moisture, % at 50% relative hum;dlty 8.}
Bursting strength, points 234
G. E. puncture, units 208

“G. E:stifiness, units ~ - - - 8 - -

Pin adhesion, tb. 68
Flat crush, Ib./sq. in,

The bursting strength results for all the combined
board samples in this series were in excess of 200 points.
There was more variation in the G. E. puncture values
than in the bursting strength values. For example, the
difference between the maximum and minimum sample
averages of the bursting strength amounted to only 20
points. On the other hand, the difference between the
maximum and minimum sample averages for the G. 5.
puncture was 57 units. The combined board samples
from Run Combinations 5 and 7 had the lowest G. E.
puncture values and the boxes made from thesc com-
bined boards also had the lowest drum, drop, and
compression values.

Rux CoMBINATIONS 9-18

The data obtained on boxes made from Run Com-
binations 9 through 18—standard corrugating medium
fabricated with a set of each mill’s average liner—
indicate that the average quality of the boxes in this
series was as follows:

Top-load compression, 1b. (in deflection range 0-0.75 in.) 476
End-load compression, 1b. (in deflection range 0-0.50in.} 580
rum, falls to box failure 53
Draop, drops to box failure 9.2

The results of the physical tests on the boxes made
from Run Combinations 10, 11, and 12 were substan-
tially above the group average and those from Run
Combinations 13, 17, and 18 were consistently lower
than the group average. The drum test results on the
boxes in this series ranked the boxes in approximately
the same order as the drop test results. The same be-
havior was noted in the results of the drum and drop
tests on boxes made from Run Combinations 1 through
8.

The data on combined board samples taken from
boxes made from Run Combinations 9 through 18
show that the average physical characteristics of the
combined board were as follows:

_ Basis weight, 1b./1000 sq. t. 122
Moisture, % at 50% relative humidity 8.0
Bursting strength, points 230
G. E. puncture, units 21
G, E. stiffness, units 87
Pin adhesion, b, 74

Flat crush, 1b./sq. in. 26.2

The bursting strength data show that the combined
board from all the run combinations in this series had
a bursting strength in excess of 200 points, except Run

Combination 13 which averaged 183 points. All the
G. E. puncture values were above 200 units, except for
Run Combinations 13 and 18 which had G. E. punc-
" ture values of 191 and 176 units, respectively. - -

Run ComBINAaTIONS 19-22

The results of the physical tests on the boxes made
from the combined boards fabricated in Run Combina-
_tions 19 through 22—various combinations of high-
and low-test liners and corrugating mediums—indicate”™
that the physical characteristics of the liners had a

greater-influence on the drum and.drop-results than...

did the physical characteristics of the corrugating
medium. On the other hand, the quality of the cor-
rugating medium appeared to influence the results of
the compression tests to a greater extent than did the
quality of the liners.

The combined board test data obtained for this series
indicate that the bursting strength test was more de-
pendent on the strength of the liners than on the
strength of the corrugating medium. On the other
hand, the G.I. puncture test appears to be influenced
more by the physical characteristics of the corrugating
medium than by the physical characteristics of the
liners.

CORRELATION COEFFICIENTS

In order to determine the relationships between the
results of (1) combined board and box tests and (2)
components and box tests, the data obtained for the
twenty-two run combinations were subjected to statis-
tical analysis. The relationships have been expressed in
terms of correlation coefficients.

The following observations were noted from the
results of the correlation of combined board and box
tests:

1. The drum and drop test results indicate a high
degree of correlation. On the basis of the boxes tested,
a box with a high drum value would have, in general,
a correspondingly high drop test value,

2. The top- and end-load compression values—in
the defiection range 0-0.75 and 0-0.50 inch, respec-
tively—show fairly good correlation.

3. The correlation coeflicients obtained for the drum
or drop and the top- or end-load compression tests
show that neither the drum nor the drop test cor-
relates very highly with either the top- or end-load
compression test. In other words, they indicate that
the magnitude of the top- or end-load compression
value—in deflection ranges 0-0.75 and 0-0.50 inch,
respectively—is a poor criterion of box performance as
measured by the drum or 12-inch corner drop test.

4. The correlation coefficients obtained for the test
data on the combined boards used in this study show
that the bursting strength has very poor correlation
with any of the other combined board tests. The same
may be said about the pin adhesion test.

5. G. E. puncture correlates well with G. E. stiffness
and fairly well with flat crush.

6. The correlation coeflicient for the bursting




strength and G. E. puncture results was +0.48. This
indicates that the bursting strength and G. E. punc-
ture tests do not measure exactly the same physical
characteristics of the combined board. Thercfore, pre-
dictions of combined board quality based on one of
these tests would not necessarily parallel those based
on the other test.

7. The corrclation coeflicients for combined beard
and box test results indicate that, on the basis of the
samples tested, the G. E. puncture test, as a single
test for combined board, is probably a better criterion

-of the ‘top--or end-load compression, drum,-or drop:

tests than is the bursting strength, pin adhesion, G. E.
_stiffness, or flat crush test.

8. By means of a statistical technique known as
multiple regression, the bursting strength, G. E. punc-
ture, and pin adhesion results obtained on the com-
bined boards have been used to predict the probable
drum and drop tests on the boxes made from these
combined boards. The {multiple) correlation coefficient
for the predicted and observed drum test was +0.86
and for the drop test was +0.91.°

9. When based solely on the G. E. puncture test
results, the predicted and observed top- and end-lead
compression values had correlation coefficients of
+0.90 and +0.91, respectively.

The following conclusions may be drawn from the

. results of the correlation of the components and box

tests:

1. Inspection of the relationships (a) between the
results of the different component tests and (b) be-
tween component and box tests indicates that average
Elmendorf tear (average of the machine and across-
machine direction results), Amthor stretch in the
across-machine direction, bursting strength, and G. E.
puncture tests measured many of the physical char-
acteristics of the component materials which had an
important influence on the laboratory performance of
the boxes considered in this study.

2. Average Elmendorf tear and Amthor stretch
values in the across-machine direction for the three
componcents—single-face liner, corrugating medium,
and double-face liner—when properly weighted (by
multiple regression) gave predicted drum and drop
test values which correlated well with the observed

=1

values for the boxes. The correlation cocfficients for
the predicted and observed values for each of the two
compression tests were lower than those for the drum
or drop test. The multiple correlation cocfficients ob-
tained for these relationships were: -

Drum +0.93
Drop +0.94
Top-Load Comprcssron +0.87
End-Load Compression - © +0.8 " -

3. A comparison of the weight factors used in de-
termining the correlation coeflicients indicates that the

- Elmendorf tear and Amthor stretch characteristics of
_the single-face liner have a greater influence on the

drum and drop test results than the corresponding
characteristics of cither the corrugating medium or the
double-face liner.

4. The Elmendorf tear and Amthor stretch in the
across-machine direction characteristics of the cor-
rugating medium were probably more important in
predicting compression results than were the cor-
responding characteristics of the liners.

5. The Elmendorf tear characteristics of the single-
face liner appeared to have a greater influence on drum
and drop results than did the corresponding charac-
teristics for the double-face liner. In other words, the
results indicate that, for the best drum or drop results,
the liner with the highest tear should be on the inside
of the box.

6. When the predicted box test values were based on
the bursting strength and G. E. puncture relationship,
the correlation of predicted and observed values was
poorer for all the box tests than when the predictions

“were based on the average Elmendorf tear and Amthor

stretch (in the across-machine direction) relationship.
The correlation coefticients determined in this study
are bascd on the results obtained on twenty-two dif-
ferent lots of components, combined boards, and boxes.
The foregoing conclusions may or may not apply to
components, combined boards, and boxes made from
different materials and under different conditions of
manufacture and conversion. The correlation coei-
ficients, however, are indicative of the probable rela-
tionship between the conventional tests currently being
used to evaluate Fourdrinier kraft board and boxes.

+



SELECTION OF ROLLS FOR FABRICATION

The first step in the second phase of the baseline
study was the selection, from the large number of rolls
of liners and corrugating medium sampled and tested
in Part I of Baseline Studies 1, of the particular rolls
required for the fabrication run—the second step in
. this phase. .- - —-— - -

Before making this selection, 1t was necessary to out-
line the procedure for the fabncatlon run in order to
- -determine the types of rolls and the number of each’
type required. Such an outline was made (see Figure

basis for selecting the rolls for fabrication. The physical
tests used for the purpose of sclecting these rolls were:
bursting strength, Amthor tensile and stretch, Elmen-
dorf tear, and ring compression (Riehle). Basis weight
and caliper were not considered in this selection as
these characteristics are faitly well defined by’ the
grade specifications and the variations from standard
values were not large cnough to be of primary signifi- .
cance in determining relative over-all quality. Although
G. E. puncture tests were performed on all the samples,

CORRUGATING MEDIUM PHASE

LINER PHASE

Standard Corrugating Medium Fabricated With— ¢

MISCELLANEQUS CQMBINATIONS

2 Rolis of High Test Liners Fabricated inrh

2 Rolls of Low Test Liners Fabricated With

Roll_of Average Corrugating Mediyn om Mill §
I Rol| of Average Corrugating Medium From Mill T.
I_Roll of_AveraEe Corrugahng Medium From Mill .

Ro g ating Medium From Ml V.
!_Roll of Averaﬁeiuruﬂafmg Mediym From Mil W,

Roll of Average Corrugat Medium From Mill X.

Roll of Average Corrugating Mediu rom Mill_Y.

Roll of Average Corrugating Medium From Mi
2 Rolls of Average Liners From Mill A,

2 Rolls of Average Liners From Mill B.
2 Rolls of Average Liners From Mill €.
2 Rolls of Average Liners From Mill D.
2 Rolls of Average Liners From Mill E.

Ro of Average f.ine om Mi
? Rolis of Average Liners From_ Mill
2 Rolls of Average Line om M H.

2 Rolls of Ave iners from Mi

Rolls of A age |ipers o Mi

h Test ti
est Corrugati
Il of Low Test Corrugali

1 Rollof High Test Corrugaling Medium.

Ficure 1. Predetermined Fabrication Schedule.

1}. From this outline, it is apparent that at least one
roll of corrugating medium and two rolls of liner were
required from each of the mills. The rolls selected were
to represent as nearly as possible the average quality
of the rolls sampled for cach mill. It was also apparent
that certain other rolls were required, representing the
average quality of the liners and corrugating mediums
produced by all the mills. In addition, a few other rolls
were to be selected for specific comparison on the basis
of their high or low average strength characteristics.

The data obtained by testing all the sample rolls
examined under phase one of the baseline study have
been presented in the report entitled, ‘“Bascline
studies 1. The evaluation of current kraft liners and
corrugating mediums.” These data were used as a

the data obtained were not used in the selection of the

“rolls for fabrication because of the newness of the test

and a general lack of understanding and agreement re-
garding its significance. However, inclusion of the
G. E. puncture data in these reports provides an in-
teresting illustration of the relationship of this test to
the other physical tests performed on these particuiar
samplcs.

In order to determine which roll was most represen-
tative of each mill’s sampled production, all the
strength data were tabulated for every roll of a given
grade tested for a particular mill From these data, it
was possible to obtain the average value for cach
strength characteristic for that mill. For each roll, the
deviation of each test value from the average value for



that mill was then calculated on a percentage basis.
These percentage deviations were summed for all the
tests on each of the rolls. For each grade of stock, the
rolls made by an individual mill were then ranked ac-
cording to the absolute value of the sum of the per-
centage deviations. Those rolls having the minimum
total percentage deviations were then selected as most
representative of the quality of that mill and, there-
fore, were the rolls required for subsequent fabrication
according to the plan illustrated in Figure 1. In the case
- of corrugating medium, one roll was then selected from'
each mill and, in the case of liners, two rolls were
selected from each mill.

Siniilarly; in'order to select the rolls most representa-

9

tive of the quality produced by all the mills, pereentage
deviations were calculated for each roll of a given
grade on the basis of the group average rather than on
the basis of the mill average. The summation of the
squares of the percentage deviations was then carried -
out for each roll and the rolls were ranked accordingly.
The rolls of each grade which had the lowest summa-
tion of the squares of the percentage deviation values
were then selected to represent the over-all or group
average quality for all the mills in the fabrication run.

- ~The miscellaneous high= and low-test liners'and cor-

rugating mediums required for the fabrication schedule
shown in Figure 1 were selected readily on the basis of

‘the data for the individual rolls.



" MATERIALS USED FOR FABRICATION

‘LINERS AND CORRUGATING MEDIUM -

Because of the shortage of raw material at the time
this study was made, therc were a few instances in
which it was necessary for the converter to use the rolls
which had been set aside and tested in the first part of
these studies. In those cases where the rolls selected on
the basis of the above method had been unavmdably
used, the next roll in line in terms of minimum per-

MEDIUM

PHASE

the samples taken from a roll werc representative of
the entire roll. These test results were used only in the
selection of the rolls for fabrication, One of the cor-
rugating mediums included in this study was a bogus
medium [Mill V (see Baseline Studies 1, Part T)]. The
rolls of standard corrugating medium were. selected on
the basis of the group averages for the .009/26-pound
kraft corrugatlng medmms only.

Roll 7 —Mill W-Average

Corrugating Medium,

Rolls | and 4 ~ Standard Liners

- —

-==-_.__ Roll 8 ~Mill U ~Average

Corrugating Medium.

Roll 9 ~Mill Z ~Average

Corrugating Medium.

Rolls | and 5 - Standard Liners

_ Roll iI0 -Mill T ~Average

Corrugating Medium.

Roll 1} —Mill V ~Average

Corrugating Medium.

—

Rolis 2 and 5 ~ Standard Liners .::/—

~Roll [2-Mill X -Average

Corrugating Medium.

_ Roll I3 -Mill Y ~Average

Corrugating Medium.

Rolls 3 and 6 - Sfandard' liners

=<7 Roll 14 -Mill S ~Average

Corrugating Medium.

LINER _PHASE

Rolls_I5 and 16 - Mill A-Average Liners
Rolls 17 and 18 - Mill H-Average Liners
Rolls 19 and 20~ Mill B —Average Liners —
Rolls 21 and 22- Mill | ~Average liners

———

Rolls 23and 24-Mjll £ -Average [iners __—=

Rolls 25and 26 -Mili C -Average Lliners -

Rolls 27 and 28 - Mill D -Average Liners _ ™~

Rofls 29 and 30~ Mill E-Average Liners _-—

Rolls 3| and 32-Mill G-Average Liners _
Rolis 33 and 34 ~ Mill J -Average Lliners _

T Roll 39-Standard

Corrugating Medium.

Corrugating Medium.

Roll 40 ~Standard

Roll 41 —Sfandard Corrugating Medium.

- Rolt 42 - Standard Corrugafing Medium.

MISCELLANEOUS PHASE

- . Rofl 43 - Hiph_ .Test Corrugating Medium.

R - I
olls.32a1d 30 -High Tes'f Liners =T Roll44-Low Test Corrugating Medium.
i ; _Roll44-1low Test Corrugating Medium,
Roils 37and 38 -1 ow Test Liners o 43 Rish Test Corrugating Medium,

Figure 2. Fabrication Sequence.

centage deviation was selected. The test results ob-
tained for the 42-pound DFBS Fourdrinier kraft liner
{the designation DFBSis 1o be understood in future
references to Fourdrinier kraft liner in this report] and
:009/26-pound corrugating medium selected for fabri-
cation (sce Figure 2) are given in Tables I, 11, ITI, and
IV. As described in Part 1 of this study the test results
were obtained on samples taken from near the outside
of each roll. Thus, they are representative of the
quality of the rolls in question only to the extent that

STARCH

The starch adhesive used in this fabrication run was
a commercial grade of Bondcor C obtained from Stein,
Hall & Company, Inc. Samples of the raw starch used
in this study were tested by standard analytical meth-
ods at The Institute of Paper Chemistry. The results
of these analytical determinations are given in Table
V. Bacteriological examination of the starch indicated
that it had a relatively low bacterial count. The total
bacterial count, as represented by the colonies which

10




TABLE I
PHYSICAL CHARACTERISTICS OF 42-LB. FOURDRINIER KRAFT LINERS

Two SELECTED RoLLs AnND AVERAGE OF ALl ROLLS POR Fach ML

Basis Appar- Elmendorf
B X . Weight | ent. - .- G.E. Ring Com- - Tear, - Amthor " ‘Amthor
LPC. (12x 12/ Cali- Density, Mois- Bursting Punc- pression, Ib. g£./sheet Tensile, b, Stretch, 9
Roll Date of 1000), per, Ib./cu. ture, Strength, ture,
MiltCode  No. Manuf, Ib.  points  ft. %% points units In  Across In Across  In  Across In Across
Av, (XV)* 411 14.8 33.2 9.1 99 35 285 22,1 343 391 785 36.2 2.2 3.4
A-T 15 11/15/44 401 14.5 33.2 11.7 103 - 34 220 221 351 39 781 376 25 34
A-22 16 3/14/45 42,7 14.9 34.3 9.9 100 36 27.6 223 321 370 7.0 352 21 3.3
= Av. (XVID)* _ .- - - . 429 15.4--33.4 -8.7 101 37 30:6- -23.7° 353 397 8471 T8 272 3Ty
B-13 19 9/25/44 42.8 15.6 32,9 11,1 103 38 32,3 23.8 352. 407 857 387 24 35
B-1 20 1/29/45 422 15.7  32.2 2.0 101 34 297 22,6 337 412 83.6 354 2.4 3.6
Av. (XIX)* . . 2.7 145 353 71 --100 39 208 209 364 405 859 "38.9 1.9 4.1
C-10 25 4/ 4/45 423 14.7  34.5 5.8 103 40 28,9 220 366 401 85.2 36.7 1.8 4.4
- c9 - - 4/ 4/45 421 150° 33.7 5.5 99 40 299 21,17 376 411 920 35.7 1.9 4.2
Av. {(XXI)* 41.7 14.8 33.8 7.4 98 36 28.1 225 360 378 70.4° 39.5 2.0 3.5
D-20 27 11/ 344 410 15.1 32.6 5.5 23 36 27.8 224 358 372 T0.4 393 2.3 4.1
D-5 28 12/30/44  43.9 16.7 31.5 1.7 100 44 2.4 21,6 391 415 9.7 3.8 19 3.2 |
Av. (XXIID* 13 .4 15.7  33.2 7.5 9 35 27.5 20.6 324 365 77.1 343 1.8 3.6
E-5 29 3721745 43.0 16.0 32.2 6.9 92 35 30.4 209 303 362 82.3 33.3 1.7 3.6
E-3 30 — 42.5 14.0 36.4 8.5 92 31 25.0 18.7 314 349 5.7 M5 1.6 3.7
Av. (XXV)* 39.7 13.4 35.6 10.0 85 33 23.3 18.7 302 343 6.7 33.0 1.9 3.1
F-5 23 5/ 5/45 39.3 13.0  36.3 10.3 83 29 237 198 279 335 63.6 328 20 3.0
F-6 24 5/ 5/45 39.4 13.4 35.3 7.8 78 3 23.2 19.7 292 320 1.1 33.8 20 3.1
Av, (XXVID)* 41.9 15.6 32.2 7.0 921 38 274 23.7 380 405 723 41.8 1.7 3.6
G.12 . 3 4/ 2/45  40.2 o153 31.5 5.8 91 39 28.1 23.7 364 407 708 38.6 1.6 3.6
G-1 32 4/2/45 426 155 330 7 3 93 37 274 236 373 429 76.0 41.4 J031
Av. (XXIX)* 42.6 15.9 32.2 8.0 108 37 30,7 245 38 407 75.8 427 2.2 4.1
H-11 17 4/13/45 429 159 32.4 8.5 108 38 30.5 237 391 409 80.0 410 23 4.1
H-8 18 4/13/43 42,0 16,1 31.3 6.3 110 36 28.6 23.9 373 380 80.5 409 2.3 3.9
Av. (XXXTI)* 43,5 15.3 34,2 8.4 109 4 309 21,8 408 465 85.4 36.8 2.3 4.5
I.10 21 1/31/45 43.2 15.5 33.4 8.9 109 40 20.8 20,4 405 463 83.9 365 2.2 4.5
112 22 1/30/45 43.8 15.7 33.5 9.6 109 40 30.0 22,3 422 470 805 37.0 2.3 4.4
Av. (XXXTIn)* 41.7 14.7 34.2 7.7 93 32 304 237 301 355 4.8 359 2.0 3.2
J-11 33 2/25/45 41,9 15.2 33.1 7.7 96 34 30.6 227 200 370 75.7 4.3 2.0 3.0
J3 34 3/15/45 41,0 154 326 7.6 97 34 289 238 319 378 76.5 38.2 20 238
A
| * Mill averages: data from tables on pages 30 to 41 of Baseline Studies 1, Part 1,
|
TABLE II
PHYSICAL CHARACTERISTICS OF -009/26-LB. CORRUGATING MEDIUM
ONE SELFCTED ROLL AND AVERAGE OF ALL RorLs For Eace Mrre
Basis Appar- Elmendorf
Weight ent G.E. Ring Com- Tear, Amthor Amthor
T.D.C, (12x 12/ Cali- Density, Mois- Bursting Punc-  pression, Ib, £./sheet Tensile, b, Stretch, %
) Roll  Date of 1000), per, Ib./cu. ture, Strength, ture,
Mill Code  No.  Manuf, Ib. " points  ft, %  points wunits In  Across In Across In  Across In Across
Av. (XLV)* 27.3 10.1 32.4 8.5 68 20 19.5 155 268 276 52.3 304 1.6 4.7
S-6 14 2/ 6/45 271 10.1  32.2 9.8 71 21 18.5 15,9 265 286 51.6 30.7 1.6 4.8
Av. (XLVID* 27.0 10,0 32,5 11.8 57 20 15,9 12.8 237 261 45.1 4.2 1.8 3.7
T-9 i0 5/ 2/45 259 9.7 32.0 10.9 58 20 15,9 12,9 214 246 48.0 4.1 1.9 3.8
Av. (XLIX)* 26.9 10,7  30.2 8.4 65 20 19.7 13.5 238 266 53.0 25.7 20 4.8
U-8 8 12/11/44 280 10.1  30.9 8.8 63 19 19.3 13.2 223 246 554 24,1 2.1 5.1
Av. (1.T)* 25.8 101 307 9.2 32 I 12,9 103 121 134 310 17.2 1.4 2.4
V-7 11 26,1 10.3 30.4 8.5 31 13 12.4 10.3 HS 129 314 180 1.2 2.4 )
Av. (LTI)* 26,8 -10.t 31.8 1i1.1 69 19 17.7 1.5 228 300 5$6.6 21.8 2.1 3.8
W-R 7 2/271/45 257 9.1 339 100 69 18 17.3 10,7 226 310 55,5 22.6 2.5 3.7
Av. (LV)* 27.4 98 337 g7 68 20171 130 250 281 521 253 2.1 4.3
X2 12 3/14/45  27.1 9.5 34.2 6.7 67 19 18,1 12,9 236 261 519 230 1.9 4.2
Av.y({lﬁ\"ﬂ)“ 26.0 9.3 33.9 9.7 58 15 17.3 12.3 189 219 50,7 22.1 2.0 3.6
Y-9 13 3/12/45 261 9.2 340 11.1 51 13 16,0 11.9 18 219 190 221 1.9 3.3
f\"’- (LIX)* 26.8 9.3 .7 9.1 75 20 199 15.8 251 262 23.8 330 2.0 4.7
Z§ 9 2/26/45  26.4 9.0 352 9. 75 19 20,1 150 231 254 559 336 2.0 5.4

* Ml averages: data from tables on pages 59 to 67 of Baseline Studies 1, Part I
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TABLE HI
PHYSICAL CHARACTERISTICS OF 42-LB. FOURDRINIER KRAFT LINERS

Rasis Appar- . Elmendor{
Weight ent G.E. Ring Com- Tear, Amthor Amthor
I.P.C. "+ (12x12/ Cali- Density, Mois- Bursting Punc- pression, lb. g./sheet Tensile, lb.  Stretch, %
Roll Dateof 1000), per, Ib./cu. ture, Strength, ture,
Mill Code  Ne. Manul. Ib. . points ft. - 9,  points .units In Across In Across In -Across In Across
Standard 42-1b. Liners
Av. (IIT)* 42.1 15.0 33.7 8.1 98 36 200 22,5 354 3% 7.8 318 2.1 3.9
A-18 1 2/ 8/45 419 15.3 32.8 9.1 104 34 208 24.4 339 404 80.5 369 2.0 3.7
H-6 2 3/20/45 41.6 15,9 31.4 7.7 105 36 31.3 228 339 391 795 391 2.1 4.0
B-3 3 1/20/45 441 15.5  34.1 8.9 105 36 28.7 22.6 35 395 77.6 36.1 2.4 39
A-24 4 3/15/45  43.3 15,1 344 10.1 98 37 27.7 22,6 331 404 147 361 2.2 3.4
A2 5. 11715/ 405 14.8 32.8 7.6 .33 --28.2 21,4 325 313 149 374 2.1 33
A-28 6 11/15/44 40.0 14.6 32.8 6.0 99 33 27.5 21,5 320 385 V7.3 31,5 2.0 3.4
High-Test Liners
C3 35 1/29/45 44.0 1407 37.7 7 7.7 10977 38" 31.2 24,5 380 389 86.445.0 2.2 4.7
H-14 36 4/13/45 42,3 15.6 32.5 7.4 114 | 36 3.1 254 406 420 737 40.3 2.3 4.2
Low-Test Liners
E-1 37 2/13/45 449 17,3 3111 9.0 §2. 28 22,0 17,5 274 278 540 299 1.2 2.7
E-2 38 2/13/45 4.6 17.8  30.1 5.2 58 28 243 18,6 271 282 60.5 29.6 .13 2.9
* Group average: data from Table IIT of Baseline Studies 1, Part I.
TABLE IV
PHYSICAL CHARACTERISTICS OF .009/26-LB. CORRUGATING MEDIUM
Basis Appar- Elmendorf
Weight ent G.E. Ring Com- Tear, Amthor Amthor
I.P.C. (12 x 12/ Cali- Density, Mois- Bursting Punc- pression, lb.  g./sheet Tensile, Ib. ~ Stretch, %

Roll Dateof 1000), per, Ib./cu. ture, Strength, ture,
Mill Code No. Manuf. lb.  points ft 9%  points units In Across In Across In  Across In Across

Standard Corrugating Medinms

Av. (XXXV)* 269 100 325 95 66 19 18,3 13.4 238 268 52.2 259 20 4.3
U-15 J9 11/ 1/45 28.1 it.g 30.7 5.8 o7 21 19,1 13,2 244 271 56,5 26.6 2.0 4.1
X1 40 3/14/45  26.3 9.3 339 5.5 64 18 17.8 13.8 231 253 518 23.6 2.0 4.2
U-20 4T 10/ 4/44 27,5 11.6 284 1.7 68 20 17.8 11.9 236 280 55.2 23.9 2.0 4.4
Y-6 42 3/10/48 210 9.8 33.1 10.5 65 18 16.8 13.1 238 270 54.06 2.6 2.1 3.7

High-Test Corrugating Mediums
U-11 43  10/16/44 27.6 11.2 296 8.3 70 19 20,9 14.9 238 255 54.4 263 2.2 4.9
Low-Test Corrugating Mediums
Y-10 44 3/12/45 249 9.5 316 10.1 48 13 14.3 10,0 182 214 459 20.2 1.8 3.0
* Group average: data from Table XXXV of Bascline Studjes 1, Part I.
TABLE V
ANALYTICAL DATA FOR BONDCOR C ADHESIVE
Moisture* 9,549
Cold water extractives** 0.23%,
25~ Ether extractives*® 0.15%
Methanol-water (80-20) extractives*® 0.67%
Potentiometric titration to pH 6.9* 4.1 ml. of 0.0195 8 NaOH
=(032%, acid as SO,
Potentiometric titration of whole starch
x with jodine™* 25.5% amylose
* As received,
** Ovendry.

N developed in Difco Nutrient Agar incubated at 37° C.

< for 48 hours, was 660 colonies per.gram of dry starch.

S

The estimated number of starch-hydrolyzing colonics
was 430 per gram of dry starch.

o A consistometer (viscosity) curve (dctcrmmed on
both a heating and cooling cycle) for a sample of
Bondcor C starch suspension, as determined on the
Institute’s consistometer, is shown in Figure 3. In
this curve, thé power input is plotted as a function of
the temperature of the raw starch suspension. The

] l | | | 1
© 100 120 140 160 180 2060 FicurE 3. Consistometer Curve of Raw Starch Suspension.
TEMPERATURE IN °F Heating ~ ---------Cooling
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power input is the number of watts required to main-
tain a constant speed of rotation in the consistometer.
As the temperature of the suspension increases and ap-
proaches the gel point of the starch, the viscosity of
_the suspension increases and, consequently, requires
a corresponding increase in power input to maintain a
constant speed of rotation. Thus, the power input
serves as a measure of the viscosity of the suspension.

A single batch of starch adhesive was prepared and
used for the entire fabrication run. Representatives of
Stein, Hall & -Company, Inc.-and The- Institute of
Paper Chemistry collaborated in the preparation of

the starch paste,

"~ The carricr portion of the batch was made in a
Francis mixer (666-gallon capacity) by suspending 150
pounds of Bondcor C starch in 1334 pounds of water
previously heated to 110° F. Twenty-five pounds of
sodium hydroxide were dissolved in 60 pounds of water

13

and the solution was added to the starch suspension.
This carrier portion was heated with direct steam to
165° F. and held at that temperature for 15 minutes.

In the meantime, the secondary mixer was charged

- with the following ingredients and agitated -until

thoroughly mixed:

2800 lb. of water at 80° F.,
24 Ib. of bentonite (mixed 3 min.),
33 Ib. of borax,
1020 1b. of Bondcor C starch, and
"6 1b. of formaldehyde.

The carrier portion was mixed with the above charge
in the secondary mixer until a homogeneous suspension
resulted.” The viscosity of the homogeneous suspension
was 32.0.seconds {at 102° F.} as measured by The
Institute of Paper Chemistry's viscometer (water—15

seconds at 72° F.).
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GENERAL PROCEDURE

The accomplishment of the objectives of this study
required that the corrugating operation and the con-
version into hoxes be carried out by an impartial box

- maker-under carefully-controlled, but normal, ‘condi=

tions of manufacture and according to the prcdeter

mined schedule of component combinations shown in_

Figure 1. All the combinations outlined were to be
made at’a machine speed of not less than 300 or more
than 325 feet per minute. The same adhesive, operating
crew, machine, and machine settings, within the lim-
its of practicability were to be used. Thus, every effort
was made to eliminate differences in machine or op-
crational variables from combination to combination
in order that the ultimate comparison of the combined
board and boxes could be made on the basis of
the characteristics of the liner and corrugating mate-
rials. .

It is apparent that, in order to satisfy the conditions
of fabrication set forth above, it was necessary that the
fabrication and box-making procedure be carried out
with extreme care. Otherwise, all the precautions taken
to assure valid component sampling would be fruitless.
In this regard, The Institute of Paper Chemistry was
very fortunate in enlisting the services and co-opera-
tion of the Downing Box Company, 3832 Third Street,
Milwaukee, Wisconsin, as the impartial box maker.
It should be mentioned that, throughout the entire
fabrication (July 21, 1945) and box-making program,
the entire personnel of the Downing Box Company
were extremely co-operative, even at times at the
sacrifice of their own work.

Following the selection of the 42-pound Fourdrinier
kraft liners and the 26-pound corrugating mediums for
fabrication, the converters in whose warchouses the
selected rolls happened to be stored were asked to
ship them to the Downing Box Company for fabrica-
tion.

Initially, the component sampling program was to
include only rolls 46 to 48 inches in width because the
rolls selected for fabrication were to be made ultimate-
ly into 24 No. 2% can size boxes; this width roll would
permit running such box blanks “two out” on the cor-
rugator. The scarcity of material resulting from war-
time restrictions and emergency conditions made it
necessary to sample rolls from 46 to 73 inches in width.
Although a few of the selected rolls were in the width
range of 46 to 48 inches, the majority were of greater
width, and it was necessary, as an operational aid, to
slit and rewind these rolls. The slitting and rewinding
were done by the Hummel and Downing Company,
1514 East Thomas Avenue, Milwaukee, Wisconsin.
The rolls which were slit and rewound are tabulated in

FABRICATION

Table VI. It should be mentioned that, whenever a roll
1s rewound, the outside lap of the original roll becomes
the innermost lap of the new roll. Therefore, for all
rolls which were slit and rewound, the outer end of the

-roll originally. sampled and tested.became the inner- .

most part of the roll adjacent to the core after re-
winding.
~In order to facilitate the handling and arranging of

- -the rolls in regard to sequence of running, cach roll

selected for conversion was assigned a new roll number.
These roll numbers have been used throughout this
report under the heading “I.P.C. roll numbers.” These
numbers (1 through 44} were stencilled on the ends of
each roll. The numbers were approximately six inches
in height and could easily be noted from some distance.
At the time the rolls were renumbered, they were ar-
ranged in the warehouse in the exact order in which
they were to be run on the corrugator. The sequence
of fabrication, together with the I.P.C. roll numbers
and the corresponding coded mill roll numbers, are
given in Table VII and Figure 2. The coded mill roll
numbers refer to the roll numbers as reported in
Part I of Baseline Studies 1.

The fabrication run was made on a conventional
78-inch Langston duplex corrugator equipped with A-
and B-flute rolls. However, only the B-flute rolls

were used in this study. The corrugator was also -

equipped with a duplex slitting and scoring attach-
ment, together with a double {continuous traveling)
cut-off. The hot-plate section consisted of twenty-nine
18-inch plates, having an over-all length of approxi-
mately 45 feet and was equipped with the Velocity
Steam System. Steam for the preheaters, rolls, and hot
plates was furnished to the machine through a header
at 125 to 130 pounds per square inch. The “cold” or
pull scction was approximately 46 feet in length.

The cutting schedule called for each roll combina-
tion to be made up into approximately 600 B-flute
RSC 24 No. 23 can size boxes. Since the selected rolls
were slit and rewound to approximately 46-inch width
rolls, this necessitated running the box blanks two-out
on the corrugator. In addition, approximately 300 full-
width unscored sheets were to be taken from each run
for test purposes.

The sequence of running the stock on the corrugator

was as follows: In order to make the necessary adjust-

ments and settings, a set of unidentified 42-pound kraft
liners and .009/26-pound kraft corrugating medium
was run over the corrugator. This not only enabled the
operator to make the necessary adjustments, but it
also permitted the circulation of the starch adhesive
which had been prepared for this fabrication run. All
adjustments were made during the time the unidenti-
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42-1b. Fourdrinier Kraft Liner Rolls

. TABLE VI
- ROLLS SLIT AND REWOUND

009/26-lb. Cormgating Medium Rolls

LP.C. Mill  Original Trimmed New 1.r.C. Milt  Original Trimmed New
Roll  Coded Width, Lineal Weight, Width, Weight, Roll Coded Width, Lineal Weight, Width, Weight,
No, _ RoliNo. im.. . Feet _ . lb .. .in.. e No. RollNe. - in.  =Feet— --‘lb. =™ ~in.' lb. )
1 A-18 54 10,991 1998 48 1730 8 U-8 68 18,811 2570 48 1830
2 H6 73 11,576 2802 48 — 10 T.9 54 18,500 2094 46 1710
5 A-27 52 12,648 2132 48 1940 11 V-7 51 12,500 1490 46 1180
6 A28 52 12,486 2168 46 1915 12 X-2 58 8,795 1100 46 885
15 AT 50 12,471 2070 46 1900 13 Y9 55.5 13,800 1666 46 1355
16 A-22 49 8,035 1370 16 1290 14 S6 6l 11,740 1541 _ _46.. . _.
A7 e HeAl - — 40— 1158671940~ — 46— - ~1815™ 773077 7 "UL15 62 16,6207 2226~ 46 1610
18 H3 49 11,928 1936 46 1800 40 Xl . 58 9124 1130 46 895
21 I-10 58 7,400 1484 46 1190 4 U-20 63 15,771 2260 46 1635
22 112 58 7,50 1520 46 1180 42 Y6_ . .57 13,000 1592_ _ 46
23 r5 54 13,300 2330 46 1935 43 U-11 72, 17,091 2752 46 1730
24 F-6 54 13,400 2344 46 1950 44 Y10 57 13,000 1536 46 1200
25 C-10 50 = 1765 46 1610
26 c9 50 - — 1700 16 1600
27 D.20 56 7,928 1435 46 1185
28 D-3 54 10,660 2080 46 1800 '
29 E-5 60.5  — 2430 46 1735 !
30 E-3 52 — 1375 46 1165
31 G-12 54 9,030 1591 46 1350
32 G-1 56 11,880 2313 46 1885
33 J-11 50 — 1324 46 1200
35 -3 50 — 2410 6 2220
36 H-14 29 11,918 1920 46 1765
37 E-1 66 = 1508 46 1110
38 E-2 52 — 1184 46 1030
TABLE VII
: FABRICATION SEQUENCE
Single-Face Liner Corrugating Medium Double-Face Liner
Run
SER‘;‘QM Combination LP.C. Ralt Mill Coded 1LP.C.Roll  Mill Coded LP.C. Roll Milt Coded
a Number Number Roll Number Number Roll Number Number Reoll Number
1 1 ¢ A4 7 W-B 1 A-18
2 2 4 AL 8 U-8 1 A-18
3 3 5 A-27 9 78 1 A-18
4 4 5 A-27 10 T-9 2 H6
5 S '3 A-27 i3 V-7 2 H-6
6 6 5 A-27 12 X2 2 H-6
7 7 6 A28 13 V-9 3 B-3
8 8 6 A-28 14 S-6 3 B-3
9 9 15 AT 30 U-15 16 A-22
10 10 17 11 39 U-15 18 H-8
1 1 19 B-13 39 U-15 20 B-1
12 12 2i 110 40 X1 22 112
13 13 23 F-§ 40 X1 24 F6
14 14 25 C-10 41 U-20 26 c9
15 15 27 D-20 41 U-20 28 D8
16 16 29 E-5 1 U-20 30 T3
17 17 31 G-12 42 Y-6 32 G-1
18 18 23 y-11 12 Y6 M J-3
19 19 33 C3 43 U1t 36 H-14
20 20 35 C-3 44 Y-10 36 H-14
21 21 37 E-1 44 Y-10 38 E-2
22 22 37 E- 43 U-11 38 E-2
15
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ticd rofls were running. Once the final adjustments
were made, they were not changed materially through-
out the entire fabrication of the selected rolls.

At the start of the preliminary run, using the un-
identified rolls, the clearance between the glue pick-up
roll and the glue transfer roll of ‘the single facer was
setat 0.012, 0.012, and 0.012 inch for front, center, and
back, respectively. However, because of the condition

ont the single-face liner and at the same time notified
the checker that the machine was up to the required
speed. When the above mark reached the cut-off, the
scored box blanks were saved. As soon as the required
number of box blanks was obtained, the double-facer

"section of the corrugator was stopped, the sheet cut,

of the corrugating rolls, it was necessary to increase .

this clearance to 0.013, 0.013, and 0.013 inch. After the
ptessure roll on the single facer was set, this setting was
determined by means of a forque wrench, so that the
same pressure could be maintained for each roll com-
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Ficuzre 4. Scoring and Slotting Specifications.

bination. The finger settings were also checked for
alignment and clearance.

The clearance between the glue pick-up roll and the
glue transfer roll of the double facer was set at 0.012,
0.012, and 0.012 inch for front, center, and back, re-
spectively. The clearance between the glue transfer
roll and the top riding roll was set at 0.104 inch mini-
mum.

The settings and final adjustments of the cut-off
knives, slitters, and the conventional three-point
creasing wheels, for putting in the horizontal (flap)
scores, were made during the running of the unidenti-
fied rolls to give a blank size 583”X21}", the flap
scoring being 64" X 98" X 65",

After the necessary adjustments had been made and
the corrugator was producing satisfactory B-flute cor-
rugated board at 300 lincal feet per minute, the un-
identified rolls were replaced with the rolls selected for
Run Combination 1. As soon as both the single facer
and double facer were operating at a speed of at least
300 lineal feet per minute, the operator placed a mark

16

and the slitter assembly rotated into a horizontal posi-
tion 50 that a full-width unscored sheet could be ob-
tained. The cut-off length remained unchanged. The
double-facer section.was started as soon as the slitter
assembly was in the clear (this change required not -
over two minutes) and the required number of full-
width untrimmed and unscored sheets was saved after
the corrugator was 'up to and operating at a speed of
at least 300 lineal feet per minute. When the required
number of full-width sheets had been secured, the cor-
rugator was stopped, and the rolls for Run Combina-
tion 2 were spliced on. The same procedure was
followed in the fabrication of Run Combination 2, with
the exception that the full-width untrimmed sheets
were made first, since the slitter assembly was already
set up for full-width sheets from Run Combination 1.
In other words, in all the odd numbered run combina-
tions the scored box blanks were made first and in all
the even numbered run combinations the full-width
untrimmed and unscored sheets were made first.

In each run combination, the front and back blanks
were piled on different skids. In order to avoid any
chance of crushing, cach skid was loaded with stock
from only one run combination.
~ Following the corrugating operation, each skid load
of board was conditioned immediately by drawing air
through the corrugations for 10 minutes by placing the
skid load of board alongside a suction grill through
which air was drawn by a 6500-cubic feet per minute
exhaust fan.

Following fabrication and conditioning, the scored
blanks were allowed to scason overnight at atmos-
pheric conditions before going to the printer-slotter.
The printing, slotting, .and panel scoring of all box
blanks were carried out on a 32 by 70-inch Langston
printer-slotter equipped with spring tension feed rolls
and an auvtomatic fceder. The printing and slotting
were done the day following the fabrication run. The
various combinations were printed and slotted in the
same sequence as that used in the fabrication—i.e.,
Run Combination 1 first and Run Combination 22
last.

The printing consisted of the box maker’s certificate,
run combination or lot number, and the letter F or B.
The letter F identificd the blank as having been made
on the front side of the corrugator. Similarly, the letter
B denoted a back-side blank. The scoring and slotting
specifications are given in Figure 4.

As soon as the stock came from the printer-slotter,
it was taken directly to the stitching department where
it was stitched (6 stitches per box) on five Model No.
385 Bliss semi-automatic stitchers manufactured by



the Dexter Folder Company. The stitching wire was
0.020 inch thick and 0.104 inch wide. The staple
clinching legs were each 0.375 inch and the reach was
0.50 inch. Following the stitching the finished boxes
were packed in A-flute RSC cartons. Approximately
45 knock-down boxes were packed per carton.

FABRICATION DATA AND SAMPLING

One of the major specifications for the fabrication
run.was that.it should-be made under carefully con-
trolled but normal conditions of manufacture. To pro-
vide this control and to demonstrate that the operating
conditions were normal, rather ‘extensive opcrational”
data were taken.

The actual operation of the corrugator was carried
out by the regular operating crew of the Downing Box
Company. Representatives of The Institute of Paper
Chemistry were assigned the tasks of collecting and
recording pertinent operational information, and
of sampling the components and combined board
periodically throughout the entire fabrication opera-
tion.

Belore cach roll was shafted and at the end of each
run combination, a sample the full width of the roll
and at least 15 fect in length was obtained from each
component roll. At the middle of each run combination
(during the slitter change), ‘‘cut-out” samples ap-
proximately 12 inches wide and 10 feet long were ob-
tained for each roll. For those rolls {standard liners
and corrugating medium) which were used in more
than one run combination, full width samples were
taken only at the time the rolls were shafted and when
the rolls were taken out of the machine. All other
samples taken from these rolls were ““cut-cuts,” since
a full-width sample would have necessitated breaking
down the sheet.

Each sample strip was marked as to front or back
side, roll number, run combination, radius of roll,
where sampled, and the time. For moisture determina-
tion, three one-square foot samples (one each from
front, center, and back) were cut from cach {ull-width
strip. Where only ““cut-out” samples were taken, it was
possible to secure only two moisture samples, one from
the front and one from the back side. The moisture
samples were weighed immediately to obtain their
airdry weight, and then calipered. The samples were
forwarded to The Institute of Paper Chemistry where
they were oven dried to constant weight in an oven
equipped with forced circulation and maintained at a
temperature of 103-105° C. All weighings werc made
on a balance which was graduated to 0.01 gram, The
remainder of the sample not used for moisture determi-
nation was also forwarded to the Institute for test
purposes. The results of the moisture determination on
the component materjals are shown in Table VIIT.

A complete tabulation of the quantity of the cor-
rugated board, together with the corrugator speed at
which it was produced, is given in Tables IX and X.
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All the corrugated board made at a speed of less than
300 feet per minute was discarded; however, the total
lineal footage was recorded in order to compute the
adhesive consumption per thousand square feet of com-
bined board. When the corrugator was making satis-
factory board at a speed of at least 300 fect per minute,
samples for that particular run combination were col-
lected. At the beginning and end of each sampling
period, two front and two back side scored blanks were
taken for moisture and caliper determinations. Two -
onc-square foot samples were cut from each scored
blank, coded, calipered, and weighed. After 2 one-hour
interval, the same samplés were reweighed and for-
warded to the Institute for determining the ovendry
weight. The results of the moisture determinations
made on samples of combined board immediately after

TABLE VIII

MOIS’I‘UfilC CONTENT OF COMPONENT MATERTALS
AT TIME OF FABRICATION

‘Moisture (ovendry basis), %

Run Single-Face Corrugating Double-Face
Combination Liner . Mediem Liner
1 0.3 9.7 9.4
2 9.9 9.5 9.3
3 8.9 10.5 9.7
4 9.9 9.9 6.8
5 10.4 9.9 10.4
6 10.0 9.4 10.0
7 9.3 10.1 9.4
38 10.4 9.6 9.8
9 0.4 8.9 8.2
10 8.4 10.0 8.3
11 8.4 9.5 8.6
12 8.5 8.1 8.4
13 8.9 10.2 8.6
14 8.0 9.1 8.6
15 8.4 10.2 8.4
16 8.8 10.0 9.5
17 8.3 8.8 8.4
18 8.8 9.0 8.7
19 &1 8.8 8.5
20 8.3 3.9 8.4
21 7.6 9.6 7.5
22 9.1 9.5 9.2

fabrication and also after seasoning for one hour at
room atmosphere are given in Table XI.

In addition to the men recording the fabrication
data, checking roll sequence and alignment, roll set-
tings and clearances, etc., three men were assigned
the responsibility of recording all pertinent tempera-
ture data. Onc of these men was assigned the checking
and recording of the temperatures at the single facer, -
a second man the doubie facer, and the third man the
temperatures of the hot plates. All temperatures were
taken by means of Alnor pyrometers which were
previously checked for accuracy. Temperature check
diagrams were used by these observers to assist them
in recording the temperature data as to location, time,
and run combination.

I'he temperature check diagram used at the single




Sheet

Run . Blank
Combi- Size, No.
nation Inches Out

1 583 x 211
2 583 x 21}
3 58% x 213
4 58} x21%
5 581 x 213
6 582 x21}
7 58ix21%
8  58ix21]
9 ---587 x 21§ -
10 588 x21}
11 58% x 217
12 58% x 217
13 58 x 211
14 8lx21%
15 58% x 217
16 583 x 213
17 58§ x 213
18 S8 x21%
19 58% x 213
20 583 x 213

M 583 x 21}
22 . 581x21]

[0 B b b b B BO B B B2 BB B b b

TABLE

SCORED SHEETS PRODUCED

Counter Reading

IX

MR NN

Start
Run

OO CoOoOoD OO0 DOoOCoo | oo

+

. Start San:tpling . End Sampling
Time Reading Time Reading
8:29 124 448
8:47 109 300
g:15 102 300
¢:20 155 408
9:57 93  10:00 333

10:07 112 10:10 28
10:35 125 10:40 424
10:47 121 10:54 420
11:19 110 - 11:24  -415-
11:35 198  11:40 499
1:06 83 1:11 3718
1:21 164 1:26 461
4 110 1:48 335
2:00 163 2:05 458
2:26 1153 2:31 415
2:57 132 3:02 429
330 159 3:35 454
3:47 198 352 430
4:19 78 4:25 375
4:30 136 4:35 436
4:5¢ 80 4:57 280
5:02 119 5:06 319

End
Run

467
309
307
418
342

283

298.
330

Experimental

_Sheets
Front Back
324 324
19 191
198 198
253 253
240 240
156 156
299 200
209 299
305 - 308
301 301
205 205
207 207
225 225
295 295
300 300
207 297
205 295
241 241
297 297
300 300
200 200
300 300

Un- Totals
teimmed — —
Width, Sheels -

in. Run Sq. I't,

48 467  9087.0

48 309 6012.6

48 307 59737

46 418 77947

46 342 6377.5

46 283 32773

46 431 80371

46 432 8055.8

46 419 .. 7813.3

46 513 9566.2

46 384 T160.7

46 474 88390

46 345 6433.4

40 470 8764.4

46 424 7906.6

46 440 82049

46 462 8615.2

46 449  8372.8

46 384 7160.7

46 445 8298.2

46 298  5557.0

46 30 6153.7

Machine
Speed,
Lineal

Feet per--- -

Minute*

320
33
325
320
325
325
325
320
S35
325

315
320
315
320
310

325
310
315
320
315

320
325

** The corrugator speeds were automatically recorded on the chart of a “Tetco'’ recorder, Type R300, produced by The Tachometer Corporation.

Run

Combi-  Blank No.
nation  Size,in.  QOut

1 584 x 48 1
2 585 x 48 1
3 581 x 48 1
4 B x 46 1
5 383 x 46 1
6 585 x 46 1
7 58% x 46 1
8 S8 x46 1
9 583 x 46 i
10 583 x 46 1
1n 588 x 46 1
12 383 x 46 1
13 581 x 46 1
14 583 x 46 1
15 583 x 46 1
16 581 x 46 1
17 581 x 46 |
18 SB1x46 1
19 S8t x 46 1
20 581 x40 1
21 583 x 46 1
22 58% x46 1

* Sce Note Table IX.

TABLE X
UNSCORED SHEETS PRODUCED

Counter Reading

Start Sampling

End Sampling

Start End
Run Time Reading Time Reading Run
0 8:25 am. 220 225
0 90 8:55 A, 242 242
0 401 9:11 A, 551 565
0 132 9:41 a.n0 276 288
0 142 9:52 Am. 300 313
0 a8 10:15 A, 189 193
0 123 10:29 a.m. 277 289
0 145 11:00 Aw. 346 354
0 163 11:15 Am. kyAl 334
0] 171 11:52 a.m, 320 400
0 167 1:03 p.m, 317 336
0 115 1:33 p.M, 261 269
0 167 1:41 pm, 330 343
0 134 2:10 p.u1. 283 29
0 117 2:22 P M. 315 328
0 124 3:10 p.u. 395 459
0 469 3:25 Py, 69 580
0 140 4:01 pM. 435 441
0 154 4:14 p.u. 352 365
0 80 4:41 p.u, 280 288
0 138 4:51 p.u, 24 253
0 143 521 pom, 380 380
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Txperimental
Blanks Saved
Width,

in. No.
48 220
48 152
48 150
46 144
46 158
46 1M
46 154
46 201
46 158
46 149
46 150
46 146
46 163
46 149
46 198
46 271
46 100
46 295
46 198
46 200
46 102
46 237

Un-
trimmed
Blanks Blanks,
Run Square I't.
228 4,378.1
242 4,708.9
565  10,993.0
288 5.370.5
313 5.836.7
193 3,599.0
289 5,389.2
354 6.601.3
334 6,228.3
400 7,459.0
336 6,265.6
269 5.016.2
343 6,396.1
201 5,426.5
3% 6.116.4
459 8,559.2
580 10,815.6
441 8,223.6
365 6,806.4
238 5,370.5
233 4,7117.8
380 7,086.1

Machine
Speed,
Lineal

Feet Per

Minute

310
325
320
325
325

340
320
310
320
320

320
320
325
310
320
315
310
305-
310
320

310
320




facer may be scen in Figure 5. The temperature checks
on the single-face liner preheaters, corrugating medium
preheater, pressure roll, and corrugating rolls were
taken at approximately hourly intervals. The tempera-

ture checks at the various points on the single-face-

liner and corrugating medium were taken on every run
combination at the time the samples for that particular
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In addition to the men who were responsible for re-
cording the temperature data, one man was assigned
the responsibility of checking and recording all perti-
nent starch data. A complete record of the starch

‘suspension characteristics, together with periodic pH- -

and specific gravity values, was maintained during the
entire run. The recorded data are given in Table X1V,

TEMPERATURE DATA
POSITION TAKE ‘TEMP FAONT | CENTER] BACK
¥ CACH RUN
. [0 [

————f - #- [
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. n
5 " ——
7 " o
. “ _—

“|o

SINGLE-FACE LNEA PREHEATER CHOAD
CORRUGATING MEDIUM PREHEATER CHORD

STATIONARY
PAEREATER

Froure 5. Temperature Check Diagram—Single Facer.

run were being collected. The temperature data taken The pH, gel point, viscosity, temperature, and specific

at the single facer are shown in Table XII. The tem-
peratures throughout the entire run were, from a
practical standpoint, quite uniform.

The temperature check diagram used at the double
facer is shown in Figure 6. The temperature checks on
the preheaters were taken at approximately hourly
intervals. The temperature checks on the double-face
liner and single-faced board were taken on every run
combination at the time samples for that particular
run were being collected. The temperature data re-
corded at the double facer are given in Table XITI. It
may be noted that, with few exceptions, the tempera-
ture at any given point was practically the same
throughout the entire fabrication phase.

Once during each run combination the temperatures
on the front and back sides of each hotplate were
measured and recorded. These temperature readings
were taken during the time that board samples were
being collected--i.e., the corrugator was operating at
a speed of at least 300 lineal fect per minute,

In addition to the hotplate temperatures, the surface
temperature of the double-face liner was continuously
measurcd and recorded by means of a thermocouple
and a Minneapolis-Honeywell continuous recorder.
The thermocuple was so arranged that it contacted the
double-face liner as it emerged from the hotplate
section. The temperature data taken at the end of the
hotplate section are shown in Table XIIT,
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gravity of the starch adhesive did not change sig-
nificantly during the fabrication run.
Consistometer tests were made on samples of the

TABLE XI
MOISTURE CONTENT OF COMBINED BOARD

Room ATWOSPHERE

Immediately After

Run from Machine, One Hour,
Combinaticn . % T
1 8.7 10.1
2 8.0 —
3 9.2 —
4 8.5 —
- 5 8.3 —
6 8.0 —
7 8.4 —
8 8.9 —
9 8.4 —
10 7.2 —_
11 7.7 7.7
12 6.2 7.0
13 7.3 7.6
14 7.8 8.1
15 8.2 8.5
16 8.4 B.6
17 7.3 7.6
18 ' 9.0 9.1
19 7.6 7.9
20 7.6 7.9
21 8.0 8.1
22 7.9 8.1




TABLE XI1
TEMPERATURE DATA AT SINGLE FACER
All data in °F,

[ 6ad F11 #12 #14 #2 #3
Single-Faced
Pres- Stock—Liner Corrugating Temperature Stationary
sure Side at Base Medium—Top Side First Heated Preheater
Time Header  Temperature of Incline After Dancer Corrugating Roll for Single- Single-Face
Run Reading Lineto Liner Roll Conveyor Roll Medium Roll Face Liner Liner
Combi- Single

nation Front Back Facer Front Center Back Front Center Back Front Center Back  Front Center Back Front Center Back Tront Baf:k_

= -Prelim. R
Run 8:10 135 80 75 73 250 240 240 100 100 100 80 85 345 345 335 335
1 8:29 125 50 60 60 240 240 240 215 240 90 90 80 348
2 8:50 130 80 80 42 225 . 225. 235 _ 2000 191 190 - 80 80- — 80 345 T 345 345 7345
3 9:15 130 80 75 80 250 248 250 150 160 150 82 85 82
4 : 9:32 130 75 75 75 265 260 265 160 160 160 75 75 75 355 350 350 340 345
5 9:48- 9:52 130 70 70 70 255 250 250 145 150 150 80 &0 80 348 348
6 10:07-10:11 130 75 75 75 260 260 260 155 155 150 80 30 80 ’

7 10:30-10:36 130 78 78 78 265 260 270 160 155 150 80 80 80 360 360 360 348 345
8 10:49-10:55 130 80 78 78 255 255 255 160 155 155 75 78 80 360 360 342 342
9 H12-11:15 130 72 72 72 260 260 260 160 160 160 88 88 838 355 355 355 345 340
10 11:32-11:40 130 80 80 80 265 265 265 145 145 145 85 85 85 345 345

11 1:00- 1:07 128 80 80 80 260 260 260 150 150 140 90 90 90 340 340 340 345 345
12 1:18-1:23 128 85 85 85 255 260 255 145 145 145 80 80 80
13 1:36- 1:47 128 75 75 75 270 270 285 160 160 160 80 80 80 345 345 343 345 348
14 1:58-2:01 130 75 75 75 245 245 245 155 155 153 85 85 85
15 2:18- 2:30 128 80 80 80 245 245 245 M0 140 140 85 85 85 340 340 340 340 340
16 2:55- 3:00 130 85 85 85 250 248 250 140 140 140 88 88 88
17 J:15~ 3:28 130 8¢ 80 80 250 250 250 145 145 145 85 85 85 345 345 345 340 340
18 3:43 125 80 80 80 .250 250 250 150 150 150 85 85 85

19 4:09- 4:20 130 80 80 80 250 248 250 145 145 148 g5 85 85 345 345 345 340 340
20 4:20- 4:32 128 75 75 75 245 245 245 145 M5 145 85 82 82 .

21 4:47- 4:55 130 82 82 82 245 245 245 145 145 145 83 83 83 340 345 342 343
22 4:59- 5:03 128 &8 80 30 242 M2 245 140 140 140 83 82 83

* The preheater liner chord was measured as the minimum chord which could be drawn between the points where the liner contacted the circular pre-
heater; thus, it is an indirect measure of the contact surface.
** Number at top of column corresponds to like number in temperature check diagram.

TABLE XIII
TEMPERATURE DATA AT DOUBLE FACER
All data in °F,

#16 #21 #22 #23 #24
Single-Faced
Stock
Single-Faced Stock from Single-Faced Stock
Double-Face Single-Faced Stock Liner Surface Bridge irom Bridge
Liner Before Eantering Glue Before Entering Liner Corrugated
Run Preheaters Station Corrugated Hot Plates Surface Surface
Combi- Time

nation Read Front Center Back  Front Center Dack Front Center Back Front Back  Front Center Back

1 8:10- 8:25 85 90 9o 95 110 100 130 135 100 105 100 110 100

2 8:30- 8:45 80 85 80 Ho 125 105 95 100 150 100 100 180 175 50

3 9:05- 9:15 80 80 80 16 110 85 95 100 105 95 100 133 130 140

4 9:30- 9:45 80 80 80 20 90 105 110 100 95 90

5 9:50~ 9:55 70 80 e 100 90 135 40 140 90 100 105 105 110

6 10:05-10:15 73 60 85 120 110 100 145 150 140 95 105 100 S0 105

7 10:25-10:35 50 55 85 95 95 105 135 140 140 100 95 100 a5 110

8 10:45-10:55 73 80 75 160 95 110 130 136 130 25 20 g5 95 95

9 11:10-11:20 80 85 50 100 105 95 135 140 140 95 100 95 100 95

10 11:35~-11:50 70 70 80 115 110 90 135 140 135 95 95 120 110 95

11 1:00- 1:05 9 8 60 95 90 105 135 140 130 115 105 105 110 90

12 1:15-1:25 60 70 80 105 105 105 130 135 135 95 95 110 110 95

13 1:35- 1:40 80 85 80 101 160 90 135 140 135 105 90 90 95 35

14 1:55- 2:05 95 93 85 165 105 100 140 145 135 100 80 110 105 90

. 15 2:20- 2:25 90 90 95 95 90 85 130 140 145 110 85 920 95 100

16 2:55- 3:05 90 90 100 100 100 115 130 140 135 120 90 110 110 95

17 3:15- 3:25 9 90 80 105 105 115 140 145 135 110 90 90 85 90

18 3:45~ 4:00 60 60 80 100 100 100 140 145 150 100 95 e 110 95

19 4:10- 4:20 85 85 7§ 115 tis 100 135 145 140 100 83 95 95 85

20 4:30- 4:40 8 80 60 110 110 {05 140 145 145 8s 83 75 75 80

21 4:45~ 4:50 075 80 105 100 100 135 140 140 105 100 100 05 100

22 5:00~ 5:15 iS5 80 105 100 100 140 145 140 100 100 95 95 95
* See Note Table XIT.
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TABLE XII
TEMPERATURE DATA AT SINGLE FACER
All data in °F,

#M #5 £9 #10 £ 6 *
Second . .
Heated
First Heater Roll After Shower .
Roll After Stationary Steam Single-
Stationary Preheater Bottom Top Pressure "~ 8. F. Liner Facer
Single-Face for Single- Corrugating Cerrugating Pressure for Before Pressure Pre-
Liner Preheater  Face Liner Roll Roll Roll Medium Roll };e.aler
Aner

Front Center Back_ ]_?m_nt. Back Front Back

Front Back Front Back Top Bettom Front Center Back Chord

21

340 340 340 340 340 335 335 10 7 230 225
350 340 10 10 240 250
T 3457 345 T 348 348 345 7325 " -7 T 345 - =25 -10--225 225
10 10
345 345 345 350 "350° 340 335 355 10 10
348 345 348 340 342 348 345 10 10
310 313 10 10
348 348 348 348 348 325 325 322 320 348 348 10 10
330 330 330 330 355 35§ 2 10
350 350 350 23 10
350 348 348 348 348 330 325 325 325 340 340 25 10
345 340 345 345 345 325 325 325 320 345 345 25 10
25 10
348 345 345 348 350 330 325 330 328 348 350 25 10
10 10
345 345 345 345 345 330 325 325 325 345 345 10 10
10 i0
345 345 345 . 345 345 330 330 325 325 345 350 20 12
) 20 10
342 343 343 345 345 330 330 330 330 345 345 10 10
20 10
350 345 343 348 348 330 330 325 325 348 345 i5 10
: 10 10
TABLE XIII
TEMPERATURE DATA AT DOUBLE FACER
All data in °F,
#25 11 #18 20
Double-Face Liner
Refore Entering Bottom-Liner Revolving Preheater
Hot Plates Preheater Roll-Bottom Single-Faced
Bottom Side Stationary Line Preheater Stock
Front Center Back Front Back Front Back Front Back
145 165 310 305 325 350 345
145 145 135 ‘
105 105 110
150 150 350 345 375 360 385 355
145 150 140
140 140 150 340 345 355 360 360 355
145 150 145
150 150 130
145 150 145 340 340 365 375 355 335
140 145 155
145 150 155 340 360 355 370 350 375
140 150 135
140 150 150
140 150 140 350 350 355 350 355 365
145 150 150
135 145 150 350 350 365 370 360 355
155 165 155
140 150 150
155 155 150 350 350 360 365 355 365
145 150 150
150 155 350 355 335 360 360 360
130 155 130

225 15¢"
240 15
230 15

Pre-
heater
Arc-
Chord

Medium
Preheater

340
348 -
345
340
345
340

345
345

345
345
345
345
345

Temperature
Double-Face

Liner

345
340
345
340

345
345

345
345
345
345
345

°F.)

Discharge

End of Hot

Plate

300
300
300
300
300
300
305
310
305
300
305
207
295
310
308
305
305
305
300
300
305
305

"Run
Combi-

Front Center Back nation

" Prelim.
340 Run

348- .-
348

Run_
Combi-
nation

O Q0 O L G D
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FieuRre 6. Temperature Check Diagram—Double Facer.

Bondcor C suspension taken from the storage tank at
the beginning and end of the fabrication run and are
given in Figures 7 and 8, respectively. The curves show

TABLE XIV

DATA ON THE CORRUGATING ADHIESIVE DURING
FABRICATION RUN

B Temperature,
Gel T Viscosity, sec.* Specific
Point Gravity
in Stor- Stor- in
pH Pan, age Starch age Starch Storage
Units °C. Tank Pan Tank Pan Tank
7:30 am** 10.95 67 102 102 32 33 1.075
8:30 32,0
8:45 10.93 100 32.0 32.0
9:10 100 102 33.0 320
9:40 10.97 67.5 100 102 32,5 306
10:10 100 101 32,5 325
10:40 100 103 31.5 30.5 1.075
11:10 101 104 32,5 31.5
11:40 100 14 32,2 30.0
12:40 p.m. 100 104 32.0 3.0
1:00 10.92 66,5 100 104 2.1 3.0 1073
1:30 0 104 33.0 31.2
2:00 100 103 33.0 129.3
2:35 100 103 32.5 313
3:00 10.91 0o 104 33.5 31.2 1,075
3:30 1n 104 33.5 3.5
4:00 67.0 101 105 33.5 307
4;30 102 105 319 30,0
5:00 103 106 31.3 310 t.075
1’).: Il"n)sl'.ilule of Paper Chemisiry viscometer (water=13 seconds at

** Fabrication run started at 8:00 2.m. and was completed at ap-
proximately 3:00 p.m

a satisfactory gel point for corn starch and indicate
that the starch had not been degraded. These curves
also show that the viscosity characteristics of the
starch suspension at the beginning and end of the run
were practically identical and that the gel point did not
shift during the run.

TESTING PROCEDURE

The testing program carried out on the samples ob-
tained from the fabrication of the various run combina-
tions may be divided into three parts. First, physical
tests were run on the samples of the component ma-
terials from which the combined board was fabricated.
Second, physical tests were carried out on the com-
bined board. Third, the boxes made during this run
were subjected to laboratory tests to determine their
comparative laboratory performance.

CoupoNENT TESTS

A component sample may be defined as a sample
of either the liner or corrugating medium taken from
the front, center, or back of the respective roll at any
specific sampling period (beginning, middle, or end) of
any of the twenty-two run combinations. These
samples were conditioned and tested for basis weight,
caliper, bursting strength, G. E. puncture, Elmendorf
tear, Amthor tensile and stretch, and ring compression.
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The samples were conditioned and tested by the pro-
cedure described in detail in Part I of Bascline Studies
1. In general, the number of specimens per sample and
the number of tests per specimen were as outlined in
the previous report. However, in some instances, the
“cut-out” samples, taken at the middle of the run
combination, were not of sufficient size to permit
running all the tests. The detailed results for the
physical characteristics of the components used in Run
Combinations 1 through 22 are given in Table XLVII
of Appendix A.

CoMBINED BoarD TESTS

_ . Following the fabrication.of the sclected rolls into--

B-flute corrugated boards and their subsequent con-
version into boxes, the ‘“knock-down” boxes were
packed in cartons and delivered by truck to The
Institute of Paper Chemistry. As soon as the hoxes
were received, each specimen within each run combina-
tion or sample lot was stamped with a number cor-
responding to the code number under which the
identity of that particular sample lot was filed. Fol-
lowing the coding, the specimens in each sample lot
were thoroughly shuffled. Ten ‘knock-down’' boxes
made from the front-side blanks and ten boxes from
the back-side blanks were withdrawn for the combined
board tests (detailed test results are given in Tables
XLV and XLVI of Appendix A). Within each sample
lot, the combined board samples taken from the two
lots of boxes were tested separately. However, the re-
sults shown in the body of the report are the average
of the results thus obtained.

The combined board tests were carried out on the

25—
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Freure 7. Consistometer Curve for Starch Adhesive at
Beginning of Fabrication Run,
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TicURE 8. Consistometer Curve for Starch Adhesive at
End of Fabrication Run.

panels and flaps of the boxes selected for testing from
each sample lot.

The boxes withdrawn for combined board tests were
preconditioned for at least 24 hours at a relative hu-
midity of 35+ 29 and at a temperature of 73 +3.5° F.
Following the preconditioning, the samples were con-
ditioned for at least 48 hours and tested in an atmos-
phere at 50429, relative humidity and a temperature
of 73+3.5° I.

The following combined board tests were carried out.

Basis Weight

The basis weight, expressed as the weight in pounds
per thousand square feet of combined board, was de-
termined by weighing one 9 by 12-inch specimen free
from score lines from each of five test boxes. The five
specimens were weighed at one time on a balance on
which the smallest scale division was 0.01 gram. The
results were then converted to pounds per thousand
square feet.

Bursting Strength

Bursting strength tests were performed with a
motor-driven “Jumbo” Mullen tester equipped with a
300-pound gage and also with a special attachment for
controlling the clamping pressure on the specimen.

Two test readings were obtained on cach of 10speci-
mens per sample. On each specimen, one test was ob-
tained with the diaphragm pressure applied to the
single-face liner and one test with the pressure applied
to the double-face liner. The clamping pressure was
set at approximately 15 pounds per square inch.

]




Figure 9. Small Revolving Drum Tester,

G. E. Puncture '

The G. E. puncture tests were catried out with the
new model G. E. puncture tester. TAPPT Standard
T 803 m-44 was followed. Two punctures; one in each
direction, were made on each of the 10 specimens per
sample,

G. . Stiffness

G. E. stifiness tests were carried out on the G. E.
puncture tester by slitting the combined board along
the lines corresponding to the edges of the puncture
head and testing the aligned samples on the puncture
tester (TAPPI Standard T 803 m-44). Two stiffness
tests, one in each direction, were made on each of the
10 specimens per sample.

Adhesion

The normal adhesion test (pin adhesion test) was
run on 10 specimens per sample. Five samples were run
with the single-face liner down and five with the
doubie-face liner down, Institute Tentative Method
581 was used for this work. Briefly, the method con-
sists of inserting steel pins in the flutes of a corrugated

_ board sample and forcing the liners apart uniformly

by means of two racks (each of which engages alternate
pins) in a small compression machine until rupture
occurs. The rupture may be in the liner, in the glue
line, or in the corrugations. The load at which rupture
occurs and the nature of the rupture are recorded.

Hinde and Dauch Flat Crush -
The flat crush resistance of corrugated board is the

maximum compressive force in pounds per square inch
that the corrugations will sustain before failure by
-collapse when the force is applied perpendicular to the
surface of the board. Institute Tentative Method 575

was used for these tests. Tests were made on ten speci-
3 mens per sample.

Moisture

The moisture content of the corruvgated board was
determined after conditioning in an atmosphere at

73+3.5°. F. Specimens from each sample lot were
weighed in a tared weighing bottle and then _drieﬁd_f_g;
“approximatély 18 hours in 4 forced air circulation oven

‘maintained at 105° C. When constant weight was at- -

tained, the loss in weight from the initial sample
weight at 509 relative humidity was considered
moisture and was calculated as such on the ovendry
basis. ' '

Box TesTs

The specimens in each sample lot were coded and
thoroughly shuffled so as to obtain random selection of
each test specimen. In order to compensate for any
possible difference between the boxes made on the
front side of the corrugator from those made on the
back side, equal numbers of boxes from each side were
tested (for detailed test results, see Table XLIV of
Appendix A) and the results are given as the average
of the two tests.

Prior to testing, all boxes were preconditioned for 24
hours in an atmosphere at a relative humidity of not
over 35%,. The samples were then placed in an atmos-
phere having a relative humidity of 50+ 29, and a
temperature of 73+ 3.5° F. After 48 hours’ condition-
ing in the atmosphere maintained at 509, relative
humidity, the bottom flaps were flexed and sealed with
silicate of soda.

Each container specimen for the drop and the drum
test was loaded with 24 No. 2% size cans filled with
water so that the gross weight of the cans was 50+ %
pounds. The cans used were 1.25 hot-dipped tin-coated,
plain tin inside and out.

After being sealed, all specimens were conditioned
for a minimum of 48 hours in the testing atmosphere
prior to testing.

Small Revolving Drum Test

The drum tests were performed in a 7-foot revolving
drum tester (Figure 9). The drum had six faces with
the usual standardized hazards and baffle boards for
each fall.* Adjacent faces formed angles of about 120°
with one another. The faces were mounted between
two large steel annular rings which provided the driv-
ing surface for the drum. The drum revolved at a rate
of 1% revolutions per minute, subjecting the specimen

* Newlin, J. A., and Wilson, T. R. C. The devel;)pment of a box test- '

ing machine and some results of tests. Proc. Am. Soc. Testing Materials
16: 320-342 (1916), For drum specifications, see TAPPI Standard T
800 sm-44. '

+
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to 11 falls per minute, one fall being the passage of the
specimen over one face of the drum.

Eight specimens of each type of box were tested in
each sample lot. Each specimen was placed in the same
position in the tester at the start of the test. As the
drum revelved, observations were made 6f the number
of falls at which various degrees of box damage de-
veloped. These included: (1) the first can cut, (2) the
first six-inch tear, and (3) the final box failure.

F1cuRre 10. 12-Inch Corner Drop Tester,

A can cut is defined as an opening in a score of the
container produced by the impact or pressure of a can.

A six-inch tear is defined as the tear in a container
measuring six inches in length, regardless of the posi-
tion of such a tear.

A final box failure is indicated by the spilling of the

contents and/or by a tear joining any two paralicl
faces of the container.

Twelve-Inch Corner Drop Test

_ Drop tests to failure were made from a height of 12
inches by means of the apparatus shown in Figure 10.
The containers were dropped on successive corners (as

25

ilustrated in Figure 11) onto the level, machined, cast-
iron base of the apparatus. _
Eight front and cight back specimens were tested in
each sample lot. Iach specimen was positioned in a
canvas sling which was suspended from a quick release

4

BoTtTom witH MFa JoinT

SEAL

Freure 11. 12-Inch Drop Sequence,

hook which, in turn, was held by a block and tackle
mechanism fastened to the top frame of the drop tester.
Before each drop, the specimen was so aligned that a
diagonal passing through opposite corners and the
center of.gravity of the box was perpendicular to the
cast-iron base of the drop tester. The specimen was
inspected after each drop. The number of drops re-
quired to develop each degree of box damage was re-
ported on the same basis as for the small revolving
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box failure.
Compression Tests

Compression tests were made on empty, sealed con-
tainers according to TAPPI Standard T 804 m-45

(A.S.T.M. Designation D 642~43). The apparatus is -

shown in Figure 12. The upper platen of the compres-
sion tester was lowered mechanically at a uniform rate
of  inch per minute throughout each test. The upper
platen was parallel to the platform of a scale which
acted as the lower platen. Autographic stress-strain
curves were obtained over the entire testing period.
In this way, the stress value at any given strain value
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was vibldined.
In this study, the deflection at an initial load of 50
pounds was considered as zero deflection. Thus, all the
deflection values reported herein were measured with
the zero deflection at 50-pound load as the zero refer-
ence point. L
‘Eight front and eight back specimens were tested in
each sample lot for top-load and end-load compression.
The values obtained from the stress-strain diagram
were:
1. The maximum load sustained
2. The deflection at maximum lead
3. The loads sustained in the deflection ranges 0 to
0.25, 0 to 0.50, and 0 to 0.75 inches.

+



DISCUSSION OF RESULTS

As indicated in Figure 2, the fabrication phase of the
baseline study was divided into three sections. The
first section consisted of Run Combinations 1 through
8 and was a comparison of the relative quality of the
combined board and boxes which were produced by

quality corrugating medium with standard liners. The

.-

- -~ —- ~fabricating-a-roll of*each-participa.ting'mill’S‘averane""“ e

standard liners were representative of the over-all
““average quality of all the 42-1b. Fourdrinier kraft liner

- rolls tested in Part I of Baselihe Studies 1.~

The second section included Run Combinations 9
-through 18 and was a comparison of the relative
quality of the combined boards and boxes resulting
from the fabrication of a set of each participating mill’s
average quality 42-1b. Fourdrinier kraft liners with a

801
70
60-

50

304

20

NUMBER OF FALLS TO BOX FAILURE

4 5 8 7
RUN COMBINATION

I 2 3 8

Ficure 13. Comparison of Drum Tests—Run Combinations 1-8,

standard corrugating medium. The standard corrugat-
ing medium was representative of the over-all quality
of all the 26-lb. Fourdrinier kraft corrugating rolls
tested in Part T of Baseline Studies 1.

The third section included Run Combinations 19
" through 22 and was a study of the quality of the com-
bined board and subsequent hoxes which were: pro-
duced by the fabrication of various combinations of
low- and high-test liners and corrugating mediums. It
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F1Guke 14. Comparison of 12-Inch Corner Drop Tests—
Run Combinations 1-8,

is to be emphasized that the terms “high” and “low”
strength as used in this particular study do nof refer
merely to low and high bursting strength but are
indicative of the over-all physical strength comparison
of those particular rolls as determined by bursting
strength, Amthor tensile, stretch, Elmendorf tear, and
ring compression.

ErreEcr oF VARYING THE CORRUGATING MEDIUM
(RuN COMBINATIONS 1-8)

Bozxes

The results of the physical tests on the boxes made
from Run Combinations 1 through 8 may be seen in
Table XV (sec also Table XLI of Appendix A) and
Figures 13-15. The average number of falls to box
failure in the small revolving drum was 44 for the
boxes in this group, When specimens from the same
sample lots were subjected to the twelve-inch corner
drop test, the group average number of drops to box
failure was 7.9. Similarly, the group average top-com-
pression load sustained within the deflection range
0-0.75 inch and the group average end-compression
load sustained in the deflection range 0-0.50 inch were
477 and 363 pounds, respectivelyv.
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- ‘ | the group, and Samples 5 and 7 were below average.
The drum, drop, and compression results for Samples

6 and 8 were above the average for the group, and the

) same test results for Samples 5 and 7 were consistently

<700+ » : below the average for the group. .

A comparison of the results-of the drum and-drop

- L UBB0H - . e e e e e e e ee e
. . tests showed that the drum test ranked the samples
.5004 m—_-‘ _ . in approximately the same order as the drop test.
vy However, the compression results did not necessarily
3 ‘ ) ‘ align the samples in the same order as the drum or drop
g0 1 L -] tests. This béhavior indicated that the drum, drop, and
- 450_.[__ ol k=l |- -le==3l—-|- ~———|— compression-tests'do not necessarily measure’the same™
;_' - characteristics of a box. Consequently, no one of the
5 o0- - above tests alone should be used as an over-all index . _
- - "‘“'E"_-,sb“_" net | el Rl | R | IR | A T of quality as defined by laporatoyy box performance.
-~ -~ o, . S e s v .
% 3004 Combined Boards
© The results of the combined board tests on samples

\Y]
3
1

. ' taken from the boxes made from Run Combinations 1

2001 through 8 are given in Table X VI (see also Table XLI
150} | of Appendix A) and Figures 16 and 17. It may be noted
that the bursting strength results for all the run

, m? combinations were in excess of 200 points. The average
i 50-] bursting strength for the group was 234 points. The
0 difference in bursting strength between the maximum
i 2 3 4 5 6 1 8 (240) and minimum (220) sample averages amounted
. RUN COMBINATION to only 20 points,
. Fiouxs 15, Comparison of _Compression: Tests—Run ' The group average for the G. E. puncture value was
’ C"ﬂ}’};lgaiﬁ?f (10'_% 50 inch) 208 units but, unlike the bursting strength, the dif-
' —eememeeeeee Top Load (0-0.75 inch) . - ference between the maximum (226) and the minimum

(169) sample average amounted to 57 units. Further-
*, There was considerable variation among the boxes more, the bursting strength value was always higher
made in this series.with corrugating mediums repre- in magnitude than the corresponding G. E. puncture
sentative of the sampled production of the various value. Samples 5 and 7, which had the lowest drum,
mills. From the standpoint of compressive strength, drop, and compression values for the boxes, had the
Samples 1;.2, 6, and 8 were above the average. Samples lowest G. E. puncture values on the combined board.
"3 and 4 had compression values which were approxi- The group average for the G. E. stiffness value was
mately the same as the group average. On the other 86 units. In general, the G. E, stifiness values showed
hand, Samples § and 7 were substantially below the  about the same trend as the G. E. puncture values.
average for the group. The average pin adhesion strength for the group was
When the performance of the eight different samples 68 pounds. Most of the samples were fairly consistent
was based on the results of the drop and drum tests, in respect to pin adhesion strength, the only exceptions
Samples 3, 6, and 8 were above the average, Samples heing Samples 3 and 7. :
1, 2, and 4 compared favorably with the average for It may be noted that the average flat crush value for

TABLE XV -
PHYSICAL CHARACTERISTICS OF BOXES—RUN COMBINATIONS 1-8

Top-Load (fompres~ End-Load Compres-

Drum 12-Inch Corner Drop sion in Deflection sion in Deflection
Falls Drops -

Run Lrc. Weight  toBox to Box : Range 0-0.75 in.  Range 0-0.50 in,
Combina- . Rall Mill per 1000 Fail- § E, Fail- 5.E.,, Load, S E., Lead, S.E,
tion No. Code Boxes,lb. wure S . E. % ure  S:E. % Ib. S.E. 9% ih. S.E. %
1 7 w-8 1047 38 3.2 8 7.9 .50 6 487 7.1 i 634 16.8 3

2 L U-8 1047 42 2.9 7 8.1 .32 4 506 8.3 2 628 10.9 2
, 3 0 Z-8 1031 49 3.1 6 8.6 .41 5 505 6.0 1 523 24.3. 5
4 o T-9 1038 42 3.4 8 8.3 .38 5 469 9.5 2 L S92 16.1 3
5 11 V-7 1038 32 2.8 9 5.8 17 3 397 6.8 2 423 16.4 4
6 2 X-2 1038 48 3.3 7 8.1 .46 6 489 8.7 2 611 23.6 4
7 13 . Y9 1044 37 3.5 9 6.5 .38 6 460 7.2 2 469 12.6 3
8 it 56" 1053 ' 60 5.5 8 10,1 .50 5 502 6,2 1 620 17.9 3
Average 1042 4 35 8 7.9 39 5 477 7.5 1.6 363 17.3 34
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BURSTING STRENGTH
G E. PUNCTURE

2 3 4 5 6 7 8
RUN COMBINATION

Frcore 16, Comparison of Bursting Strength and G. E. Puncture Tests—Run Combinations 1-8.

80

GE STIFFNESS
PiN ADHE SION
FLAT CRUSH

j

-

2 3 4 5 6 7 )
RUN COMBINATION
Ficure 17. Comparison of G. E. Stifiness, Pin Adhesion, and Flat Crush Tests—Run Combinations 1-8.
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TABLE XVI
PHYSICAL CHARACTERISTICS OF COMBINED BOARD--RUN COMBINATIONS 1-8
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the group (26.8 p.s.i.) was considerably lower than the
flat crush normally encountered on B-flute board.
Samples 2, 3, and 8 were the only cnes which had flat
crush values of 30 p.s.i. or above. Sample 5 had an
exceedingly low flat crush value—namely, 14.5 p.s.i.
The sample with the lowest flat crush results also gave
the lowest drum, drop, and compression results on the
boxes. The flat crush, G. E. stifiness, and G. E. punc-
ture tests ranked the samplesin the same general order.

70+
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Freurr 18, Compatison of Drum Tests—Run Combinations 9-18.

Components

A tabulation of the physical characteristics of the
materials used in Run Combinations 1 through 8 is
given in Table XVII (see also Table XLI of Appendix
A). A comparison of the over-all test results indicated
that, in general, the physical characteristics of the
single-face liners used in Run Combinations -8 were
fairly uniform. The same may be said regarding the
double-face liners. On the other hand, the corrugating
mediums used in Run Combinations 5 and 7 had
lower bursting strength, G. E. puncture, and tear
values than those used in the other run combinations.

Errect OF VARYING THE LINER (RUN COMBINATIONS
9-18)

Boxes

The second phase of this study involved the fabrica-
tion of rolls of “standard” corrugating medium with
sets of liners representative of the average for cach
participating mill. The results of the tests on the boxes
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" Ficure 19, Comparison of 12-Inch Drop Tests—Run Freure 20. Comparison of Compression Tests—Run
* Combinations 9-18, Combinations 9-18,
’ End Load (0-0.50 inch)
-—-—-———-Top Load (0-0.75 inch}
TABLE XVII
PHYSICAL CHARACTERISTICS OF COMPONLENTS—RUN COMBINATIONS 1 THROUGH 8
Ring Elmendorf
Basis G. E. Compression, Tear, Amther Tensile, Amthor
Run LP.C. Weight Bursting Punc- Ib, g./sheet Ib. /in. Stretch, %
Combina- Roll {12x12/ Caliper, Strength, ture,
tion No. 1000),1b. points points units - In Across In  Across In Aernss In  Actoss
Corrugating Medium
1 7 26.0 9.2 61 19 17.9 11.9 195 268 56.6 21.4 1.7 31
2 8 25.9 10.1 61 18 18.2 13.1 198 238 53.2 43 1.8 4.2
3 9 26 .4 2.9 75 20 19.4 15.8 116 241 56.8 32.8 2.0 4.7
4 10 26.1 10.0 57 20 16.9 13.2 211 235 47.1 23.8 1.5 3.2
K 1" 26.2 10.5 31 9 13.0 10.2 109 121 30.1 17.% 1.0 2.1
6 12 271 0.5 58 19 19.5 14.4 239 259 51.3 251 2.0 4.1
7 13 26,0 8.8 50 15 18.7 13.3 165 196 48.0 22.2 1.9 3.3
8 14 26.3 q.9 53 21 19.1 15.7 259 254 48.4 31.3 1.5 4.7
Single Face Liner
1 4 42.9 15.1 87 39 26,5 22,0 331 389 76 0 36.6 1.8 2.8
2 4 41.9 15.2 88 37 27.4 21.9 322 386 75.4 3.5 1.7 2.7
3 5 39.8 4.4 89 35 K19 24,1 324 386 76.5 37.3 2.0 2.9
4 5 40.1 14.4 a3 — 29 4 22.5 315 381 74.7 37 2.2 3.0
3 5 40.6 14.5 94 — 29.2 22.9 323 364 75.2 37 2 21 2.9
0 5 40.7 14.5 9% 34 30.3 23.6 329 377 75.2 363 21 3.0
7 6 39.9 I4.4 80 36 29.3 23.1 335 388 751 37 s 2.1 3.1
8 6 39.9 14.4 80 35 26.4 22.3 329 374 6.8 KT 2.0 3.0
Dauble Face Liner I
1 1 4.4 15.4 90 36 30.7 23.8 336 304 843 39 20 3.4
2 1 4.7 15.2 98 — 3.1 23.3 359 397 81.1 KEAY 1.8 3.5
3 1 42.2 15.3 96 3% 3.3 23.4 350 407 36.2 7.z 2.0 3.2
4 2 41.6 15.9 107 38 31.0 2.1 334 377 82.6 LU 2.2 3.3
5 2 41.9 16.2 104 — 35.6 26,1 348 304 82.0 3%.2 2.5 3.2
fi 2 41.9 16.1 101 38 34.0 25.7 346 396 83.1 K] 2.3 3.5
7 3 43.4 16.3 87 38 28.7 20.8 350 399 82.7 3.1 20 3.2
8 3 43,4 16.0 93 38 30.7 22.3 331 376 81.0 A4 2.2 i.2
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in Table XVIII (sce also Table XLII of Appendix A)
and Figures 18 to 20. )

The drum test results (Figure 18) showed that the
bozes of Run Combination 10 gave the highest average
with 69 falls to box failure; boxes from Run Combina-
tions 12 and-14 averaged above 60 falls. The remaining
run combinations, arranged in the order of decreasing
drum wvalues, were 11, 15, 17, 16, 9, 13, and 18, The
drum test results obtained on the boxes of Run Com-
binations 9 through 18 showed that the variation be-

TABLE XVIII

sion results were 476 and §80 pounds, respectively. In
the deflection range 0-0.75 inch, boxes of Run Com-
binations 9, 10, 11, and 15 had top-compression values
above 500 pounds. On the other hand, boxes of Run
Combination 18 had a top-compression test of only
-374-pounds. Similarly, in-the deflection range 0-0.50
inch, boxes of Run Combinations 11, 14, and 16 had
end-compression values in excess of 650 pounds. The
lowest end-compression value was obtained for boxes
of Run Combination 18.

PHYSICAL CHARACTERISTICS OF BOXES—RUN COMBINATIONS 9-18

"Drum " 12-Inch Corner Drop ~ Top-Load Compres-  ~End-Load Compres-
. sion in Deflection sion in Deflection
Weight Falls Drops Range 0~0.75 in. Range 0-0.50 in.
Run LP.C. per 1000  to Box to Box
Combina- Roll Mill  Boxes, Fail- 5. E, Fail- S.E, Load, S.E., Load, S.E,
tion No. Code Ih, ure S.E. 9% uwre S$.E % lb. S.E b, S.E %
9 15 A-7 1056 42 2.8 7 7.6 .35 5 501 9.5 2 614 15.1 2
16 A-22
10 17 H-11 1085 0 60 9 11.2 58 5 5280 69 1 646 13.9 2
18 H-8 '
11 19 B-13 1076 59 5.9 10 2.6 .46 5 525 7.6 1 668 12.4 2
20 B-1
12 21 I-1¢ 1075 67 3.5 5 12.0 47 4 500 7.8 2 024 15.4 2
22 I-12 -
13 23 F-5 1019 39 3.5 9 6.9 .39 6 458 6.1 i 478 15.2 3
24 F-6
14 25 C10 1079 63 41 7 1t 52 s 68 7.4 2 656 151 2
26 Cc9
15 27 D-20 1076 55 3.6 7 9.8 .52 5 506 9.1 2 602 14.4 2
28 D-5
16 29 E-5 1072 49 2.9 6 9.3 .30 3 470 6.3 1 653 14.6 2
30 E-3
17 3 G-12 1044 50 29 4] 8.5 .34 4 434 7.0 2 459 14.3 3
32 G-1
18 33 J-1 1041 36 3.5 10 5.6 .34 6 3714 7.4 2 399 15.0 4
34 J3
Average 1062 33 3.9 8 9.2 .43 5 476 1.5 I 2 580 14.5 2

tween hoxes made with liners from different mills
was of considerable magnitude. The average for a given
run combination varied from a maximum of 69 falls
to a minimum of 36 falls to box failure.

The drop test results given in Table XVITI and
Figure 19 show that the average number of drops to
box failure for the group was 9.2. Boxes of Run Com-
bination 12 had an average of 12.0 drops to hox
failure. The boxes of Run Combination 18 had the
lowest drop test-——namely, 5.6 drops. A comparison of
the test results indicated that a variation of consider-
able magnitude existed between the boxes of the dif-
ferent run combinations. The drop test results arranged
the boxes of Run Combinations 9 through 18 in ap-
proximately the same order as did the drum test re-
sults.

The results of the compression tests are shown in
Table XVIII and are illustrated in Figure 20. The

The data in Table XVIII indicated that there was
considerable variation in the relative performance
characteristics of the boxes made from combined
boards produced by the fabrication of a set of each
participating mill’s average quality 42-1b. kraft liner
with a “standard” corrugating medium.

Combined Boards

The results of the combined board tests on Run
Combinations 9 through 18 are shown in Table XIX
(see also Table XLII of Appendix A) and Figures 21
and 22. The results of the bursting strength test indi-
cated that all the run combinations had bursting
strengths above 200 points, except Run Combination
13 which averaged 185 points. The average bursting
strength for the group was 230 points.

All the G. E. puncture values were above 200 units,
except for Run Combinations 13 and 18, which had
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7 puncture valucs of 191 and 176 units, respectively.

= The average G. L. puncture value for the group was
& 217 units.
T T T B T S R R R, The group average for the pin adhesion strength
Blw © 9 9 S S ©° © © ©° 9 S g7 pounds. The group averages for G. E. stiffness
- g- g - and flat crush were 87 units and 26.2 p.s.i., respec-
i 5, G eem == e o o a tively. The flat crush results were lower in general
> S 88 & 88 PS 22 8 than those normally obtained on B-flute board.
Components .
B v o m o e e e e Although the four rolls selected as standard corru-
g Tt sttt s -— - - gating medium-were comparable in terms of the over= -
E H o oo o meo o o all average (_)f the laboratory test results, their runn'i_ng
Sl = o A5 6 S = S = o I charz{gtg:rlstlcs‘, were not the same, The corrugating
g medium used in Run Combinations 14, 15, and 16 ran
" very well on the corrugator. On the other hand, con-
® 2 R ELXLERRIF ez i
& = siderable difficulty was encountered on the corrugator
o7} with the corrugating medium used in Run Combina-
A . > .
S e tions 17 and 18. Differences were also noted in the
> s NN N e~ = = & o G, E stiffness and flat crush test results obtained for
g § the run combinations in question. It is apparent that
= g A Mm% e 9 o @ owm o« o« the over-all average quality of the corrugating me-
8 gl - T 7T 7 ™ = = = = o < dium, as determined by the laboratory tests to which
z2 dJdf, these samples were subjected, did not adequately pre-
m P 295528 rREene e dict the G. E. stiffness or flat crush results obtained
I 2 on the resulting combined boards. The results of the
9 FHNg .
% . tests on the standard corrugating medium and the
2 Mmoo —. . Various sets of mill average liners are given in Table
?j o o [ XX. )
-1 The test results in Table XX (sce also Table XLIT
=5 gl T w2 2 momoenomow of Appendix A) show that, in general, the liners used
5 5 & ® in Run Combination 13 had the lowest values. When
’c: Sl o only bursting strength, G. E. puncture, tear, and ten-
=] E § S 83333 8 8 3 2 & sileare considered, the liners used in Run Combina-
wn D ™ (o] o~y o~y — o™ o o~ (o] — (] . . .
0 tion 12 had the highest over-all test values with 10,
B 14, and 15 next in order of decreasing magnitude.
2 .
A A 2& -8 T 7 - = = s w =~ MISCELLANEOUS COMBINATIONS OF LINERS AND CoOR-
g 0 RUGATING MEDIUMS (RUN CoMBINATION 19-22)
< § i ST S Mo m e~ = ow - Boxes
= - W N M N M N o M oe e N
Y g The results of the physical tests on the boxes result-
2 Ely ing from the fabrication of various low- and high-test
2 @8 wm R 8 % e 2 mom o~ o ki d . & d i
I £ S 333 F R IFTs g2 iners and corrugating mediums are preSfante m
e Table XXI (see also Table XLIII of Appendix A) and
T s are shown graphically in Figures 23, 24, and 25. The
I R R R R terms “low’ and “high” strength do not refer merel
5584 % 8 a3 28888848 5 BLh do not reler merely
R[EIT T tobursting strength but include an over-all comparison
with the average rolls on the basis of the following
86 T 9@ m @ © ®m & m o ~ o Lests:bursting strength, Amthor tensile and stretch,
235 ® © © & & & ® © & % « Elmendorf tear, and ring compression. In Run Com-
binaticn 19, two high-strength liners were fabricated
58 n8Te0NnoSaRnnnd o n with a hi.gh-str,ength corrugating r_nedium; in Run
=0 4CDmAdAlddOORRnRGE LT Combination 20 the two liners used in Run Combina-
tion 19 were fabricated with a low-strength corrugat-
U 5 oot a0 ing medium. In Run Combination 21, two low-strength
e -t - e — . . .
By ~emSmASNNARSSRARSSRY liners were combined with the low-strength corrugat-
ing medium used in Run Combination 20. In Run
c2S o o - - « Combination 22, the low-strength liners used in Run
=1 — uwy I~ - . - ' -
n:a‘g*é =S s 2 E2ans %o Combination 21 were fabricated with the high-strength
£ corrugating medium used in Run Combination 19.
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Ficuge 21, Comparison of Bursting Strength and G. E. Puncture Tests—Run Combinations 9-18.
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Ficure 22, Comparison of G. E. Stifiness, Pin Adhesion, and Flat Crush Tests—Run Combinations 9-18.
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TABLE XX
PHYSICAL CHARACTERISTICS OF COMPONENTS-—RUN COMRBINATIONS 9-18

Basis G. .
Combi- Roll (12x12 Caliper, Strength, ture,

Ring Compres- Elmendorf Tear, ~ Amthor Tensile,  Amthor Stretch,
Run  LP.C. Weight Bursting  T'unc- sion, Ib. g./sheet lb. fin.

0

* nation~ No, x1000);lb. points points unit -~ - In-

Across In Across T In Across In™ Across
H

Corrugating Medium

9 39 28.0 59 21 19.4

11.1 14.6 243 282 55.8 25.7 1.7 3.3
10 39 27.8 11.0 o4 —_ 20.3 15.0 244 281 56.6 26.8 1.6 3.3
11 39 27.8 ., 109 62 V4| 18.9 15.1 24 283 56.7 26.8 1.9 3.4
12 40 26.8 9.2 63 19 18.2 13.0 214 252 53.6 23.1 2.1 3.9
13 40 26.2 9.2 63 17 21.0 14.4 226 250 50.6 23.4 1.9 4.1
T4 41 77270 1173 T 62T T 17 ° 2.2 1335 226 268° T TS0 2303 2277 40 -~
15 41 27,0 11.4 67 _ 18.8 14.0 221 275 54.9 23.3 2.2 4.3
16 41 21.2 11.4 63 19 18.2 13.1 229 278 52.4 23.4 2.0 4.3
17 42 260 9.3 62 . 16 192 141 208 249 _ 52.4 243 1.8 2.9
18 42 26.1 9.3 64 16 21.4 15.8 198 249 52.8 24.6 1.9 2.9
Single-Face Liner
9 15 40,3 13.8 92 35 209 M4 318 367 76.2 38.8 2.0 3.1
10 17 42.2 15.6 99 38 29.4 24.0 382 422 75.4 40.2 2.0 3.5
11 19 43.3 15.7 96 38 30.6 24.7 361 431 86.6 40.4 2.0 3.0
12 21 43.1 14.9 104 42 28.4 21.2 n 452 85.1 36.4 2.3 4.3
13 23 40.3 12.9 81 36 25.1 21.9 303 334 68.4 35.5 1.7 2.9
14 25 42.0 14.5 94 38 31.0 19.4 340 420 86.5 36.8 1.4 3.7
15 27 4.0 14.8 920 37 28.0 22.4 372 380 n.1 42.8 2.1 3.9
16 29 42.6 16.0 84 35 28.6 20,1 320 in 83.0 33.5 1.6 3.4
17 31 1.0 15.5 80 38 26.2 20.2 362 381 68.0 38.2 1.4 3.3
18 33 41.3 15.0 87 34 30.6 23.8 304 an 76.8 36.3 1.7 2.6
Double Face Liner
9 i6 40.6 14.9 85 35 27.8 22.4 30 361 74.5 35.9 1.8 2.6
10 18 42.3 15.2 96 38 28.8 24.1 370 415 80,7 41.2 2.2 3.6
13 20 41.8 16.1 89 3q 28.3 2.8 341 400 . 82,9 35.9 1.9 i1
12 22 43.8 15.2 96 S0 289 24.1 408 439 79.8 37.6 2.0 4.4
13 24 39.6 12.6 78 28 25.0  20.8 273 3 63.7 33.1 1.8 2.9
14 26 42,0 14.7 94 40 9.4  20.3 332 416 B4.8  36.3 1.8 3.9
15 28 44.2 16.3 Nn 42 26.1 20.8 397 449 1.0 414 1.7 2.8
16 30 1.9 14.1 85 34 25.4 19.2 306 355 77.8 34.6 1.6 3.6
17 32 42.6 15.0 86 39 27.2 21.6 361 402 " 75.4 42.0 1.6 .29
18 34 41.9 15.2 90 31 31.4 25.1 310 364 76.6 38.7 1.5 2.3
TABLE XXI
PHYSICAL CHARACTERISTICS OF BOXES—RUN COMBINATIONS 19-22
Drum Drop Maximum Top-Load Maximum End-Load
Weight Compression in Deflec- Compression in Deflec-
Run  Strength Combination per Falls Drops tion Range 0-0.75 in. tion Range 0~0.50 in.
Combi- . 1000 toBox to Box
nation 5. F. Corr. D.F. Boxes, Failure S.E. S E., Failure S.E. S. E., load, S.E. §.E, Load, S E S.E,
Ib. o, 5 b A b. A
1% High  High High 1085 73 4.8 7 11.4 0.52 5 568 1.7 1 682 11.3 2
20 High  Low High 1056 51 5.5 il 7.8 0.37 3 393 8.1 2 411 14.0 3
21 Low Low Low 1076 20 1.1 5 4.8 0.17 4 333 4.8 1 361 13.2 4
22 Low High  Low 1119 33 2.8 9 6.3 0.25 4 439 8.5 2 608 9.2 2
The results of the drum test indicate the role played TABLE XXII

by the liners in resisting the rough handling action of
the drum. The boxes of Run Combination 19, as
might be expected, had a higher drum test value than
those of Run Combination 20. Similarly, the drum test
results for Run Combination 22 were higher than for
those for Run Combination 21. As seen in Table XXII,
the substitution of the low-test corrugating medium
for the high-test corrugating medium resulted in ap-
proximately 30 to 409, reduction in the drum test
results. On the other hand, the substitution of the
low-test liners for the high-test liners resulted in ap-
proximately a 55 to 60% reduction in the drum test
results. These results indicate that, in these four com-
binations, the liners had a greater effect on drum
strength than did the corrugating medium.

The four miscellancous run combinations (19 to 22)
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COMPARISON OF THE EFFECT OF COMPONENT STRENGTH
ON DRUM, DROP, AND COMPRESSION TEST RESULTS

Run Corru- . Top-Load . End-Load
Combina-  gating Compres- Compres-
tion Medium  Drum Drop sion sion
19 High 7.3 11.4 568 682
20 Low 5.1 7.8 393 411
Difference 30%, 32% 31%, 40%
22 High 33 6.3 439 608
21 Low 20 4.8 333 361
Difference 399, 249, 249, 1%

Run : Top-Load End-Load
Combina- ' Compres- Compres-
tion Liner Drum Drop sion sion
19 High 73 1.4 568 682
22 Low 33 6.3 ° 439 608
Difference 559 459, 23%, 11%
20 High 51 7.8 393 41
Y4 Low 20 4.8 333 361
Diflerence 62%, 389%, 15% 12%
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were ranked in the sanre order by the drop test results
as by the drum test results. Also, the relative percent-
age difference between the drop test results was ap-
proximately the same as for the drum test results.
Therefore, it is indicated that, in this particular study,
the drum and the 12-inch corner. drop.test tend to
measure the same physical characteristics of a box.
The results of the compression test on the four mis-
cellaneous run combinations are tabulated in Table
XXT and shown graphically in Figure 25. The results
show that the combination of the high-test liners and
the high-test- corrugating medium- (Run Combination
19) had the highest top-load and end-load compression

values. The combination of the low-test liners and the -

high-test corrugating medium (Run Combination 22}

@ ss0. {77

200+

1504

100

504 )

9 20 21 22
RUN COMBINATION
F1cure 25. Comparison of Compression Tests—Run
Combinations 19-22.

End Lead (0-0.50 inch}
«sa--mmeaee—- Top Load (0-0.75 inch)

had higher compression values than Run Combination
20, which was made up of high-test liners and low-test
corrugating medium. The results also show that the
substitution of a low-test for a high-test corrugating
medium resulted in a decrease of approximately 25
to 309, in top-to-bottom compression and approxi-
mately 40% In end-to-end compression strength, On
the other hand, the substitution of the low-test for
the high-test liners resulted in a decrease of approxi-
mately 15 to 23%, in top-load compression and 11 to
129, in cend-load compression. This indicates that, in
these four combinations, the corrugating medium had




N IO a greater cffect on compressive strength than did the
@ | o liners.
§ H omo A comparison of the results of the drum, drop, and
2lé  sSsso . c?mp-reSSion tests indicates that. for the four run com-
) S o _binations in question, the phyvsical characteristics of
F|7 somn the liners had a greater influence on the results of the
i E et drum and drop tests than did the physical characteris-
= : tics of the corrugating medium. On the other hand, the
- ‘ quality of the corrugating medium influenced the re-
::f&" el sults of the compression test to a greater extent than
- B - B -~ - ——did-the quality of the liners.- Obviously, a-quality box
& | neme must have adequate strength in both the liners and
il corrugating medium. However, within limits, the re-
- e “sults’ indicate that, to obtain more compressive
4 Q3% . oo
= - strength, a strong corrugating medium should be used
o and, to increase drum and drop test values, stronger
o Fhe erem liners should be used.
% § ® Combined Boards
— 2 m PO .
g Z o e . The results of the combined board strength tests
g o for Run Combinations 19 and 20 are given briefly in
S 912 sgue Table XX (sce also Table XLIIT of Appendix A).
3 5 - It is interesting that, although the bursting strength
z values rank the Run Combinations 19,20, 21, and 22
= Er® in order of decreasing value, the puncture tests rank
| o m‘E\ - them in the order 19,22, 20, and 21 which, furthermore,
g 2 b e is the same order obtained for the compression re51}lts.
. 2 E IR S Since Run Combinations 19 and 20 each have 'hlgh-
a a o strength liners and 21 and 22 have low-strength liner§,
5. o2 Qrngwn the indications are that the bursting strength test is
5 a 5 NSRS influenced more by the strength of the liner than by
22 the strength of the corrugating medium. Also, the
= 2 Ko eves i indications are that the puncture test is influenced
o " more by the strength of the corrugating medium than
8 Ely owoo by the strength of the liner. This point may be illus-
G Tl e trated by considering the bursting strength data (see
B = Table XXIIT) when high-strength corrugating me-
E £ 2 2ox® dium was used; the difference between the bursting
5 a g aa=a strengths of samples made with high- and low-test
- liners (Run Combinations 19 and 22) amounted to 78
3 P points. When low-strength corrugating medium was
34 2 x84 S83R used, the difference between the bursting strength on
ug? Rzl samples made with high- and low-test liners (Run
& . Combinations 20 and 21) amounted to 46 points. On
o Loe m®mom the other hand, when high-strength liners were used,
' 537 wrww a change from high to low-strength corrugating me-
dium (Run Combinations 19 and 20) resulted in only
W AEe a 6—p0unq decrease in bursting strength. When low-
g BERS strength liners were used, a change from high to low-
3 strength corrugating medium (Ryp Combinatiens 21
£ and 22} resulted in a 26-pound dgcrease in bursting
E ] E"E EE" strength. The same type of illustration with the G. E.
= @ ma puncture test shows decreases of 23 and 28 units for
g the respective changes in liners, but decreases of 61
Al SRes and 66 units when the corrugating media were changed.
v EEII The G. E. stiffness test results appear to rank the
miscellaneous run combinations in about the same way
e as the G. E. puncture test results. This means tha? it
Egé g oy also is influenced somewhat more by the corrugating
[SR-]

medium than by the liner.
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The pin adhesion test results did not rank the run
combinations in the same order as the puncture or the
bursting strength test results. Furthermore, the spread
of the pin adhesion test values was very narrow.

The flat crush test results definitely distinguish be-
- --tween those run combinatiéns fabricated from the
high-strength corrugating medium and those fabricated
from the low-strength corrugating medium. The data in-
dicate that the liners had very little effect on the flat
crush test results. The samples made with low-strength
corrugating medium had approximately half the flat.
" crtsh test value shown by those having high-strength
corrugating medium. '

“Components )

The results of the tests on the components used in
Run Combinations 19 through 22 are given in Table
XXIV (see also Table XLIIT of Appendix A). The

normal conditions of operation, offer an ideal oppor-
tunity for investigating these relationships.

The relationship or correlation between any two
tests can be judged roughly by merely obscrving the
_numerical data. However, this.method leaves much
to be desired in that only the more obvious correla-
tions are apparent. The second method of observing
the correlation between tests is to plot the values ob-
tained by one test against those obtained by another.
Absolute correlation exists if, when the plotted values

. are connected,-a straight-line -results and all plotted-
points are on the straight line. When the plotted points
do not fall on the line, the correlation is not absolute.

* Infact, the more the plotted points are scattered about
the line, the less the correlation. A third method of
determining the correlation is the statistical method,
in which correlation coefficients arc calculated for the
group of test results in question.

TABLE XXIV
PHYSICAL CHARACTERISTICS OF COMPONENTS—RUN COMBINATIQONS 19-22
Basis
Weight G E. Ring Compres-  Eimendori Tear,  Amthor Tensile, ~ Amthor Stretch,
Run LP.C. (12x12 Bursting  Punc- ston, 1b. ¢./sheet Ib./in. . A
Combi- Roli x1000), Caliper, Strength, ture,
* nation  No. 1b. points points units In  Across In Across In Across In Across
Corrugaiing Medium
19 43 27.5 1.1 70 17 21.5 16.0 227 254 53.3 264 2.0 4.3
20 44 24.9 9.1 52 15 17.2 11.9 177 208 44.5 22.2 1.8 2.8
21 4 24.8 9.1 50 13 19.0 12.4 176 202 45.7 214 1.8 2.8
22 43 27.6 .1 70 18 2.7 157 228 254 54.1 266 1.8 4.3
Single-Face Liner ,
19 35 43.9 14.0 93 35 324 259 381 387 78.2 441 1.8 4.0
20 | 35 4.3 14.0 97 36 .7 26.9 383 388 84.3 44 .3 2.0 4.5
21 37 44.3 16.8 57 29 1.6 16.8 272 280 53.5 29.2 1.1 2.5
22 37 4.9 16.5 58 3 21.5 169 263 282 55.1 .8 1.2 2.5
Double-Face Liner
i9 36 41.6 15.4 100 34 29.6 23.3 345 393 77.1 40.6 2.1 3.5
20 36 42.1 15.5 100 J6 9.9 23.2 369 402 77.6 425 2.1 3.7
21 38 43.9 17.2 59 30 22,8 16.7 279 282 4.6 -30.0 1.0 2.3
22 38 4.6 17.4 56 30 22.6 16.1 274 288 54.7 28.4 1.3 2.7

values of the test results were considerably greater for
the high-test than for the low-test corrugating medium.
Also, the respective test values were, in general, uni-
form for the two combinations in which each type of
medium was used.

The test values obtained for the high-test liners were
considerably higher than those obtained for the low-
test liners. This condition existed in spite of the fact
that the lower test liners had higher basis weights. This
difference in test values is especially apparent in the
case of the bursting strength.

RELATIONSHIPS BETWEEN VARIOUS
COMBINED BOARD AND
BOX TESTS |

In order to determine the relationships between the
results of (1) different combined board tests, (2) dif-
ferent box tests, and (3) combined board and box tests,
the results obtained for the twenty-two run combina-
tions have been treated as one collective group of data.
These results, which were obtained on combined board
and boxes fabricated under carefully controlled but

The combined board and box results obtained in
this study have been subjected to statistical analysis
in order to obtain a more comprehensive and reliable
insight into the relationship between the various tests.
This analysis is a determination of simple correlation
involving the interrelationship between two different
tests. The relationship between two characteristics
may be obtained by plotting the respective test results
and then determining the line of least variance by the
method of the sum of the least squares. The tightness
of the swarm (degrec of scattering of the plotted
points) about the line of the least square is a measure
of the correlation between the two characteristics in
question. However, it is possible by algebraic means,
to calculate the correlation coefficient and thus elim-
inate the necessity for plotting the points and deter-
mining the line by the sum of the least squares.

In simple correlation,* the correlation coefficient is

* Correlation is defined as
r = [nZxy — (Z2)(ZN)/V/[n2at — (22T Xyt — (29},
where x and y are the two quantitics or characteristics, r is the number
of items under consideration, and r is the correlation coefficient.
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ucs are related—i.e., it is a measurement of the in-
timacy of two quantities or characteristics. For ex-
ample, a correlation coefficient of unity (1.00) indi-
cates perfect correlation. Similarly, a correlation coeffi-
cient of zero (0.00) indicates absence of any correla-
tion. The sign (positive or negative) preceding the coe-
flicient designates whether the correlation is direct or
inverse—i.e., a positive sign indicates direct correlation
and a negative sign designates inverse correlation.

BoxEes

The four main physical box tests_considered were
"(1) the maximum top-load compression sustained in
the deflection range 0-0.75 inch, (2) the maximum end-

.. load compression sustained in the deflection range -
0-0.50 inch, (3) the drum test based on the number of -

falis to box failure, and (4) the 12-inch corner drop
test based on the number of drops to box failure. The
correlation between these four physical tests on boxes
is presented graphically. It has also been studied in
terms of numerical coefficients. In addition to the
above, the correlation coefficients have been calcu-
lated for (1) the maximum top-load compression sus-
tained in the deflection range 0-0.25 inch and (2)
the maximum end-load compression sustained in the
deflection range 0~0.25 inch.

The results of the box tests for the twenty-two run
combinations are given in Table XXV and the corre-
lation coefficients in Table XXVI. The correlation be-
tween the top-load (deflection range 0-0.75 inch} and
end-load (deflection range 0~0.50 inch) compression
results are shown graphically in Figure 26. It may be
noted that the swarm about the line of least squares
indicates fairly good correlation. This is further sub-
stantiated by the correlation coefficient of +0.86
(Table XXVI). If all the plotted compression points
had been on the line, it would have indicated perfect
correlation and the correlation coefficient would have
been +1.00. Further, it would have indicated that,
if the end-load compression were known, the top-load
compression could be accurately predicted. Since the

“correlation coefficient was not +1.00, such is not the
case. Nevertheless, the correlation coefficient of
+0.86 indicates that, for the boxes tested, those hav-
ing the higher end-load compression values would tend
also to have the higher top-load compression values.
If the correlation coefficient had been +0.96, this
tendency would have been even more pronounced.

The correlation between the top-load compression

L AAY

PHYSICAL TEST RESULTS ON BONES—RTY
COMBINATIONS 1 THROUGH 32

Druzy, Drop,
Run  Top-Load  Endload Faiito  Drigst
Combina-  Compres-  Compres- Box Bax
tion sion, 1b. ston, 1b. Faikure Taliure

1 487 634 - s T8

2 506 628 1 e

3 505 523 19 2.8

4 469 592 42 5.3

5 397 423 i 33

6 489 611 43 i1

; 460 469 kM of

s 60 | _ .06, : ..M

-- 9 - — s5Mm 614 42 T6
10 528 646 o9 11.2

1t 525 668 30 9.6

- 12 - 500 " 624 6 120
13 458 478 30 ‘6.9

14 468 656 63 1.1

15 506 602 35 ©.3

16 470 633 49 9.3

17 434 459 30 8.5
18 374 399 36 5.6
19 568 682 73 1.4
20 303 411 51 V.8
21 333 361 20 1.8
22 439 608 33 6.3

results in the deflection range 0-0.75 inch and the
drum test results is graphically presented in Figure 27.
'ljhe correlation coefficient (Table XXVI) for this
simple correlation was -+0.73. The pattern of the
points in Figure 27 indicates that the correlation be-
tween these two tests is not of a verv high order. It is
apparent that, in so far as these results are concerned,
very little can be predicted regarding the drum test
results by considering the top-load compression test
(deflection range 0-0.75 inch) results for a given
sample. This is fllustrated hy the five run combina-
tions (Figure 27) with drum values of approximately
49 falls; the top-load compression values for these five
run combinations vary from about 390 to 510 pounds.

The correlation between the top-load compression
gdeﬂection range 0~0.75 inchj and the drop test values
is shown in Figure 28. The correlation coefficient as
given in Table XXVI is' +0.77, The correlation coe-
flicient, and the pattern of the points, again indicates
that the correlation of these two tests is not very high.
Further, it indicates that the magnitude of the top-
load compression values is a poor criterion of box per-
formance as measured by the 12-inch corner drop test.
As the correlation of both the drum and the 12-inch
corner drop tests with top-loard compression test was

TABLE XXVI
CORRELATION COEFFICIENTS BETWEEN PHYSICAL TEST RESULTS 0N EOXES

Top-Load Compression in
Deflection Range

End-Load Compression in

0-0.25 in. 0-0.75 in,
Top-load compression, 0~0.25 in. +1.00 +0.77
Top-load compression, 0-0.75 in, +0.77 +1.00
End-foad compression, 0-0.25 in, +0.41 +0.73
End-foad compression, 0-0.50 in. +0.46 +0.86
Drum +0.66 +0.73
Drop +0.59 +0.77
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Deflection Range
0-0.25 in. 04,50 i, Lirum Drop
+0.41 +0.46 —1}.66 0.59
+0.73 +0.86 o' 037
+1.00 40.9%0 ~0 49 +0.58
40.90 +1.60 ~f 4 +0.74
+0.49 +0).64 -1 [} +0.96
-+0.58 4+0.74 w5 Yh 41,00
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Fioure 29. Correlation of End-Load Compression and Drum Tests—Run Combinations 1-22.
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F1cURE 30. Correlation of End-Load Compression and 12-Inch Corner Drop Tests—Run Combinations 1-22.

only fair, it indicates that the characteristics involved pression (0-0.50 inch deflection range) with the drum

in the drum and drop tests are not all measured in the
top-load compression test.
The correlation coefficients for the end-load com-

TABLE XXVIT

PHYSICAL TEST RESULTS ON COMBINED BOARD—
RUN COMBINATIONS 1 THROUGH 22

Run  Bursting G, E. G E. Pin I'lat
Combi- Strength, Puncture, Stiffness, Adhesion,  Crush,
nation  points units units Ib. Ib./sq. in.

1 239 217 93 i 28.1
2 240 226 96 67 34.2
3 238 225 90 61 33.8
4 239 203 86 n 25.5
5 232 169 68 70 14.5
6 234 207 85 72 24.0
7 220 194 77 a2 23.8
8 230 224 94 72 30.1
9 235 221 89 73 26.3
10 247 226 92 78 25.4
11 236 228 o7 75 25.8
12 248 233 87 77 28.4
13 185 1 78 71 26.2
14 243 233 92 78 30.8
13 235 236 95 69 2.7
16 243 221 9% n 31.0
17 214 204 73 71 19.2
18 217 176 70 75 16.2
19 246 238 105 74 33.0
20 240 177 67 70 17.0
21 194 149 65 64 15.7
22 168 215 96 o7 35.7
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and drop test results were +0.64 and +0.74, respec-
tively. The correlations are graphically illustrated in
Figures 29 and 30. Both the top-load and end-load
compression tests correlate slightly better with the
12-inch corner drop than with the drum test. Also, the
top-load compression test correlates slightly better
with drum and drop tests than does the end-load com-
pression test.

The correlation coefficient between the drum and
drop tests was +0.96 (Table XXVI) and is shown by
the data graphically presented in Figure 31. A correla-
tion coefficient of +0.96 indicates correlation of a
high degree—i.e., both tests appear to measure about
the same characteristics of a box. The graph in Figure
31 shows the tightness of the swarm about the line.
On the basis of the boxes tested, a box with a high drum
value would have, in general, a correspondingly high
drop test value. However, it should be emphasized

TABLE XXVIII

CORRELATION COQEFFICIENTS BETWEEN PHYSICAL
TEST RESULTS ON COMBINED BOARD

Bursting G.E. G.E. Pin Flat

Strength Puncture Stiffness Adhesion Crush
Bursting strength 1,00  +40.48 40.34 +0.39 +40.13
‘G. E. puncture’ +0.48 +4+1.00 +0.91 40.35 +0.84
Pin adhesion +0.39  40.35 +40.24 34100 0.4
Q. I, stiffness 40.34 4091 41.00 <40.24 4090
Flat crush +0.13 +0.8¢ 40,90 -0.04 +1.00




IVELYR INCE CORNER DZOP TEST. Mumber of Drops to 8nx Faslure
5

that Lhis correlation may or may not apply te boxes
of different sizes made from different matt,nals under
different conditions of fabrication.

CoMBINED BOARD

The results of the combined board -tests on the

twenty-two run ‘combinations are given in Table
XXVII. The correlation coefiicient for the intercor-
relation of the combined board tests—bursting
strength, G. E. puncture, G. E. stiffness, flat crush,
and pin adhesion—are given in Table XXVIII.

and G. k. puncture is +0.48 and js graphically pre-

sented in Figure 32. The correlation coefficient, as well
as the pattern of the points, indicates that the corre-
lation is poor. Therefore, the bursting strength test and
the G. E. puncture test tend to measure different
physical characteristics of the combined board and
prédictions concerning the combined board from the
results of these two tests would probably differ mark-
edly. On page 37 an indication was given of what the
differences in these two tests might mean in terms of
the relative performance of the liners and corrugating

L
o © N 30 - 50 o0 70
SMALL REYCLVING DRUM TEST.Mmbet of Falle to Dox Failure

Ficure 31. Correlation of 12-Inch Corner Drop and Drum Tests—Run Combinations 1-22.

The correlation coefficients show that the bursting
strength test has very poor correlation with any of the
other combined board tests. The same may be said
about the pin adhesion test. On the other hand, G. E.
puncture correlates well with G. E, stiffness and fairly
well with flat crush, the correlation coefficients being
+0.91 and +0.84, respectively. In turn, G. E. stiff-
ness correlates well with flat crush as shown by the cor-
relation coefficient of +0.90. Since the intercorrelation
of these three tests (G. E. puncture, G, E. stiffness,
and flat crush) is high, it indicates that these threec
tests measure approximately the same characteristics
of the combined board and, since the G. E. puncture
test appears to correlate best, it would appear to be
the most logical one of the threc to be used for a smgle
test evaluation of combined board.

The correlation coefiicient between bursting strength

medium. Further, it was pointed out that the G. E.
puncture test tended to give emphasis to the corrugal-
ing medium and the bursting strength test tended to
give emphasis to the liners.

Since the correlation of the G. E. puncture test with
the bursting strength test was very poor, indicating
that the two tests measure somewhat different physical
characteristics, it is interesting to observe which of
these tests on the combined board correlates better
with the box tests.

CoMBINED BoARDS AND BoXES

The correlation cocfficients between combined board
tests and box tests are given in Table XXIX, It may
be noted that the G. E. puncture test correlates better
with all the box tests than does the bursting strength
test. The correlation coefficients for the G. E. puncture
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Freunre 32. Correlation of Bursting Strength and G. E. Puncture Tests—Run Combinations 1-22,

test with top-load (deflection range 0-0.75 inch) and
end-load compression (deflection range 0-0.50 inch)
were +0.91 and +0.90, respectively, and are graphic-
ally illustrated in Figures 33 and 34. On the other
hand, correlation coefficients of the bursting strength
test with the corresponding box compression tests were
+0.52 and +0.45, and are graphically presented in
Figures 35 and 36. This comparison indicates that, on
the basis of the samples tested, the G. E. puncture
test, as a single test for combined board, is probably a
better criterion of top-load (0-0.75 inch) and end-load
compression (0-0.50 inch) than is the bursting strength
test. Also, the correlation coefficients for the G. E,
puncture test with the drum and drop tests were
+0.75 and +-0.83, respectively, The graphic presenta-
tion of the data may be seen in Figures 37 and 38. The
bursting strength test correlation coefficients with the
corresponding hox tests were +40.61 and +0.66,
respectively. These are presented graphically in Fig-

ures 39 and 40. This comparison again indicates that,
as a Single test, the G. E. puncture test correlates better
with the drum and drop tests than does the bursting
strength. On the basis of the results obtained for the
twenty-two run combinations studied, the G. E. punc-
ture test results can be used as a means of predicting
the results of any one box test almost as well as any of
the other box test results. In some cases (top-load
compression in the 0-0.75 inch deflection range and
end-load compression in the 0-0.50 inch deflection
range), it gives a little better prediction than any of the
other box tests.

It may be noted that the pin adhesion had very poor
correlation with top-load and end-load compression.
Although the correlation of pin adhesion results with
the drum or drop test results is poor, it is considerably
better than the correlation with compressive strength
tests,

In general, the G. E. stiffness and flat crush tests

TABLE XXIX )
CORRELATION COEFFICIENTS FOR PHYSICAL TESTS ON COMBINED BOARD AND BOXES

Top-Load Compression in

End-Load Compression in
Deflection Range

Deflection Range
0-0.25 in. 0-0.751n.
Bursting strength +0.61 +0.52
G. E. puncture +0.64 +0.91
Pin adhesion +0.12 +0.29
G. E. stiffness +0.51 +0.87
Flat crush +0.41 +0.74

0-0.25 in. 0-0.50 in, Drum Drop
+0.35 +0.45 -+0.61 +0.66
+0.83 —+0.90 +0.75 +0.83
—+0.30 +0.42 +0.61 +0.58
+0.87 +0.%4 +0.58 +0.66
+0.75 +0.78 +0.42 +0.53

44




:

COMPRESSION, TOP LOAD: 0-0.75 Inch Deflection, Lb.
1

w0l
i 1 I 1 1 I 1 1 L 1 ] i (] ]
100 1] 120 10 140 150 160 170 180 190 200 {1 20 il Mo
N G. L. PUNCTURE, Units
Ficuzre 33. Correlation of G. E. Puncture and Top-Load Compression Tests—Run Combinations 1-22.

04—
4
§
i
E wﬂ_-
r4
S
2
e
8
2
2
o
wd
a
5 od-
=z
o
S
"
-
o
%
o
o

m-

|_ L I 1 ! I ! | 1 | ! 1 ! 1 I !
;mo 110 10 130 14 150 150 e 180 %0 700 TR xn 13 e 50
G. E. PUSCTURE, Unita

Ficure 34. Correlation of G. E. Puncture and End-Load Compression Tests—Run Combinations 1-22,
45




TOP LOAD;: 0.0.75 Inch Deflection, Ib.

400}
[
o
]
4 o
o 4
[
]
=
w

4
o0,
1 1 1 1 V'l L l 1 1 1 Nl i L 1
10 ¢ 0 1% 140 150 1 180 »0 00 210 0 x F
BURSTING STRENGTH. Points
Ficure 35. Correlation of Bursting Strength and Top-Load Compression Tests—Run Cembinations 1-22,
:

00—
2
£
i .
3

L
g
2
s
a
5
-<
o
-
8
-
-
- A~
=
2
o o
4
i
[
]
o

oL

I ! 1 1 ! ] 1 ] | 1 1 1 1 s
100 10 o 1% Ho 1w 110 1un 180 19 200 210 TH 0 0 50

BURSTING STRENGTH, Prants
Freure 36. Correlation of Bursting Strength and End-Load Compression Tests—Run Combinations 1-22.

46




Munber of Falls to Bou Fallure

SMALL REVOLYING DRUM YIST,

TRELVE INCH CORNER DROP TEST. Mumber of Drops 16 Dox Fasluse

o

Iz

1
.

£
T

b
Y

S,
T

=
T

&
1

- 1 1 4 1 A ) L i 2
200 e 1 0

10 [ "W 150 150 170 180, 1%
0.. E. PUNCTURE, Units

Ficure 37. Correlation of G. E. Puncture and Drum Tests—Run Combinations 1-22.

| — 1 L 1 Il 1 1 |

1
110

170 jEN
G. E PUNCTURE, Unats

Frouge 38. Correlation of G. E. Puncture and 12-Inch Corner Drop Tests—Run Combinations 1-22.

47

199 109 210 e 22

Mo

%0




-
&
T

r

.SHALL REVOLYING ORUM TEST, Number of Fally to Bon Fullure

] 5 -3 2
T T T 1

L]
T

[ 't 1 1 1 A 1 i M L 1

100

«

TYILYL INCA CORNEIR DROP TEST. Maeber of Dtops tn Box Fallure

[T

120 10 "o o 160 . 17 180 190 200 0 220 10
BURSTING STRENGTH, Paints

Ficure 39. Correlation of Bursting Strength and Drum Tests—Run Combinations 1-22.

1 't L 1

FL]

100

oL 1
1% 10 14C 150 [ 170 150 190 00 110 220 o
BURSTING STRENGTH. Polints

Froure 40. Correlation of Bursting Strength and 12-Inch Corner Drop Tests—Run Combinations 1-22.

48




tend to follow the same correlation trend as the G. E.
puncture test. This is to be expected, since it was ob-
served from the data in Table XXVIII that the G. E.
puncture test measures many of the same character-
istics in the combined board as the G IL. stiffness or
flat crush test.

In the preceding discussion, consideration has been
given only to simple correlation—t.e., the relationship’
or correlation between two characteristics. However,
in a study of this type, it is often more desirable to
determine the most effective manner of weighting dif-
ferent physical tests on combined board in_order to
obtain” thé best predxcuon of box test results. The
theory is discussed in Appendix B, where it is shown
that a certain weight should be givcn cach test on com- -
bined board and that a weighted total should be found.

For example, suppose it is assumed that G. E. punc-
ture, flat crush, and bursting strength are separately
of use in assigning a laboratory performance value to
a sample of combined board. If the three combined
board tests are considered jointly, a better evaluation
may be made of the performance of the board in ques-
tion. Thus, if a board has a high G. E. puncture value
a good box would normally be expected, but if it has
high G. E. puncture, high flat crush, and also high
bursting strength, the probability for a good box would
be much greater. Similarly, if the board is low in G. E.
puncture, flat crush, and bursting strength, a much
poorer box would be expected than one made from a
combined board with high G. E. puncture, flat crush,
and bursting strength values. A complication arises,
however, when the G. E. puncture and flat crush values
are low but, in contrast, the bursting strength value is
high. The question then arises as to how each test
should be weighted in order to give the best criterion
for box performance. It is readily apparent that a great
vanety of similar situations can exist which give rise
to various degrees of perplexity. However, there exists
a statistical technique for dealing precisely with this
problem. This technique measures the weight, or de-
gree of importance, which should be attached to the
G.LE. puncture, flat crush, and bursting strength values
in predicting the relatwe laboratory performance of a
box. The statistical technique used for this purpose
is known as multiple regression and has been success-
fully used in other fields, most notably in agricultural
and psychological research,

To iilustrate the application of statistical methods
in this type of analysis, it may be assumed that, on
some sample lots of materials, data are available on the
G. E. puncture, pin adhesion, and bursting strength
tests for the combined bhoard and that results for a
single test {e.g., the drop test) are known for the fin-
ished boxes. The question may then be raised as to
what extent the analysis of the values of the combined
boards can be used in predicting the magnitude of the
hox test—¢.e., the drop test. The values for the com-
bined boards might merely be added. Alternately, the
G. E. puncture arbitrarily might be given a weight fac-
tor of 3, pin adhesion a weight factor of 2, and bursting
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strength a weight factor of 1. The possible scts of
weight factors which might be arbitrarily assigned are
endless. It can be shown, however, that there is a
unique combination ‘of combined board tests which .
will give the maximal (maximum} index of laboratory
box performance as measured by any one test (e.g.,
the drop test) The weight factors which will give the
maximal index are found by multiple regression. The
weight factors thus found are then combined into a
common equation so that the individual tests may be

considered collectively (multiple correlation) in the

_prediction of box performance..In this study, there- - - -

fore, the problem is to determine the most effective
manner of weighting the different physical test data
in- order-to obtain' the hest prediction of box test
results. In the next paragraph, consideration will be
given to the fundamental question of which physical
tests can, in the interest of both efficiency and econ-
omy, be eliminated as superfluous.

Table XXX contains the simple coefficients of cor-
relation—first between combined board tests, second
between board tests and box tests and, third, between
box tests. Inspection of the correlations between com-
bined board tests shows that, in this study, only
three of the five combined board tests have essentially
independent predictive value. Bursting strength and
pin adhesion correlate so poorly with each other and
with the other combined board tests as to be effec-
tively independent. For example, bursting strength
may not reveal much about the box tests and the in-
formation obtained from it is not duplicated by the
pin adhesion or the other combined board tests; the
same may be said about the pin adhesion test in its
relation to the box tests. The G. E. puncture, G. E.
stiffness, and flat crush tests, however, are highly cor-
related with each other. This means that, whatever
one test on the combined board indicates about box
tests, the others substantially repeat. One of them,
then, tells as much as all three. Thus, of the com-
bined board tests used, bursting strength, pin adhe-
sion, and one of the three—G.E. puncture, G. E.
stiffness, and flat crush—are the only tests which have
independent predictive value.

By consulting the correlations between the combined
board tests and box tests, it is possible to determine
which of the three tests—G. E. puncture, G. E. stiff-
ness, and flat crush—will best serve the purpose, in
conjunctlon with bursting strength and pin adhesion,
in predicting the box tests. It may be observed (sce
Table XXX) that G. E. puncture is the only one of the
three that correlates highly with all 'the box tests, and
thus has precedence over the other two in regard to
predictive power.

When only the compressive strengths of the hoxes
included in this study are constidered, the G. E. punc-
ture test is the only independent combined board test
which has a markedly high predictive value through-
out. Consequently, the results indicate that the G. .
puncture test alone will predict compressive strength
nearly as well as G. E. puncture, pin adhesion, and




Bursting strength
G.-E. puncture -
Pin adhesion

G. E. stiffness
Flat crush

'

Burgting strength
G.E. puncture -
Pin adhesion

G. E. stiffness

Flat crush

Top compression, 0-0.25 in.
Top compression, 0-0.75 in.
End compression, 0~0,25 in.
End compression, 0-0.50 in.

Drum
Drop

Letiidaa,

Yoy

CORRELATION COLIFICIENTS

Behveen Physical Tests on Combined Board

bursting strength collectively. Hence, for compression
tests, G. E. puncture alone will be considered in the
ensuing discussion. In drum and drop, all tkree of the
independent physical tests are of predictive value and,
therefore, the discussion of them will be in terms of all

Flat Crush

+0.13
+0.84
—0.04
40.90
+1.00

+0.59

+1.00

Pin

Strength  Adhesion Constant

Bursting G.E. G. E, Pin
Strength Puncture Stifiness Adhesion
+1.00 +0.48 +0.34 +0.39
+0.4%" T 4100 +0.91° +0.35°
+40.39 +0.35 +0.24 +1.00
+0.34 +0.91 +1.00 +0.24
+0.13 -+0.84 +0.90 -0.4
Between Physical Tests on Combined Board and Boxes
Top-Load Cempression End-Load Compression

in Deflection Range _in Deflection Range . _ _ . ___ .

0-0.25 in. 0-0.75 in, 0-0.25 in. 0-0.50 n, Drum
+0.61 052 . 40.35 +0.45 _ +0.6! .
+0.64 +0.91 +0.83 +0.%0 +0.75
<+0.12 +0.29 +0.30 +0.42 +0.61
+0.51 +0.87 +0.87 +0.94 +0.58
+0.41 . 4074 +06.75 +0.78 +0.42
Between Physical Tests on Boxes
+1.00 +0.77 +0.41 +0.46 +0.66
+0.77 +1.00 +0.73 4+0.86 4+0.73
+0.41 +0.73 +1.00 40.90 +0.49
+0.46 +0.86 +0.90 +1.00 +0.64
+0.66 +0.73 +4-0.49 +0.64 +1.00
+06.59 +0.77 +0.58 +0.74 +0.96
TABLE XXXI
WEIGHT FACTORS
G. E. Bursting
Box Test Puncture
Drum +0.29195  J-0.15411 41

02300 —120.80

three. Drop +0.04972  40.02468 +0.11679 — 15.92
Th . . . . Top-load compression®
e weighting constants or weight factors obtained o_o,7ds inch) +2.07741 + 33.00
and u i t i End-load compression®
_sed to determine the pred'lcted values are set (0-0.50 ey $3.74869 —224.17
forth in Table XXXTI. A comparison of the predicted : .
values for each test against the observed laboratory * Based on G. E. puncture test only,
TABLE XXXIT
. COMPARISON OF OBSERVED AND PREDICTED BOX TESTS
Top-Load Compression, Ib, End-Load Compression, Ib. Drum, Drop,
Deflection Range Deflection Range No. of Falls to Box No. of Drops to Box
Run 0-0.75 in. 0-0.50 in. Failure ' Failure
Combi-
nation Observed Predicted Observed Predicted Observed Predicted Observed Predicted
1 487 484 634 589 38 52 7.9 9.1
2 506 503 628 623 42 51 8.1 0.1
3 505 501 523 619 49 44 8.6 8.3
4 469 455 592 537 42 48 8.3 8.4
5 397 384 423 409 32 36 5.8 6.4
6 459 463 611 551 48 49 8.1 8.6
7 460 436 469 503 37 33 6.5 6.4
8 502 498 620 616 66 54 10.1 9.3
9 501 492 614 604 42 55 7.6 9.4
10 528 503 646 623 69 63 11.2 10.5
11 525 507 668 631 59 59 9.6 10.0
12 500 517 624 649 67 64 12.0 10.8
13 458 430 478 492 39 36 6.9 6.4
14 468 517 656 649 63 64 11,1 10.8
15 506 323 602 661 55 55 9.8 9.7
16 470 492 653 601 49 54 9.3 9.4
17 434 457 459 541 50 44 4.5 7.8
18 374 399 399 436 36 41 - 5.6 7.0
19 568 328 682 068 73 62 11.4 - 10.6
20 393 41 411 439 51 39 7.8 7.0
21 333 343 361 334 20 18 4.8 3.8
22 439 480 608 . 582 33 36 6.3 6.7
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values is given in Table XXXII and Figures 41, 42,
43, and 44. The multiple correlation coefficient be-
tween drum test results and those of the combined
board tests—bursting strength, pin adhesion, and G. E.
puncture—was +0.86, and between the drop test
results and the- above-mentioned- combined board
test results, was +0.91. These two correlation coeffi-
cients indicate the predictive value of the combination
of the three combined board tests with respect to each
box test; that they are markedly greater than the
predlctwe value of any of the 1nd1V1dual combfned
" board tests is shown'by Table XXX. -

. The correlation coefficient for G. E. puncture and
_utop -load compression in the deflection range 0-0.75
inch was +0.91. For G. E. puncture and end-load
compression in the deflection range 0-0.50 inch, the

correlation coefficient was +0.90.

The statistical approach to the problem of deter-
mining the relationship between combined board and
box tests permits the handling of the data from a large
number of sample lots. In addition, it allows the deter-
mination of that relationship to be expressed in terms
of a numerical figure.

RELATIONSHIP BETWEEN VARIOUS
COMPONENT AND BOX TESTS

For years, the general specifications for container
board have been weight, caliper, moisture content,
and bursting strength. Naturally, at times additicnal
tests have been run depending on the ultimate use of
the board. From a practical viewpoint, a manufacturer
is vitally interested in knowing the relationship be-
tween the test results of the components and those on
the boxes made from such components—i.e., which
properties of the component materials have a dominant
influence on the quality of the boxes made from his
paperboard.

The data obtained on the twenty-two run combina-
tions offered a splendid opportunity to study this
correlation. Samples of each of the component ma-
terials were taken at the beginning, middle, and end
of each run combination. These samples were sub-
mitted to the following tests: bursting strength, G. E.
puncture, ring compression, Elmendorf tear, Amthor
tensile, and stretch. It was immediately apparent that
this battery of tests—three-fold, because each test
was made on the single-face liner, double-face liner,
and corrugating medium—presented an inordinate
number of factors which might conceivably be related
to box performance. In order to study the relationship
between the test results on the components and those
on the finished boxes made from the components, the
data obtalned from the twenty-two run combinations
were subjected to the same statistical analysis that
was used to determine the relation between combmcd
board test results and box test results.

"The first step in the application of this analysis was
to select, by proper determination, the tests on the
components which appeared to have the greatest pre-
dictive value. In particular, it was necessary to deter-
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nine the intercorrelations of all the test results on the
components in which machine and across-machine
direction results were obtained. The tests which in-
volved such data were Elmendori tear, ring compres-
sion, Amthor tensile, and stretch. The results of the
“double tests” on the components which were_used
in the fabrication of the twenty-two run combinations
are given in Table XXXIII. The results obtained on
the hoxes fabricated from these components are ‘given
in Table XXV. The correlation coefficients given in
Table XXXIV were- calculated from the data in
Tables XXXIIT and XXV:- - :
From the data in Table XXXIV, it can be seen that

_the ring compression test values obtained in this study

were 50 poorly related to box test results that they can
be eliminated from further consideration at this time.
The Elmendorf tear results have a fair degree of cor-
relation with some of the box results and, therefore,
warrant further consideration. In addition, it may be
observed that the intercorrelation of the Elmendorf
tear results in the machine and across-machine direc-
tions were consistently high, indicating that, on the
basis of the materials studied, the tests in the two
directfons measure approximately the same character-
{stic of the components. Accordingly, the average of
the Elmendorf tear results in the machine and across-
machine directions has been used in the subsequent
treatment of the component data in this report. The
correlation coefficients obtained for Amthor tensile
and stretch indicated moderate correlation with box
results and with each other. Therefore, the machine
and across-machine diréction identities for these tests
must be maintained in further study.

In addition to the reduced set of double tests (ring
compression omitted and Elmendorf tear in machine
and across machine averaged), consideration must be
given also to the two single tests—bursting strength
and G. E. puncture, which are given in Table XXXV.

From the data in Tables XXXIII, XXXIV, and
XXXV, the correlations between component test
results—average Elmendorf tear, Amthor tensile
(machine and across-machine direction), Amthor
stretch (machine and across-machine direction), burst-
ing strength, and G. E. puncture—were calculated
and are given in Table XXXVI. Further, the corre-
lation of each component test with each box test is
shown. Consideration of these results suggests'that
average Elmendorf tear should have good predictive
value in regard to these twenty-two different lots of
boxes, since for no box test does it fafl to show, for at
least one of the components in each run combination,
a correlation coefficient greater than +0.60. The cor-
relation coefficient for the Amthor tensile test values
in the machine and across-machine directions shows
indifferent correlation with box test results. Amthor
stretch in the machine direction shows poor correla-
tion with box tests. On the other hand, Amthor stretch
in the across-machine direction shows moderate corre-
lation with box tests and, further, is not highly corre-
lated with average Elmendorf tear. Accordingty, Am-
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tuor streteh in the across-machine direction has been
used to supplement average Elmendorf tear in the pre-
dictive relationships. In view of the relatively good
corrclation between the component tests being con-
sidered, it appears unfruitful te include bursting
_strength and G. E. puncture, together with average
Elmendorf tear and Amthor stretch in the across-
machine direction, in a four-factor relationship with

TABLE XXXIV

CORRELATIONS OF MACHINE AND ACROSS-MACHINE
DIRECTION TEST RESULTS WITH EACH OTHER AND WITH
© T PHYSICAL TESTS ON BOXES—RUN COMBINATION

1 THROUGH 22

CorRELATION WITE PEYSICAL TESTS ON BoxEes -

Corre-
- Compression lation
Tests Drop Drum —————— Within
Top End  Double
Tests
» Single-Face Liner
Ring compression—in  +0.42 +0.51 +0.36 +0.19 40,82
Ring compression— +0.23 40.39 40,39 +40.17
across
Elmendotf tear—in +0.73 40.78 40.51 +0.3¢ +40.78
Elmendorf tear—across +40.75 +40.72 40,57 --0.47
Amthor tensile—in +40.60 40.62 +0.43 40.40 40.58
Amthor tensile—across +0.50 +0.62 +40.49 +40.20
Amthor stretch—in +0.33 +0.36 +0.45 +0.20 +40.37
Amthor stretch—across +0.68 +0.68 +40.29 +40.21
Corrugating Medium
Ring compression—in 40.20 40,25 40.23 -+0.24 +40.80
Ring compression— +0.27 40.40 40.44 +40.33
£CT038
Elmendorf tear—in  +0.61 -40.58 +0.62 +0.68 +0.90
Eimendorf tear—across 4-0.55 40.50 +4-0.59 +0.69
Amthor tensile—in +40.49 40.42 40.56 +0.60 -+0.54
Amthor tensile—across +0.36 +40.45 40,51 +0.37
Amthor stretch—in +0.37 +40.32 40,26 +0.26 . 40.55
Amthor stretch—across 40.49 40,45 4-0.61 40,60
Double-Face Liner
Ring compression—in = +40.09 40,17 +40.16 40.05 +0.90
Ring compression— +0.21 40.20 +0.27 +40.06
across
Eimendorf tear—in 40.58 40.57  +0.39 40.20 +40.93
Elmendorf tear—across +0.64 +40.63 +0.50 40.32
Amthor tensile—in +0.46 +0.46 +0.46 +0.33 +40.62
Amthor tensile—across +40.42 +0.48 +40.28 40.05
Amthor stretch—in +0.37 +0.43 +0.45 +0.25. +0.57
Amthor stretch—across +40.71 +40.63  +40.45 +0.50

box tests. However, the magnitude of the correlation
coefficients for bursting strength and G. E. puncture
indicates that they are worthy of alternate considera-
tion, Further, by an argument parallel to that for
Elmendorf tear and Amthor stretch, bursting strength
and G. E. puncture together look promising in a two-
factor relationship of their own.

As mentioned above, the average Elmendorf tear
and Amthor stretch in the machine direction appear
to have good predictive relationships with box tests.
Therefore, the problem is to determine the relation-
ship appropriate for the anticipation of box tests from

the component tests: average Elmendorf tear and
Amthor stretch in the across-machine direction. The
theory is discussed in Appendix B, where it is shown
that a certain weight should be given to each test on
the components and that a weighted total can then
be found as a result of the weight factors determined
for each different test under consideration.

It was necessary first to find the weight factors ap-
propriate for estimating the various box tests as
shown in Table XXXVII. In order to fllustrate fully
the use of Table XXXVII, one may consider Run
Combination 1, with average Elmendorf téar as shown
in Table XXXV and Amthor stretch in the across-
machine direction shown in Table XXXI1I. The calcu-
lation for any box test—e.g., the drop test—is as
follows:

The average values for the Elmendorf tear and the
Amthor stretch in the across-machine direction for the
single-face liner, corrugating medium, and double-face
liner fabricated in Run Combination 1 are multiplied
by their respective weight factors. For example:

Observed Weight Weighted
Test Factor Value
Single-Face Liner
Average tear 360.0 T 4-0.02298 + 8.273
Stretch across 2.8 +0.57150 4 1.600
Corrugating Medium
Average tear 231.5 +0.01846 + 4.273
Stretch across 3.1 +0.57991 + 1.798
Double-Face Liner
Average tear 365.0 +40.00031 4 0.113
Stretch across 3.4 +0,98895 + 3.362
Total +19.419

The sum of the weighted values is +19.419, to which
is added the constant for the particular box test in
question. In the case of the drop test the constant was
~11.209; thus, the predicted drop value for Run
Combination 1 is 8.2 [+19.419—-11.209=8.2]. The
observed drop value was 7.9, in contrast to the antici-
pated or predicted drop value of 8.2. Using this same
method of calculation, a set of expected and observed
values for any given box test may be prepared, as in
Table XXXVIIIL

The material in Table XXXVIII is presented graph-
ically in Figures 45-48. The (multiple) correlation
coeflicients of the predicted and observed values of
Table XXXVIII were as follows:

Drop +0.94
Drum +0.93
Top-load compression +0.87
End-load compression +0.86

It may be noted that the differences between the
obscrved drop values and the values predicted on the
basis of the compenents are quite small. Tt should be
mentioned that the agreement of these two values
far exceeds usual statistical experience. It may also be
observed that the correlation of predicted and observed
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TABLE XXXV*
AVERAGE ELMENDORF TEAR, BURSTING STRENGTH, AND G. E. PUNCTURE VALUES—RUN COMBINATIONS 1-22

Double-T'ace Liner

Single-Face Liner

Corrugating Medium

Average Average Average

Elmendorf Bursting ‘G, E. Elmendorf Bursting G.E. Elmendorf Bursting G.E.

- Run-- - Tear, - Strength, Puncture, - Tear, Strength,- Puncture, Tear, . Strength, Puncture,
Combination g./sheet points units g./sheet points units g./sheet points units
1 360.0 87 39 231.5 61 19 365.0 90 36
2 354.0 88 37 218.0 61 18 378.0 93 38
3 355.0 89 35 228.5 75 20 378.5 98 39
4 348.0 93 34 223.0 57 20 355.5 - 107 38
5 343.5 94 34 115.0 31 9 371.0 104 38
R i 1 A R * I S /- 249.0 - 580 —-—19 -~ - -311.0 101 538
7 361.5 89 36 -~ - - 180.5 50 15 3145 87 = 38
8 3515 89 35 256.5 53 21 383.5 93 38
9 342.5 92 35 262.5 59 n 331.0 85 35
‘10 40270 99 38 2625 64 "7 217 392.5 ) 38
11 396.0 96 38 263.5 62 2t 370.8 89 36
12 411.5 104 42 233.0 63 19 423.5 96 50
13 319.5 81 36 238.0 63 17 293.0 78 28
14 380.0 94 38 247.0 62 17 374.0 94 40
15 376.0 90 37 248.0 67 18 423.0 91 42
16 355.5 84 35 253.5 63 19 330.5 85 34
17 371.5 80 38 228.5 62 16 381.5 86 39
18 337.5 87 34 223.5 64 16 337.0 90 31
19 384.0 98 35 240.5 70 17 369.0 100 34
20 385.5 97 36 192.5 52 15 385.5 100 36
21 276.0 57 29 189.0 S0 13 280.5 59 30
22 273.5 58 31 41.0 70 18 281.0 56 30

* In those run combinations in which the G. E. puncture data were not available (see Table XLVIT), the values used in this table were the
averages of the G. E. puncture results for the entire roll.

TABLE XXXVI
CORRELATIONS OF COMPONENT TESTS WITH EACH OTHER AND WITH PHYSICAL TESTS ON BOXES

Correlations Between Component Tests

Correlations with Physical Tests on Boxes

Top-Load End-Load

Amthor Tensile Amthor Stretch Compres- Compres-

Elmendorf G.E. sion sion
Average Bursting  Punc- {0-0.75  (0-0.50
Tear In Across In Across Strength  ture in.) in.} Drum Drop
. Single-Face Liner
Average tear +1.00 -+0.82 +0.76 +0.60  -0.73 +0.88 40.84 +0.57 +0.41 +0.79 40.78
Tensile—in +0.82 -+1.00 40,58 +0.57 -+-0.56 +0.86 +0.67 4-0.43 +0.40 +0.62 +40.60
Tensile—across  +0.76 -+0,58 -+41.00 +0.59 +0.66 +0.75 +40.50 +0.49 +40.20 +0.62 +40.50
Stretch—in +0.60 +0,57 +(.59 +1.00 +0.37 40.81 +40.44 +10.45 +0.20 +0.36 +40.33
Stretch—across  $40.73 +0.56 +4+0.66 +0.37 +1.,00 +0.60 40,55 -+0.29 +0.21 +0.68 -+0.68
Bursting strength 40,88 +0.86 +0.75 +0.81 40,60 +1.00 4-0.68 +0.55 40,37 +0.67 +40.63
G. E, puncture  +0.84 +0.67  +0.530 +0.44 +0.55 +0.68 +1.00 +-0.52 +0.42 +0.61 +40.68
) Corrugated Medium
Average tear +1.00 +0.86 +0.62 +0.53 40.23 +0.75 +0.89 +0.62 +0.70 +0.55 +0.58
Tensile—in +0.86 +1.00 +0.54 +0.69 +40.54 +0.88 40.77 +0.56 +0.60 +0.42  40.49
Tensile—acress  +0.62 +0.54 +1.00 +0.21 +0.66 +0.61  40.70 +0,51 +0.37 +0.45 +0.36
Stretch—in +0.53 +0.69 -+40.21 +1.00 -+40.55 40.70 40.31 +0.26 +0.26 40.32  40.37
Stretch—across  +0.62 +0.54 +0.66 +0.55 +1.00 40.66 -40.58 -+0.61 +40.60 +0.45 +40.49
Bursting strength +0.75 -+0.88 +0.61 +0.70 +4-0.66 4+1.00 +40.65 -+0.51 +0.48 +0.39  40.43
G. E. puncture +0.89 +0.77 +0.70 +0.31 ~+0.58 +0.65 -1.00 +0.71 +0.73 +0.51 40.56
Double-Face Liner
Average tear +1.00 +0.70 +0.79 +40.57 +0.63 +0.74 +0.87 +0.46 +40.27 +0.61 +40.63
Tensile—in +0.70 +1.00 +0.62 +0.75 +0.61 4+0.86 +0.58 +0.46 +0.33 +0.46 +0.46
Tensile—across  40.79 +0.62 +1.00 +40.58 +0.37 +0.82 40.51 +0.28 40.05 +0.48 +40.42
Stretch—in +0.57 +0.75 +0.58 +1.00 +10.57 +0.84 +40.46 +0.45 +4+0.25 +0.43 +0.37
Stretc_h—across +0.63 -+0.61 +0.37 +0.57 +1.00 +0.59  40.69 +0.45 +0.50 40.63 +40.71
Bursting strength +0.74 +0.86 +0.82 +0.84 -4-0.59 +41.00 4-0.57 +0.41 +0.22 4-0.49 40.45
G. E. puncture +0.87 +0.46 +0.69 +0.57 +41.00 +0.39 +0.32 +0.53 +0.63

+0,58

+0.51
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TABLE XXXVII

WEIGHT FACTORS FOR AVERAGE ELMENDORF TEAR AND AMTHOR STRETCH (ACROSS-MACHINE
DIRECTION) USED IN PREDICTING BOX TESTS

Top-Load End-Load Drum, Drop
Compression, Ib. Compression, ib, Falls to Box Draps to Box
_ (0-0.75in) (0-0.50in.) __ .- Failure - Fatlure
Single-Face Liner )

Av. Elmendorf tear -4 1.27800 + 0.03971 + 0.32721 +40.02298
Amthor stretch across —32.65825 — 51,91361 + 4.84804 +0.57150
Corrugating Medium
Av. Elmendot{ tear 4+ 0.25084 + 1.82131 + 0,05667 -+ 0.01846
_Amtb@"slretch_acrpss_ C .. _._.40.38682 +-16.61161 - - - 4 6.31149°  TTT T 4005790
Double-Face Liner
Av. Elmendorf tear —~ 0.06432 4+ 0.24949 —.0.08458 - -+ 0.00031
.- - - Amther stretch across ST 4 1.17929 +106.09366 — 0.28012 -+ 0.98595

Canstant “—66.589 —192.371 —88.588 —~11,209

TABLE XXXVIII

COMPARISON OF OBSERVED AND PREDICTED PHYSICAL TEST RESULTS ON BOXES BASED ON AVERAGE
ELMENDORF TEAR AND AMTHOR STRETCH (ACROSS-MACHINE DIRECTION) VALUES OF COMPONENTS

Top-Load Compresston, 1b.

End-Load Compression, Ib. - .

Drum 12-Inch Corner Drop

Comléilnn tion Deflection Range 0-0.75 in. Deflection Range 0-0.50in.  No. of Falls to Box Failure = No. of Drops to Box Failure
al Observed Predicted Observed Predicted Observed  Predicted Observed I'redicted
1 487 466 634 602 38 44 7.9 8.2
2 506 502 628 614 42 46 8.1 8.5
3 505 519 523 599 49 51 8.6 8.8
4 469 446 592 564 42 42 8.3 7.8
5 397 37N 423 347 32 25 5.8 5.0
6 489 495 611 651 48 49 8.1 . 9.2
7 460 452 469 478 37 43 6.5 7.4
8 502 520 620 639 66 54 10.1 9.3
9 501 451 614 552 42 46 7.6 7.9

10 528 511 646 655 69 61 i1.2 10.5
11 525 - 525 668 625 59 60 9.6 9.6
12 S00 513 624 662 67 68 12.0 11.8
13 458 457 478 531 39 44 6.9 7.3
14 ‘468 502 656 654 63 60 1.1 10.5
15 506 499 602 546 55 58 9.8 9.6
16 470 497 633 643 49 57 9.3 9.7
17 434 454 459 518 50 47 8.5 8.1
18 374 434 399 469 36 36 5.6 6.2
19 568 508 682 588 73 65 11.4 10.4
20 393 420 411 475 51 54 7.8 9.2
21 333 350 361 394 20 18 4.8 4.0
22 439 421 608 6.3 6.2

values for the drum test is verv high, but that the
correlation for the two compression tests is lower, al-
though still good.

A comparison of the weight factors shown in Table
XXXVII indicates that the Elmendorf tear and
Amthor stretch characteristics of the single-face liner
had a greater influence in predicting drum and drop
test results than in predicting the compression results.
On the other hand, the characteristics of the corrugat-
ing medium were perhaps more significant in predict-
ing top- and end-load compression than were the cor-
responding characteristics of the single-face liner. The
values for the average Eimendorf tear and the Amthor
stretch in the across-machine direction for the double-
face liner did not appear to influence the predicted box
test values nearly as much as the same test values for
the single-face liner or corrugating mediums.
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It may be recalled that the correlation cocflicients
for bursting strength and G. E. puncture with box
tests indicated that, together, they appeared promising
as an alternate for average Eimendorf tear and Amthor
stretch in the across-machine direction in a two-factor
predictive relationship. As a means of determining
their predictive relationship, the results of the bursting
strength and G. E. puncture test on the twenty-two
run combinations have been subjected to the same
statistical treatment as that described for average
Elmendorf tear and Amthor stretch in the across-
machine direction. The weights appropriate for esti-
mating the various hox tests were determined as shown
in Table XXXTX. The observed values for drop, drum,
top- and end-load compression are compared with
the corresponding values predicted from the bursting
strength and G. E. puncture results in Table XL. The
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TABLE XXXIX

WEIGHT FACTORS FOR BURSTING STRENGTH AND G. E.
PUNCTURE USED FOR PREDICTING BOX TESTS

Top-Load  End-Load

Eoiesd G pum b
, sion,Ib.  sion, Ib. Falls to Drops to -
__in Deflection in Deflection Box Box -
Range Range . -
0-0.75in. 0-0.50in,  Tmwre  Failure

' Single-Face Liner

Burstingstrength -+ 1.94544 -+ 1.66914 4 0.92141 <+ 0.06373
G.E. puncture 4 0.74108 4 2.14615 < 0.17857 -+ 0.15159

© Corrugating Medium ™

Burstingstrength -+ 1.44478 + 0.73725 + 0.48311 + 0.06210
G.E.puncture -+ 8.25580 +20.96616 + 0.43380 + 0.11191

B Double-Face Liner

Bursting strength — 0.03887 — 0.73179 — 0.30539 — 0.02331
G. E, puncture -+ 0.56511 <4 2.30802 <+ 2.30802 - 0.14938
Constant +-20.809 —95.603 —68.124 —11.687

results of Table XL are presented graphically in Fig-
ures 49, 50, 51, and 52.

In connection with the data given in Table XXXIX,
it may be noted that, as in the previous relation (aver-
age Elmendorf tear and Amthor stretch in the across-
machine difection), the characteristics of the corru-
gating medium appear to be more lmportant that those
of the liners fn predicting the compression tests, and
that the single-face liner appears to have a greater
effect than the double-face liner.

The (multiple) correlation coefficients when bursting
strength and G. E. puncture values are used in a two-
factor relationship are as follows:

Drop +0.86
Drum +0.82
Top-load compression +0.83
End-load compression +0.77

It may be seen that, when the box test values were
based on the bursting strength and G. E. puncture re-
lationship, the correlation of predicted and observed
values was poorer for all the box tests than when the
corresponding predictions were based on the relation-
ship between average Elmendorf tear and Amthor
stretch in_the across-machine direction.. _ _ .

The correlation coefficients are indicative of the
probable relationships between the conventional tests
currently being used to evaluate Fourdrinier kraft -
board and boxes. Also, the statistical technique used.
illustrates a means of handling a large amount of data
on components, combined board, and boxes. In addi-
tion, it permits the resolution of those data not only
into a simple two-factor relationship, but also into a
three- or four-factor relationship which is convenient to
handle and can be expressed as a numerical value.

In considering the above correlations, it should be
borne in mind that these results were based on twenty-
two different lots of combined board and boxes which
were made under carefully controlled but normal con-
ditions of operation, and are presented herein solely
on that basis. Further, the boxes were all.of one size
and style (namely, 24 No. 2} can size) and were all
scored on the same equipment. Whether the above
correlations would apply to combined board and boxes
made from different materials and under different
conditions of manufacture and conversion can be de-
termined only by further study.

TABLE XL

COMPARISON OF OBSERVED AND PREDICTED BOX PERFORMANCE BASED ON COMPONENT BURSTING
STRENGTH AND G. E. PUNCTURE

R _Top-Load Compression End-Load Compression Drum Drop
un
Combination Observed Predicted < Observed Predicted Observed  Predicted Observed Predicted
1 487 481 © 634 594 38 48 7.9 9.0
2 506 474 628 569 ) 42 47 8.1 8.7
3 505 512 523 621 49 56 8.6 9.7
4 469 492 592 603 42 47 8.3 8.4
5 397 365 423 357 32 32 5.8 5.6
6 489 491 611 593 48 52 8.1 8.6
7 460 435 469 504 37 45 6.5 7.9
8 502 488 620 625 66 47 10.1 8.4
9 501 50 614 635 42 53 7.6 8.7
10 528 325 646 656 69 61 11.2 10.1
11 525 516 668 650 59 58 9.6 9.7
12 500 527 624 658 67 71 12.0 12.6
13 458 449 478 527 39 42 6.9 7.1
14 468 481 656 569 63 55 11.1 9.6
15 506 489 602 591 35 56 9.8 10.0
16 470 474 653 581 49 46 9.3 8.1
17 434 445 459 530 50 43 8.5 8.6
18 374 454 399 511 36 45 5.6 7.3
19 568 494 682 556 73 57 11.4 8.9
20 393 452 411 506 St 48 7.8 7.9
21 . 333 347 361 397 20 17 4.8 4.0
22 . 439 421 608 525 33 31 6.3 6.2
60
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e APPENDIX A -~ - - o

DETAILED TABLES OF TEST RESULTS

The test results obtained for the components, com-
bined boards, and boxes are given in detail in Tables

XLI, XLII, and XLIII-for. Run Combinations-1-

through 8, 9 through 18, and 19 through 22, respec-
tively. The drum and drop test data include the num-
“ber of falls or drops to the first can cut, the first 6-inch
tear, and box failure. The top- and end-load compres-
sion data are given for the deflection ranges 0-0.25,
0-0.50, and 0-0.75 inch; the maximum loads sustained
and the deflection at the maximum loads are also given.

The box test results obtained for each of the various
run combinations, as given in the body of this report,
were based on the average of tests on an equal number
of front and back side boxes. The details of the tests
for these two lots of boxes are given in Table XLIV.
The physical characteristics of the combined board
samples which were taken from these boxes are given
in Table XLV,

In addition to the combined board tests on the

64

samples taken from the boxes, tests were made on the
unscored blanks which were removed during the

-fabrication of each-run combination; the-data for

such combined board tests are given in Table XLVI.

The test data obtained on the components at the
start, middle, and end of each run combination are
shown in Table XLVIL. The average values given for
the start and end of each run combination were, in
general, the averages of the results obtained on three
sample lots taken across the roll-—front, center, and
back. For those rolls which were used in more than one
run combination, as well as the samples taken during
the middle of each run combination, the values re-
ported are the average of the results obtained on two
sample lots—front and back.

The averages given in Table XLVII are based upon
the total number of test specimens for a given run
combination and are not necessarily the averages of
the values reported for a given property in the table.




Run LP.C. .
Combi- Roll
nation No.
1 4
7
1
2 4
8
1
3 5
g
1
4 5
i0
2
5 5
11
2
6 5
12
2
7 6
13
3
8 6
14
3
Run
Combination
1
2
3. -
4
3
6
7
8

TABLE XL1
RUN COMBINATIONS 1-8: STANDARD LINER—MILL AVERAGE MEDIUM

ComMPONENT STRENGTH TESTS

Basis Ring Compres-  G. E. Elmendorf Amthor Tensile, A
. . Weight _ . Bursting _sion, Ib. Punc-  Tear, g./sheet b, fin. Sue‘:‘c‘g'"{?
Mill Roll (12 x12/ Caliper, Strength, ture, v 7o
Code Position 1000),lb, peints points In  Across  units In  Across In  Across In  Across
A4 S.F 429 15.1 87 26.5 22.0 39 331 389 76.0  36.6 1.4
W8 Corrug. 260 9.2 61 17.9 1.9 19 195 268 56.6  21.6 17 2,?
A18 D.F. 4.4 154 9 30,7 238 36 336 394 845 369 20 34
A24 S.F. 4.9 152 88 274 .9 37 322 386 75.4 375 YTOo27
U-8 Corrug.- *-25.9-- -10:1 - -6l 8.2 13.1- --18- —198-—238 - 5312 - 4.3 Ty 4,
A-18 D. F. 41.7 15,2 98 1 23.3 — _ 359 397 81.1 38.5 1.8 35
A-2T  S.F. T 398 144 &9 .1 241 35 324 386 76.5  37.3 20 .29
Z-8 - Corrug- —2614 -89 - 75 19.4 15.8— 20 "216" 241,77 56.87 32.8 2.0 4.7
A-18 D.F. 423 153 98 31,5 23.4 39 330 407 86.2  37.2 2.0 3.2
A27 S.F 0.1 14.4. 93 29.4 22,5 — 315 381 4.7 370 2.2 3.0
T9 Corrug. ~ 26.1 10.0 57 16,9 13.2 20 211 235 47.1 238 1.5 3.2
H-6 D.F. 41.6 15.9 107 31.0 241 38 334 3 82.6 409 2.2 33
AT S.F. 40.6 14.5 9% 9.2 22.9 — 323 364 5.2 372 2.1 2.9
V-7 Corrug. 26.2 10.5 31 13.0 10.2 9 109 121 30.1 17.8 1.0 2.1
H6 D.F. 4.9 162 104 35.6  26.1 — 348 394 82,0 382 2.5 3
A-27 S.F, 40.7 14.5 9% 30.3 23.6 34 329 377 75.2 36.3 2.1 3.
X2 - Corrug. 271 9.5 58 19.5 14.4 19 239 259 51.3 251 2.0 4_(1)
H-6 D.F. 4.9 16.1 104 34.0 25.7 K} 346 396 83.1 390 2.3 3%
A-28 S F. 39.9 14.4 89 29.3 231 36 335 388 75.1 37.8 2.1 31
Y.9 Corrug. 26.0 8.8 50 18.7 13.3 15 165 196 48.0 22.2 19 33
B3 D.F 3.4 163 87 287 208 38 330 399 827 363 2.0 372
A-28 S.F. 39.9 14.4 39 26.¢ 22.3 35 3?9 374 76.8 379 2.0 3.0
S-6 Corrug.  26.5 9.9 £3 19.1 15.7 21 259 254 484 313 L5 a7
B-3 D F. 43.4 16.0 93 307 223 33 331 376 81.0  36.3 2.2 32
CoMBINED Boarn STRENGTH TESTS
Weight per 1000 Basis Weight  Bursting Strength, G. E. Puncture, G. E. Stifiness, Pin Adhesion, H. anet I, Crysh
oxes, Ib. (12 x 12/1000}, 1b. Points Units Units b g in,

1047 121 239 217 93 7i 25 1

1047 122 240 226 96 67 4.7

1031 120 238 225 90 61 4.8

1038 120 239 203 .86 7 235

1038 120 232 169 68 70 145

1038 120 234 207 85 72 240

1044 120 220 194 LT 62 254

1053 122 230 224 94 72

Small Revolving

Drum

12-Inch Corner Drop

Run

Combi- First First Final First
Box Can
Tear Failure Cut

nation

0 3 o B W N

Can
Cut

8

T

G-in,

35
38
41
35
27
41
30
53

38
42
49
42
32
48
37
66

2.4
1.8
1.4
1.3
1.1
1.3
11
1.9

First

6-in.

Tear Failure

(!
7.4
7.4
7.4
4.0
7.1
5.4
9.3

Final
Box
7.9
8.1
8.6
8.3
5.8
8.1
6.5
10.1

Box STRENGTH TEST

Top-Load Compression

Max. Load Sustained
in Deflection Range, Ib.

0-0.25 0~0.50 0-0.75

in.
363
403
456
401
362
388
354
402

in,
469
S0
505
457
380
486
443
496

in.
487
506
503
469
307
489
460
502
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Marx. Load Sustainer
in Deflection Range, Ib.
Max. Deflection

Load, at Max. 0-0.23 0-0.50 0-0.73
1b. Load, in. in. in. in.
487 0.4 466 634 634
506 0.38 491 628 628
503 0.30 411 523 523
469 0.40 474 392 392
398 0.41 370 423 423
489 0.39 423 61t 614
460 0.41 418 469 469
502 0.40 430 620 620

Mary
Torpurt,
i,

End-Load Comprers,an

LDieflertion
at Max,
Lead, in.

/R

f

U]

3




TABLE XL1l

RUN COMBINATIONS 9-18: STANDARD CORRUGATED MEDIUM—MILL AVERAGE LINERS )

Basis
coun LR Mill . Roll-w Weight
Pl ¥ ¢ Position (32x12/ Caliper,
Ration  No. 1000), Ib. Points’
9 15 A7 ST 40.3  13.8
: 34 U-15  Corrug.  28.0 1.1
16 A-22  D,F, 0.6 14.9
10 17 H-t S.F 4217 156
I () U-15"" Corrug. =~ 27.8 7 11.0
18 H-8 D F 4.3 "15.2
11 1 B3 S F 433 157
- 39 U-15° Corrug. ™ 27.8 10.9
20 B-1 D F. 41.8 6.1
12 29 I-10 S. F, 43,1 14.9
40 X1 Corrug, 26.8 9.2
22 I-12 D.F, 43.8 15.2
13 23 F.5 S.F. 40.3 12.9
40 X-1 Corrug.  26.2 9.2
24 F-6 D.F. 39.6 12.6
14 25 C10 S.F 420 145
41 U-2¢  Corrug. 271 11.3
26 Cc-9 D.F. 42.0 14.7
15 27 D20 S.F. 4.0 148
41 U-20  Cerrug. 27,0 11.4
28 D-s D.F, 4.2 16.3
16 2% E-3 S.F. 42.6  16.0
41 U-20  Corrug. 27.2 11.4
30 E.3 D. F. 41.9 4.1
17 31 G-12 S.F. 41.0 15.5
2 Y.6 Corrug. 6.0 9.3
32 G-1 D.F. 42.6 . 15.0
18 33 J-11 5. F. 4.3  15.0
42 Y-6 Corrug. 26.1 9.3
3 J3 D.F. 41,9  15.2
Run Weight per 1000 Rasis Weight
Combination Boxes, b, (12 x 12/1000), 1b,
Q 56 121
10 1085 123
t1 1076 124
12 © 1075 124
13 1019 iz
14 1079 123
15 1076 124
16 ia72 123
17 1044 120
18 1041 120
Small Revolving
Drum 12-Inch Corner Dirop
Run Fiest First Final First TFirst Final
Combi- Can 6-in. Box Can 6-in.  Box
nation  Cut Tear Fallure Cut  Tear Failure
9 6 37 42 1.1 6.8 7.6
10 10 59 69 1.7 105 11,2
11 10 47 59 1.8 8.6 8.6
12 14 62 67 3.1 10.7 120
13 533 39 3 63 6.9
14 10 56 63 1.8 9.8 1141
15 7 47 55 2.2 9.4 9.8
16 7 45 49 1.9 8.3 9.3
17 7 H 50 1.7 7.9 8.5
18 7 34 36 1.1 4.4 5.6

CoMPONENT StrENGTH TESTS

Bursti Ring Compres- G.E. Elmendorf Amthor Tensile, Amthor
Stgeng!?lf sion, Ib. * ° Punc-  Tear; g /sheet - b fin. Stretch, %
s ’ ture
points In Across units: In  Across In Across In  Across
92 29.9 4.4 35 g 367 76,2 38.8 20 3.1
50 19.4 11.6 bl 243 282 55.8 25,7 1.7 3.3
85 27.8 22.4 35 301 361 4.5 35,9 1.8 2.6
99 294 24.0_ . _ 38 382 422 75.4.._.40.2 2.0 3.5
64 20.3 15.0 — 244 281 56.6 26,8 1.6 3.3
86 28.8 24.1 38 370 415 80.7 41,2 2.2 3.6
. 9% . 306 24.7. 38, 361, 431 86.6. 404. -20 30
62 18,9 151 21 244 283 56.7 268 1.9 3.4
89 8.3 1.8 36 341 - 400 82.9 359 1.9 3.1
104 28.4 21,2 42 J7t 432 T 85.1 36.4 2.3 4.3
63 18.2  13.0 1% 214 252 53.6  23.1 2.1 3.9
96 28.9 24.1 50 408 439 79.8 37.6 2.0 4.4
81 25.1 21,9 36 305 334 68.4 335 1.7 2.9
63 2.0 14.4 17 226 250 50.6 23.4 1.9 4.1
78 25.0 20.8 28 273 313 63.7 33.1 1.8 2.7
94 3t0 194 K34 340 420 86,5 36.8 1.4 3.7
62 21.2 13.5 17 226 268 57.0 23.3 2.2 4.0 -
94 20 .4 20.3 40 KXY 416 34.8 36.3 1.8 3.9
90 28,0 22.4 37 372 380 1.1 42,8 2.1 3.9
67 18.8 14.0 — 221 275 54.9 23.3 2.2 4.3
91 26.1 20_.8 42 397 449 71.0 4.4 1.7 Z.8
84 28.6 20.1 35 320 391 83.0 33.5 1.6 3.4
. 63 18.2  13.1 19 229 2718 524 234 20 43
&5 25.4 192 34 306 355 7.8 3.6 1.6 3.6
80 26.2 20.2 38 362 381 68.0 38.2 1.4 3.3
62 19.2 14.1 16 208 249 52.4 24.3 1.8 2.9
86 27.2 21.6 39 361 402 75.4 42.0 1.6 2.9
87 30.6 23.8 34 304 n 76.8 36.3 1.7 2.6
64 21.4 15.8 16 198 249 52.8 24.6 1.9 2.9
920 14 25.1 31 310 364 6.6 38.7 1.5 2.3
CompINED BOARD STRENGTH TESTS
Bursting Strength, G. E. Puncture, G. E. Stiffness,  Pin Adhesian, H. and D. Flat
points units units 1b. Crush, 1b./sq. in.
235 221 89 73 26.3
247 226 92 78 5.4
236 228 97 75 25.8
248 233 87 77 28.4
185 191 78 71 26,2
243 233 92 78 30,8
235 236 95 69 32.7
243 2 96 71 31.0
214 204 73 7t 19.2
217 176 70 75 16.2

Rox StreENGTH TrSTS

Top-Load Compression

Fnd-Load Compression

MMax. Lead Sustained
in Deflection Range, Ib,

0-0.25 0-0.50 0-0.75 Load,

in.

404
401
432
305
336
3N
393
360
388
363

in. in.

498 501
528 528
L9185 525
499 500
458 458
466 468
495 506
460 470
432 43¢
314 37
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Max. Deflection
at Max.

Ib. Load, in,
S0 0.39
528 Q.40
525 0.42
500 0.39
458 (.39
468 .39
506 0.45
© 470 0.43
434 0.36
374 0.26

Max. Load Sustained
in Deflection Range, Ib.

in.

490
519

827 .

433
396
499
461

505
408

0-0.25 0-0.50 0-0.73%

in. in.
614 614
646 646
6HOR 669
624 624
478 478
656 656
602 602
633 653
439 459
300 399

31

Max, Deflcction

Load, at Max.
ib. Load, in.
614 0.31
646 - 0.31
669 0.33
624 0.34
478 0.31
656 0.33
602 0.32
653 0.35
459 3.28
390 0.25




I

Basis

: . Ring Compres-  G.E.  Elmendori Amthor Tensile, Amthor
Run  LP.C. Weight .~ _ . _Bursting - - - sion, tb; Punc- ~Tear, g./sheel 1b./in. Stretch, %
Combi- - Roll Mill Roll ~ (12x12/ Caliper, Strength, ture, —_—
pation No, Code Position 1000),1b. points  points In Across units In  Across In Across In  Across
19 35 C-3 S.F. 43.9 14.0 98 32.4 25.9 as 381 387 8.2 44 .1 1.3 4.0 .
43 U-11 Corrug. 27.5 1.1 i\ 21.5 16.0 17 227 254 53.3 26.4 2.0 4.3 |
36 H-14 D.F. 41.6 15.4. 100 20.6 23.3 34 343 393 77.1 40.6 2.1 3.5 i
- -
20 35 C-3 S ¥ 44.3 14.0 97 32.7 269 36 383 -—348 £4.3 44 3 2.0 4.5 i
44  Y-10_ _ _Corrug. 249 -—9.1+ - -52 17.2 77 11.9 15 171 208 4.5 22,2 1.8 2.8 "
36 H-14 D.F. 42,1 15.8 100 29.9 23.2 16 369 402 7.6 42.% 2.1 3.7
21 37 E-1 S, b. 443 16.8 57 216 16,8 -. 29 272 - 280 53.5 2927 T 1.7 1.5
M Y-10 . Corrug. 24.8 0.1~ - 50 19.0 12.4 13 176 202 45.7 21.4 1.8 2.8
38 E-2 D.F. 43.9 17.2 59 22.8 16.7 30 279 282 4.6 0.0 1.0 2.3
22 37 E-1 ) S.AF. 4.9 16.5 58 21.5 . 16.9 3 265 282 85.1 29.8 1.2 2.5
43 U-1i Corrug. 27.6 11.1 70 1.9 15,7 18 228 254 4.1 26.6 1.8 4.3
38 E-2 D.F. 4.6 17.4 56 22,6 161 30 274 288 54.7  23.4 1.3 2.7
CoMsINED BOARD STRENGTH TESTS
Run Wt, Per 1000 Basis Weight  Bursting Strength, G. E. Puncture, G. E. Stiffness,  Pin Adhesion, H. and D. Flat
Combination Bozxes, 1b. (12 x 12/1000), Ih. points upits units Ib. Crush, 1b./sq. io.
19 1085 125 246 238 105 74 33.0
20 1056 122 ! 240 177 67 70 17,0
21 1076 124 194 ' 149 65 64 15,7 -
22 1119 . 130 168 215 96 a7 35.7
Box STrRENCTH TEST
' Top-Load Compression End-Load Compression
Small Revolving .
Drum 12-Inch Corner Drop Mazx. Load Sustained Max. Load Sustained
in Deflection Range, 1b. in Deflection Range, 1b. ]
Run  First First Final First Tirst TFinal Max.  Deflection Mazx. Deflection
Combi- Can 6-in. Box Can  6-in.  Box 0-0.25 00,50 0-0.75 Load, at Max. 0-0.25 0-0.30 0-0.75 Load, atMax.
nation Cut Tear Failure Cut Tear TFailure in. in. in. 1b. Load, in. in. in. in. 1b. Load, in.
19 7 062 73 2.1 103 11.4 453 566 568 368 .42 452 082 082 682 0.38
20 7 43 51 1.1 6.5 7.8 387 393 393 393 0.27 388 41 411 411 0.26
21 3 16 20 1.0 3.8 4.8 T 205 331 333 333 0.36 353 361 301 361 0.24
22 1] 30 33 1.1 5.9 6.3 340 414 439 439 0.30 489 608 608 608 0.31
67
—

TABLE XLIII
RUN COMBINATIONS 19-22: COMBINATIONS OF HIGH- AND LOW-TEST COMPONENTS

CompoNENT STRENGTH TESTS




TABLE XLIV
PHYSICAL CHARACTERISTICS OF BOXES
Run Combinations 1-22

Small Revolving Drum, Falls to . . - R -

Run Weight per 1000 boxes, Ib. ist Can Cut ist 6-Inch Tear . Box Failure

Combi-
nation Front Back Average Front Back Average Front Back  Average Front Back  Average
1 1056 1038 1047 10 6 8 42 28 35 46 31 38
2 1050 1044 1047 8 6 7 40 35 38 45 38 42
3 1044 1018 1031 13 4 8 49 33 41 55 42 49
.. 4 1032-+~ 1044 -- 1038~ - - 6 - -—-8-~ —-7 - - 37 ~33 35 v 745 - 7 38 0 42 T
5 1032 1044 1038 5 3 4 33 20 27 39 25 32
6 1044 1032 1038 12 4 8 49 33 41 55 42 48
7-- 1062 -~ -1026 - ' — 1044 6 - "3 T 4 36 23 300 T 437 30 T 37
8 1056 1050 1053 9 6 7 04 42 53 79 53 66
9 1056 1056 1056 6 6 6 35 39 37 4 43 42
10 1082 1088 1085 10 9 10 70 49 59 7 61 6%
1 1076 1076 1076 10 9 10 4+ 49 47 50 68 59
12 1082 1068 1075 17 11 14 60 63 62 67 68 67
13 1026 1012 1019 6 5 5 36 30 33 4 35 39
14 1076 1082 1079 8 13 10 50 62 56 58 69 63
15 1076 1076 1076 8 7 7 47 48 47 55 55 55
16 1068 1076 1072 7 6 7 50 41 45 54 45 19
17 1044 1044 1044 8 7 7 50 39 44 57 44 50
13 1044 1038 1041 7 7 7 44 23 34 47 26 36
19 1088 1082 1085 8 6 7 64 60 62 81 66 73
20 1062 1050 1056 8 5 7 46 40 43 56 45 ‘51
21 1076 1076 1076 3 3 3 17 16 16 22 18 20
22 1112 1126 1119 8 4 6

' 34 27 30 38 28 33

TABLE XLIV—Conlinued

Top-Load Compression, Ib,

Max. Load Sustained in Deflection Range

Deflection at Max,

Rurlx) 0-0.25 in, 0-0.50 in. , 0-0.75 in. Mazx. Load Sustained Load, in,

Combi-

nation Front Back Average Front Back Average Front Back Average Front RBack Average Front Back Average
1 358 368 363 401 447 469 491 483 487 491 483 487 0.35 .53 0.44
2 384 A 403 508 494 501 508 504 506 508 sS4 506 0,34 042 0.38
3 443 468 456 504 507 503 304 507 505 504 507 505 033 0.28 0.30
4 40 401 401 476 438 457 480 458 469 480 458 469 0.36 0.45 0.40
5 350 33 362 n 380 380 380 406 397 390 406 398 0.43 0.39 0.41
G 380 388 388 5066 466 486 506 473 489 506 473 489 036 0.4 0.39
7 368 421 394 46 439 443 481 439 460 481 439 460 0.52 0,30 0.4t
8 40 394 402 510 482 496 511 494 502 51t 494 502 0.36  0.45 0.40
9 403 405 4 524 4N 498 524 478 501 524 478 501 0.36  0.41 0.39
10 409 393 401 517 538 528 517 538 528 517 538 528 0.33  0.42 040
11 423 4 432 332 498 515 542 508 525 542 508 525 0.38 045 0.42
12 384 406 395 509 490 499 500 491 500 500 491 500 0.37 0.42 0.39
13 an 341 356 471 44 458 471 444 458 471 444 458 035 0.4 0.39
14 361 383 an2 483 M9 466 483 453 468 483 453 468 038 039 0,39
15 390 395 393 525 464 495 526 486 506 526 486 506 0.41 0.50 0.45
16 326 394 360 471 449 460 478 462 470 478 462 470 .41 0.45 0.43
17 396 379 388 449 414 432 449 419 434 449 419 434 .34 0.39 0.36
18 301 336 363 Jo4 354 34 394 354 314 394 35¢ 374 c.24 029 0.26
19 454 453 453 368 364 566 568 568 568 568 568 568 0.37 047 0.42
20 . 399 375 387 101 385 393 401 386 393 401 386 393 6.22 0.32 0.27
21 288 302 295 336 326 33 336 329 333 336 329 333 0.32 0.41 0.36
22 331 349 340 407 421 414 416 463 439 416 463 439 043 0.57 0.30
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TABLE XLIV
PHYSICAL CHHARACTERISTICS OF BOXES
Run Combinations 1-22

.- - ... " 12-Inch Corner Drop, Drops to

Weight of Loaded Sample, Ib. 1st Can Cut Ist 6-Inch Tear Box Failure Run

Combi-

Front Back Average Front Back  Average Front Back  Average Front Back  Average mnation
51,1 50.9 51.0 2.5 2.4 2.4 7.4 6.9 71 8.4 7.5 7.9 1
5.1 51.0 511 2.4 1.1 1.8 8.5 6.3 7.4 8.8 7.4 8.1 2
51.3 50.8 51.1 1.6 1.3 1.4 8.4 6.5 7.4 9.3 7.9 8.6 K}

51.2 St - 51.2 1.0 1.5 1.3 8.4 6.5 74- - B8 ..78. .83 __ _4_ —— e

51.2 50.9 511 1.0 1.3 1.1 3.9 4.1 4.0 5.8 5.8 5.8 3
51.5 51.4 50,4 1.4 1.1 1.3 7.3 6.9 7.1 8.4 7.8 8.1 6

51.3 '51.4 51.3° - 1.1 1.1 1.1 " 6.1 4.6 5.4 7.1 -59-- 6.5 - 7--
51.0 51{.0 5.0 [.9 2.0 t.9 10.1 8.5 2.3 11.3 940 10,1 3
50.9 50.8 5.9 1.1 1.0 1.1 7.3 6.3 6.8 8.0 7.3 7.6 9
51.2 51.2 51.2 2.1 1.3 1.7 10.6 10.4 10.5 11.8 10.6 11.2 10
51.0 51.0 51.0 2.5 1.1 1.8 9.6 7.6 8.6 10.5 8.8 9.6 11
50.6 50.5 50.5 2.6 3.5 3.1 10.6 10.8 10.7 1.9 12.1 12.0 12
50.2 50.4 50.3 i.5 1.1 1.3 6.4 6.3 6.3 7.0 6.8 6.9 13
50.8 s 50.9 1.9 1.8 1.8 9.4 10.3 9.8 10.6 11.6 ti.1 14
51.0 51.2 5.1 2.1 2.3 2.2 8.3 10.5 9.4 8.4 11.3 9.8 15
50.6 50.9 50.7 1.6 2.3 1.9 8.6 8.9 8.8 9.3 9.3 9.3 16
50.6 5t.1 50.8 1.9 1.5 1.7 7.9 7.9 7.9 8.5 8.5 8.5 17
50.7 5t 5.9 1.3 1.0 1.1 4.6 4.1 4.4 6.1 5.0 5.6 18
50.9 51.1 51.0 2.8 1.4 21 9.9 10.8 10.3 11.4 11.4 11.4 19
51.0 51.2 St 1.1 1.1 1.1 5.9 7.1 6.5 7.8 7.9 7.8 20
51.0 50.7 50.9 1.0 1.0 1.0 3.8 3.8 3.8 4.5 5.1 4.8 n
51.0 50.7 50.9 1.1 1 1 6.1 5.6 5.9 6.5 6.0 6.3 22

TABLE XLIV-—Continued
End-Load Compression, 1b.
Max. I.oad Sustained in Deflection Range
Deflection at Max,

0-0.25 in, 0-0.50 in, 0-0.75 in. Max. Load Sustained Lead, in, CRB{:’

ombi-

Front Back Average Front Back Average Front Back Average  Front Back Average Front Back Average  nation
539 392 466 633 633 634 633 635 634 633 _ 635 634 .30 0.42 0.36 1
540 443 ELH 640 616 628 640 616 628 640 616 628 0.29 0.35 0.32 2
470 413 441 306 539 523 506 539 523 506 539 523 0,26 0.3 0.29 3
180 458 474 609 574 592 609 574 592 609 574 592 0.30 0.34 0.32 4
379, 361 370 442 405 423 442 405 423 442 405 423 0.30 0.27 0.29 5
490 357 423 691 531 611 691 537 614 691 537 614 0.33 0.39 0.36 6
431 406 418 471 468 469 471 468 469 471 468 469 0.25 0.31 0,28 7
527 433 480 621 619 620 621 619 620 621 619 620 0.29 0.38 0.34 8
564 416 490 636 593 614 636 593 614 636 593 614 0.27 0.36 0.31 9
594 454 519 682 614 646 682 614 646 682 614 646 .29 0.33 0.3 10
563 401 527 676 639 668 676 661 669 676 661 669 - 0.29 0.38 0.33 11
466 399 433 - 644 604 624 644 604 624 644 604 624 0.32 0.35 0.34 12
441 351 396 515 442 478 515 442 478 515 42 . 478 0.29 0.34 0.3t 13
515 483 499 681 631 656 681 631 656 681 631 656 G.31 4 .34 .33 14
511 411 461 603 601 602 603 601 602 603 601 602 0.28 035 0,32 5
543 AG6 505 677 630 653 677 630 653 677 630 653 0.31 0.39 0.35 16
428 380 408 469 449 459 469 449 459 469 449 459 0.25 0,32 0.28 17
389 333 371 416 383 399 416 383 399 416 383 399 0.24 0.26 0.25 18
440 163 452 638 670 6R2 688 676 682 688 676 682 0.36 0.39 0.38 19
441 334 388 463 359 411 463 359 411 463 359 411 0.26 0.26 0.26 20
379 328 353 393 329 361 393 329 361 393 329 361 0.25 0.22 0.24 21
508 471 489 622 594 608 622 594 608 622 594 608 0.30 .33 0.31 22
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Run
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CouMPARISON OF FRONT AND BACK SAMPLES

TABLE XLV
PHYSICAL CHARACTERISTICS OF COMBINED BOARD

Note: Averages based on totals,

Basis Weight Bursting Strength, G. E. Puncture, G. L. Stiffness, Pin Adhesion, H. and D. Flat
Roll (12 x 12/1000), Ib. points — units . uhnits . Ib. - Crush, lb./sq: in.
Combi-
nation Aver- Aver- Aver- Aver- Aver- Aver-
IP.C.  Front Back age Front Back age Front Back age Front Back age Front Back age Front Back age
4-7-1 122 120 121 237 241 239 220 214 217 93 93 93 269 N1 28.0 28,2 23.1
4-8-1 123 121 122 236 244 240 230 222 226 97 94 96 69 65 67 4.3 3.0 34.2
5-9-1 121 118 120 237 239 218 231 220 225 90 90 90 60 63 61 35.5 32.3 33.8
5-10-2 119 121 120 232 246 239 196 210 203 B3y 8% 86 O _71__M__ 264_24.7 255
5-11-2- —119- -120- 120 232 -232- 232~ AT4T165169 T 70T 67 68 69 70 15.0 13.5 14.5
5-12-2 120 120 120 228 240 234 212 203 207 9 79 85 72 72, 72 25.0 229 4.0
6-13-3 122 118 120 226 213 220 203 184 194 81 74 77 69, 56 62._.23.6 23.9 23.8_
(6-14-3 - C123 0 121 122 C 236 C224 230 T 22677023 224 97 91 o4 3 T n 24.2 361 30.1
15-39-16 120 122 171 232 237 235 221 221 221 91 87 89 72 74 713 27.2 25,2 26.3
17-39-18 124 121 123 241 253 247 219 233 226 9% 87 o2 6 79 718 24.8 259 254
19-39-20 123 124 124 235 236 236 227 229 228 97 98 97 w73 18 25.5 26.1 25.8
214022 125 123 124 244 251 248 239 227 233 91 83 87 1507 0.0 269 28.4
23-40-24 117 117 117 184 186 185 192 189 191 8 72 718 3000 N 27.8 24.6 26.2
254126 124 125 125 240 246 243 235 231 233 91 92 92 8 77 718 30.7 30.9 30.8
274128 124 124 124 233 238 235 239 232 236 97 93 95 2 67 69 33.8 31.7 32.%
29-41-30 123 123 123 246 240 243 222 220 221 99 92 96 72 MmN 31.0 309 31.0
314232 120 120 120 216 211 214 211 196 204 57 I3 60 13 N 21.6 16,9 19.2
334234 120 119 120 221 213 217 183 169 176 72 69 70 8 72 75 16.1 16.5 16.2
3543-36 125 125 125 252 10 246 237 239 238 106 103 105 %5 073 04 30.1 35.9 33.0
35-44-36 122 121 122 247 233 240 185 169 177 72 63 67 6 71 70 16.4 17.6 17.0
37-44-38 123 124 124 236 152 194 146 152 149 65 65 65 63 65 o4 15,9 15.3 15.7
"37-43-38 128 131 130 167 170 168 211 218 215 95 97 96 65 69 67 36.2 35.2 35.7
) TABLE XLVI
PHYSICAL CHARACTERISTICS OF COMBINED BOARD
ConparisoN OF RESULTS OBTAINED Ox SAMPLES TAKEN FROM Boxes wiTH RESULTS OBTAINED 0N FLAT STOCK
Basis Bursting Strength,  G. E. Puncture, G. E. Stiffness, H. and D. Flat
Weight Caliper, points points units units Crush, Ib. /sq. in.
Roll (12 x 12/ '
Combina- 1000), Box Flat Box Flat Box Flat Box Flat Box Flat
tion ib. Samples  Stock Samples Stock Samples Stock Samples Stock Samples Stock
4-7-1 b3l 105.2 115.9 - 239 240 217 217 93 91 28.1 28.7
4-8-1 122 110.9 116.4 240 233 226 219 96 94 34.2 32.2
5-9.1 120 136.2 104.6 238 245 ° 225 221 90 71 33.8 22.7
5-10-2 120 112.2 1151 239 243 203 203 86 86 25.5 25.2
5-11-2 120 96.8 109.7 232 242 169 177 68 66 14.5 15.9
5-12-2 120 110.3 112.3 234 237 207 210 83 85 24.0 28.0
6-13-3 120 106.6  111.6 220 226 194 197 77 73 23,8  21.2
6-14-3 122 107 .4 112.3 230 231 224 225 94 86 30.1 27.6
15-39-16 121 108.6 114.0 233 230 221 224 89 85 26.3 24.5
17-39-18 123 113.6 116.0 247 253 226 226 92 92 25.4 26.5
19-39-20 124 109.5 116.5 236 224 228 236 97 93 25.8 25.6
21-40-22 124 113.7 111.1 248 251 233 218 87 74 28.4 23.6
23-40-24 nr 108.7 107.2 185 192 191 190 78 70 26.2 23.4
25-41-26 125 115.1 115.6 233 248 233 228 92 %0 30.8 31.0
27.41-28 124 116.1 116.9 235 230 236 240 95 94 32.7 280
29-41.30 123 115.2 116.1 243 228 221 213 96 87 31.0 29.0
31-42-32 120 105.2 113.3 214 13 204 213 73 78 19.2 20.7
33-42-34 120 98.0 99.7 217 223 176 177 70 58 16.2 14.6
35-43-36 125 115.1 114 .4 246 247 238 234 105 93 33.0 31.9
35-44-36 122 100.9 104.6 240 243 177 183 67 61 17.0 15.3
37-44-38 124 103.8 106.6 194 144 149 157 65 59 15.7 13.8
374338 130 116.5 119.2 168 157 215 216 96 101 35.7 36.6




TABLE XLVII
PHYSICAL CHARACTERISTICS OF COMPONENT MATERIALS

Single-Face Liner

Basis . Amthor
- - - Weight . . - G.E. Ring Compres- Elmendor Amthor Tensile, Strewch,
Run Institute LP.C. {12x12 Bursting Punc- sion, lb. Tear, g./sheet Ib./in. width ’ a,
Combi- File Roil Mill Place /1000), Caliper, Strength, ture,
pation Number No. Code Sampled Ih. points  points units In Across In  Across In Across . In  Across
1 119638/40 4 A-24  Start 43 .4 15.0 a3 39 26,0 223 337 397 7.0 364 1.9 2.9
119641 /42 Middle —_ — — — — — —-— — . — — —
119643 /44 End 41,4 15.2 85 —_— 2800 213 314 365 729 373 1.6 2.6
. . Average 42.9 15.1 87 39 26.3 220 331 389 76,0  36.0 1.8 2.8
2 119643744 4 A-24  Start 41.4 15.2 85 — 28.0  21.3 34 365 72.9 37.3 1.6 2.6
119660/61 Middle 41.2 15.3 93 — 299 219 329 383 75.6 363 1.7 2,7
119662 /64 End 42,5 15.1 87 37 255  22.2 3 396 76.2  38.3 1.7 2.7
- Tt - Average “41.9- °15.2 88 -37 ~-274 21,9 -322 38 - 75.4-.-37.5 1.7 -2.9
3 119677/79 5  A-2T  Start 39.5 14.4 87 35° 32,7 248 335 390 76.1 37.4 1.8 2.7
119680/81 Middle 40.0 14.3 92 — 293 250 328 3 76.2  37.8 1.9 3.1
119682/83 End 39.9 14.3 90 — 30.6  22.t 302 372 77.6  36.7 2.2 2.9
Average 39.8 14.4 89 35 31.1 4.1 324 386 6.5 37.3 2.0 2.9
4  119682/83 5 A-27  Start 39.9 14.3 90 - 30.6 221 302 302 M6 36.7 2.2 2.9
119697 /98 Middle 40.2 4.5 95 — 28.2 23.0 328 390 1.7 37.5 2.1 3.1
119699/70 . End No — —_ — - — — - — — _ -
Sample :
Average 40.1 14 .4 93 — 294 22,5 315 381 74.7 31 2.2 3.0
Corrugating Medium
Basis Amthor
Weight G.E. Ring Compres- Elmendorf Amthor Tensile, Stretch,
Run  Institute LP.C. (12x12 Bursting Punc- sion, Ib. Tear, g./sheet Ib. /in. width %
Combi- File Roll Mill  1000), Caliper, Strength, ture,
nation Number No. Code 1b. points  points  units In'  Across In  Across: In  Across In  Across
1 119654 /47 7 Ww-8 25.7 9.2 60 19 17.4 11.8 182 266 55.9 21.0 1.6 3.0
119648/49 — — — — — — — — — — — —
119650/52 26.2 9.2 61 19 18.5 12,0 213 272 57.3 222 1.7 3.1
26.0 9.2 6l 19 17.9 11.9 195 268 56.6 21.6 1.7 3.1
2 119665/57 8 U-8 26.4 10.1 61 19 18.7 13.2 200 241 559 249 1.8 4.1
119668 /69 — — — - — — — — -, - —— —
119670/72 25.4 10.1 61 17 17.7 13.0 197 235 50.4 23.6 1.8 4.2
25.9 10.1 61 i8 18.2 13.1 198 238 53.2 4.3 1.8 4.2
3 119684 /86 9 Z-8 26 4 9.0 71 19 20.0 15.5 220 242 56.8 32.3 1.8 4.6
119687 /88 26.1 8.7 77 - 22.2 16.8 210 233 52.2 3.1 2.2 4.9
119689 /91 26.5 9.0 78 20 17.0 15.4 217 245 59.8 32.5 2.1 4.7
26.4 8.9 75 20 19.4 15.8 216 241 56.8 32.8 2.0 4.7
4 119701 /03 10 T9 26.1 10.0 57 20 17.8 14.1 215 234 47,2 23.8 1.5 31
119704 /05 ’ 26 0 2.9 58 — 16.6 13.3 209 234 48.5 240 1.8 3.5
119706/08 26.1 10,0 56 20 16.1 12.2 200 237 46,2 23.8 1.4 3.0
26.1  10.0 57 20 16.9 13.2 211 235 47.1 23.8 1.5 3.2
Double-Face Liner
Basis Amthor
Weight G. E. Ring Compres- Elmendorf Amthor Iensile, Stretch,
Run  Institute LP.C. (12x12 Bursting  Punc- sion, lb, tear, g./sheet Ib./in. width %
Combi- File Roll Mill  /1000), Caliper, Strength, ture,
nation Number No. Code Ib. points  points  units In Across In  Across In  Across In  Across
1 119653 /55 1 A8 4105 15.4 o1 36 31.4 23.7 327 30 85.1 33.9 1.9 29
119656/57 41.2 15.2 87 — 28.4 . 239 362 403 82.8 40.2 2.3 4.7
119658/59 — — — — — — — — - — — —
41.4 15.4 90 36 30.7 23.8 336 I 8.5 369 20 34
2 119658/59 1 A-18 — — — — — — — — — — — —
119673/74 1.1 15.1 97 — 31.8 22.3 381 402 78.4  38.9 1.7 3.5
119675/76 42.2 15.2 98 —_ 30.5 24.4 337 303 83.9 38.0 2.0 3.4
. 41.7 15.2 98 o 31.1 23.3 350 397 81.1 38.5 1.8 3.5
3 119675/76 1 A-18 422 15.2 o8 —_ 30.5 244 337 393 83.9 38.0 20 34
119692/93 42.3 15.3 b)) — 35.8 240 sz 407 86.3  38.0 2.1 3.4
119694/96 42 4 15.5 93 39 20.5 22.3 358 416 87.6  36.1 1.9 2.9
42.3 15.3 08 39 31.5 23.4 350 407 86.2  37.2 2.0 3.2
4 119709/11 2 H-6 41.7 15.9 108 38 31.3 24.0 337 376 82.1 41.6 2.1 3.2
119712/13 41.1 15.9 105 — 30.2 24.5 326 379 84.1 38.8 2.5 3.5
119714/15 — — — — — — — —_ — - — —
1.6 15.9 107 38 31.0 24 34 3N 82.6 409 2.2 3.3

L -
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"Run Institute L.P.C.

Combi-
nation

5

Run
Combi-
nation

5

Run
Combi-
nation

File
Number

119699/70
119716/17
119718/19

119718/19

119732/33

119734/36

119750/52
119753/54
119755/56

119755756
119772/73
119774/76

Institute
File
Number

119720/22

119723/24
119725727

119737/39

119740/41

119742/44

119757/59
119760761
119762 /64

119777779
119780/81
119782/84

Institute
File
Number

119714/15

119728/29
119730/31

119730/31
119745/46
119747 /49

119765/67
119768/69
119770/71

119770/71
119785/86
119787/89

Roll
No.

TABLE XLVII—Conlinued
PHYSICAL CHARACTERISTICS OF COMPONENT MATERIALS

Single-Face Liner

72

30.7

Basis Amthor
- Weight T 7, "'G.E. RingCompres- Elmendorf  Amthor Tensile, ™ "~ Stretch,
(12x 12 Bursting Punc- sion, 1b. Tear, g./sheet Ib./in. width o
Mill Place /1000), Caliper, Strength, ture, —=
Code Sampled Ib. points  points  units Across In  Across In Across In  Across
5 A27 Start — — — — — — — —_ — —_— — —_
Middle 40.4 14.5 93 — 29.5 22.8 328 356 75.2 37.9 2.1 3.0
End -~ 40.7 14.4 94 — 28.8 23.1 318 313 5.1 36.5 2.2 2.9
_ Average 40.6 14,5 _94 29.2. 0229 _ 323, 364 .75.2 . 37.2 -2.1---2.9
5 A27  Start 40.7 4.4 94 — 28.8 231 318 373 5.1 36.5 2.2 29
Middle 41.2 14.3 99 — 32.3 24.7 339 374 75.3 37.6 2.0 2.9
. End 404 147 . — _ 34. 29.4. .23.0 329 381. -75.2 35.4 2.1---3.0
Avérage 40.7 4.5 96 34 30,3  23.6 329 377 5.2 36.3 2.1 3.0
6 A28 Start 39.8 14.2 86 36 29.4 23.0 338 380 73.1 37.4 2.0 3.1
Middle 40.1 14.6 94 — 205 22,4 328 401 72.4 381 2,0 3.2
End 399 146 92 — 28.9 23.9 339 388 808 38.1 24 31
Average 39.9 14.4 89 36 29.3 23.1 335 388 75.1 37.8 2.1 3.1
6 A28  Start 399 14.6 92 — 2809 239 339 388 80.8 33.1 24 3.t
Middle 39.7 14.1 88 — 26.7 17.9 344 378 74.6 37.2 1.7 2.8
End 406.0 14.5 88 35 24.7 241 an 363 75.6 38.3 1.8 3.1
Average 39.9 14,4 89 35 264 223 329 314 6.8 379 2.0 3.0
Corrugating Medium
Basis Amthor
Weight G. E. Ring Compres- Elmendorf Amthor Tensile, Stretch,
1P.C, (12x12 Bursting Tunc- sion, 1b. Tear, g./sheet Ib. /in. width %
Roll Mill  /1000), Caliper, Strength, ‘ture,
No.  Code Ib. points  points  wunits In  Across In  Across In  Across In  Across
1 V-7 26.2 10.6 K1 10 12.3 0.8 108 11 30.1 17.7 0.9 1.9
26,5 10.2 27 — 13.5 10.6 107 134 30.9 18.4 1.1 2.1
26.0 10.6 33 8 13.3 10.3 112 121 2.5 17.6 1.2 2.3
26.2 16.5 31 9 13.0 10.2 109 1 30.1 17.8 1.0 2.1
12 X-2 26.8 9.5 59 19 19.2 15.1 227 254 51.4 25.2 2.0 -39
27.4 9.3 60 — 22,1 15.3 235 266 52.9 24.0 2.3 4.3
27.2 9.7 56 20 18.0 13.0 253 260 50.3 25.6 1.8 4.0
27.1 9.5 58 19 19.5 14.4 239 259 51.3 25.1 20 41
13 Y-9 26.1 8.7 49 15 20.7 14.4 167 192 47.8 22.0 1.9 3.1
25.9 8.8 53 — 17.9 12.8 160 209 47.7 22.4 1.9 3.5
25.9 8.8 50 15 17.3 12.6 167 192 48.4 22.3 2.0 3.5
26.0 3.8 50 15 18.7 13.3 165 196 48.0 22.2 1.9 3.3
14 §8-6 26.5 9.8 5t 21 18.5 15.8 263 251 50.0 31.9 1.6 4.9
26.7 10.0 56 - 20.4 15.3 257 251 46.7 31.8 1.2 4.8
26.3 9.8 54 21 18.9 16.0 255 259 48.0 30.4 1.5 4.4
26.5 9.9 53 21 19.1 15.7 259 254 48 .4 31.3 1.5 4.7
Double-Face Liner
Basis Amthor
Weight G.E.  Ring Compres- Elmendorf Amthor Tensile, Stretch,
LP.C. (12x12 Bursting Pune- sion, ib, Tear, g./sheet ib./in. width %
Rall Mill  /1000), Caliper, Strength, ture,
No. Code lb. points  poinls  units In Across In  Across In Across In  Across
2 H-6 No — — — — - — - — —_ — —
Sample .
42.1 16.2 103 — 34.5 26.4 338 394 9.8 38.5 2.4 3.1
41.6 16.3 105 — 36.7 25.8 258 394 342 31.8 2.5 3.3
41.9 16.2 104 — 35.6 26.1 248 394 82.0 38.2 2.5 3.2
2 H-6 41.6 16.3 105 — 36.7 25.8 358 394 84.2 37.8 2.5 3.3
41.0 15.9 101 —- 34.1 25.8 . 338 386 841 39.8 2.5 3.7
42,7 16.2 100 38 32.1 25.6 343 404 81.7 39.4 2.1 3.4
41.9 i6.1 101 38 34.0 25.7 346 396 831 39.0 2.3 3.5
3 B-3 4.1 16.4 86 38 9.4 21.8 363 425 82.6 36.4 1.8 3.3
43.0 16.3 91 — 29.2 20.9 339 390 85.7 36.6 2.3 3.2
42.9 16.2 86 — 27.1 19.3 342 369 79.8 359 2.1 3.2
43.4 16.3 87 38 28.7 20.8 350 399 82.7 36.3 2.0 3.2
3 B-3 42,9 16.2 86 — 27.1 19.3 3 369 79.8 35.9 21 3.2
43.4 16.3 90 e 34.6 23.2 334 369 80.3 36.7 20 3.1
43.7 15.7 08 38 30.4 23.0 322 385 82.3 36.2 2.3 3.3
43.4 16.0 923 38 22.3 331 376 81.0 36.3 2.2 3.2




Institute LP.C,
File Roll
nation Number

119790/92 15
119793/94
119795/977

19813/15 17
119816/17

No.

119818/20-~ —

119833/35 19

119836/37
119838/40

119854756 21
119857 /58
119859/61

Institute  T.P.C.

File
Number

119798/800
119801/02
119303/04

119803/04
119821722
119823724

119823/24
119841742
119843745

110862/64
110865 /66
110867 /68

N

Roll
No.

39

39

39

Institute ILP.C.

File
Number

119805 /07
119808/09
119810712

119825/27
119828/ 20
119830732

119846/48
119849/50
119851/53

119869/71
119872773
119874/76

20

Roll
No.

16

. Basis . . e .
Weight G.E. Ring Compres-
{(12x12 Rursting Pune- sion, b,
Mill Place /1000), Caliper, Strength, ture,
Code Sampled | points  points  units In  Across
A-7 Start 40.2 13.6 90 35 . 295 26.0
Middle 40.7 14.0 93 — 30.5 23.6
End 40.1 13.8 93 35 208  23.4
Average 40:3 - 13.8 492 35 ——29.9 24.4
H-11 Start 42.1 15.7 29 38 29.6 23.5
Middle 42.0 15.9 99 — 31.2 24.0
End -~ -~ 42;4 154 - 98 " 38— 128.0 24.6
- Average 42.2 15.6 99 38 294 240
B-13  Start 42.6 15.5 93 37 304 233
Middle 43.1 15.6 96 _— 33.4 26.6
End © 441 5.9 o9 40 29.0 249
Average 43.3 15.7 9 38 30.6 247
I-10 Start 43.1 14.9 104 41 27.9 21.7
Middle 42.8 14.8 98 — 32.4 2.0
End 43.4 14.9 105 42 27.6 20.8
Average 43.1 14.9 104 . 42 28,4 212
Corrugating Medium
RBasis
Weight G. E. Ring Compres-
(12x12 Bursting Punc- sion, lb.
Mill /1000, Caliper, Strength, ture,
Code Ib. points  points  units In Across
U-15 27.6 111 21 18.2 14.0
28.6 11.3 — 20.6 14.5
27.9 11.0 — 20.1 15.8
/28,0 11.1 21 19.4 14.6
U-15 27.9 11.0 - 20.1 15.8
27.6 11.¢ -— 2.5 14.0
28.0 10.9 — 19.5 15.3
21.8 1.0 —_ 20.3 15.0
U-15 28.0 10.9 — 19.5 15.3
279 11.0 — 20.3 16.9
27.7 10.9 21 17.7 13.8
27.8 10.9 21 18.9 15.1
X-1 27.0 9.2 19 16.0 1.8
. 26.0 9.1 — 19.0 15.0
26.8 9.3 —_ 22.8 13.0
26.8 9.2 19 18.2 13.0
Double-Face Liner
Basis
Weight G. L. Ring Compres-
(12x12 Bursting  unce sion, lb.
Mill  /1000), Caliper, Strength, ture,
Code Ib. points  points  units In Across
A-22 39.5 14.9 35 28.2 21.6
41.2 15.1 — 218 22.5
41.3 14.8 37 27.3 23.0
40.6 14.9 35 27.8 22.4
H-8 42.2 15.0 37 28.2 23.0
42.0 15.6 — 32.3 24.4
42.5 15.2 38 26.9 25.1
42.3 15.2 38 28.8 24.1
B-1 41.4 16.3 . 80 36 27.0 21.9
41.9 15.9 — 34.4 25.0
42.2 16.0 36 25.6 22.4
41.8 16.1 36 28.3 22.8
I-12 43.8 15.4 49 28.9 24.7
43.7 15.4 101 —_ 3.9 23.9
43.9 15.0 50 27.0 23.6
43.8 15.2 50 28.9 24.1

TABLE XLVII—Continued

PHYSICAL CHARACTERISTICS OF COMPONENT MATERIALS

Single-Face Liner

Flmendor{ Amthm: Tensile,

Tear, g./sheet Ib./in. width

- Amthor
Stretch,
Te

In  Across
315 362
326 367
316 n
318 - - 367
369 420
354 410
415 43
382 422
366 436
328 396
379 449
361 431
375 454
359 447
313 452
371 452
Elmendorf

Tear, g./sheet

Troti e RN =
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i
.
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[T NENEN

wwmOR Ot~ SHoem

R [ =N
N N T JOR SN Y
WD E Oowm—

Across

"
—-—o o

Amthor
Stretch,

In  Across
240 278
244 295
249 276
243 282
249 276
231 279
252 288
244 281
252 288
233 263
245 293
244 283
216 261
203 244
222 245
214+ 252
Elmendorf

Tear, g./sheet

In Across
76.4 38.4
4.4 39.5
71.2 389
- 76.2  -38.8-
76.7 40.3
13.4 40.4
75.5 ~40.0
75.4 40.2
£83.3 39.3
88.2 41,5
88.8 40.8
86.6 40.4
84.1 36.9
83.3 36.1
g87.4 36.2
85.1 36.4
Amthor Tensile,
1b./in. width
In Across
51.7 25.3
62.0 25.3
55.9 26.8
55.8 25.7
55.9 26.8
55.5 25.2
58.5 28.3
56.6 26.8
58.5 28.3
54.1 26.9
57.1 25.8
56.7 26.8
54.0 24.0
53.1 22.1
53.4 22.5
53.6 23.1

Amthor Tensile,

Ib./in, width

b b b

e
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Across
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Amthor
Stretch,

73

In

282
203
326
301

382
361
365
370

371
307
333
341

435
386
305
408

Across

342
370
375
361

430
399
409
415

416
366
317
400

452
425
435
439

In

72.3
74.8
76.5
74.5

80.9
83.0
79.0
80.7

84,0
85.7
80.0
82.9

79.8
81.2
79.0
79.8

ACross

35.3
36.5
36,2
35.9

41.4
40.1
41.8
41.2

34.5
37.1
36.4
35.9

37.2
37.0
38.4
37.6

e
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Run
Combi-
nation

13

16
17
Run

Combi-
nation

13
14

15

17

Run
Combi-
natjon

13
14
15
T 16

17

TABLE XLVII—Continued

PHYSICAL CHARACTERISTICS OF COMPONENT MATERIALS

Single-Face Liner

Basis R .. . ._ Amthor
- o ™ Weiglit 77" GIE, Ring Comprés-  Ehmendorf Amthor Tensile, Stretch,
Institute I.P.C. (12x12 " Bursting Punc- sion, lb. Tear, g./sheet 1b./in. width 9
File Roll Mill Place /1000), Caliper, Strength, ture,

Number No. Code Sampled b, points  points  units In Acrass In  Across In Across In  Across
119877/79 23 F-S§ Start 385 12.9 81 37 240 212 299 326 65.6  35.1 1.2 2.9
119880/81 Middle 41.8 12.8 82 — 27.8 23.7 306 333 73.5 36.4 2.4 3.3
119882 /84 End 41.2 12.8 82 35 24.6 21.4 n 343 68.0 35.2 1.8 2.8

Average 40.3 12.9 81 36 31 2719 305 33 684 355 1.7 2.9

119898/900 25 (C-10 Start 42.7 14,5 93 38 31.5 18.8 346 433 01.0 36.9 1.5 3.6
119901 /02 Middle 40.9 14.4 . 95 — 30.2 20,4 331 401 9.7 36.8 1.3 3.9
119903 /05 End —_ — — —_ —_ - _ — —_ -— — —
—_ - -« Average--42.0 14.5 - - 94- . 38 31.0 -194 - 340 420 - 86.5 36.8 1.4 3.7
1!0921/23 27 D20 Start 40.6 14.5 90 36 29.0 22,8 372 382 7.7 420 21 3.9
19924725~ Middle 41 .4 15.1 100 — 30.7 21.8 363 375 75.0 41.5 2.2 3.8
119926/28 End 41.1 14.9 87 37 25.1 22.6 381 382 68.0 44 .4 2.0 4.0
Average 41.0 14.8 90 37 28.0 22.4 372 380 71.1 42.8 2,1 3.9

119941 /43 29 E-5 Start 42.5 15.9 85 35 29.0 20,2 347 MR 87.2 33.6 1.7 3.5
119944 /45 Middle 43.0 16.1 82 — 28.1 19.5 290 358 . B4.0 33.5 1.6 3.1
119946,/48 End 42.4 16.0 83 34 28.6 ., 20.3 3i4 388 77.7 33.4 1.5 3.4
Average 42.6 16.0 84 35 28,6 20.1 320 N 83.0 33.5 1.6 3.4

119962/64 31 G-12 Start 41.2 15.5 78 39 23.5 17.5 368 389 66.5 371.5 1.4 3.3
119965/66 Middle 41.0 15,6 79 — 28.3 20.8 340 366 67.3 37.6 1.4 3.5
119967/69 End 40.8 15.3 43 38 27.5 22.5 370 382 69,9 38.9 1.5 3.3
Average 41.0 15.5 30 38 26.2 20.2 362 s 63.0 38.2 1.4 3.3

Corrugating Medium
Basis Amthor
. Weight G. E. Ring Compres- Elmendort Amthor Tensile, Stretch,
Institute  LP.C. (12x12 Bursting Punc- sian, Ib. Tear, g./sheet Ib./in. width %
File Roll Mill  /1000), Caliper, Strength, ture,
Number No. Code Ib. points  points  units In Across In  Across In Across In  Across

119867 /63 40 X-1 26.8 . 9.3 61 — 22.8 13.0 222 245 53.4 22.5 2.1 4.3

119885/86 25.9 9.1 61 — 21.3 15.0 240 257 50.0 22.7 2.0 3.8

119887/8% 26.1 9.2 64 17 20,3 14.4 220 247 30.1 24.1 1.8 4.3

26.2 9.2 63 17 21.0 14 .4 226 250 50.6 23.4 1.9 4.1

119906 /08 41 U-20 27.2 11.3 60 17 21.7 13.2 227 261 55.2 23.1 1.9 3.9

119908/10 * 27.3 1.4 65 — 21.6 13.7 220 279 57.8 24.7 2.4 4.1

119911/12 26.6 11.1 62 — 19.1 13.6 231 268 58.7 22.2 2.3 4.0

271 11.3 62 17 21.2 13.5 226 268 §57.0 23.3 2.2 4,0

119911 /12 41 U-20 26.6 {1.1 62 — 19.1 13.6 231 268 58.7 22.2 2.3 4.0

119929/30 27.2 11.7 77 — . 18.5 15.0 222 277 53.9 24.5 2.1 4.4

119931/32 27.1 11.3 62 — 18.9 13.3 211 279 52.1 23.2 2.2 4.4

27.0 11.4 67 — 18.8 14.0 221 275 54.9 23.3 2.2 4.3

119931/32 41 U-20 27.1 11.3 62 — 18.9 13.3 211 279 521 23.2 2.2 4.4

119949/50 27.0 11,2 61 —_ 19.1 13.0 239 273 51.4 22,4 1.8 4.1

119951/53 27.5 11.6 64 19 17.1 13.0 235 281 33.4 24,3 1.9 4.4

27.2 11.4 63 19 18.2 13.1 229 278 52.4 23.4 2.0 4.3

119970/72 42 Y-6 26.2 9.3 62 16 19.6 14.7 208 249 53.6 4.7 1.7 3.1

119973 /74 26.1 9.4 61 — 18.7 13.4 220 233 52.7 23.7 1.9 2.7

119975/76 25.6 9.2 65 — 19.3 14.1 108 244 50.5 24.2 1.8 3.0

260 9.3 62 16 19.2 14.1 208 249 52.4 24.3 1.8 2.9
Double-Face Liner
Basis Amthor
« Weight G. E. Ring Compres- Elmendorf Amthor Tensile, Stretch,
Institute LE.C. (12x12 Bursting Punc- sion, Ib. Tear, g./sheet Ib /in. width %
File Roll Mill  /1000), Caliper, Strength, ture,
Number . No, Code Ib. points  points  units In Across In  Across In Across In  Across

119890/92 24 F-¢ 39.5 12.8 T 29 22.7 19.2 287 319 62.6 32.8 1.8 2.6

119893 /94 40.0 12.5 79 —_ 26.7 22.3 267 306 61.8 33.3 1.5 2.4

119895/97 324 12.4 18 26 26.2 21.3 262 313 66.2 33.4 2.1 2.9

39.6 12.6 78 28 25.0 20.8 2713 313 63.7 33.1 1.8 2.7

119913/15 26 c9 41.9 14.7 90 39 29,4 19.7 330 109 83.9 36.0 1.7 3.9

119916/17 41.5 14.9 93 —_ 28.4 19.9 334 381 87.8 36.3 1.9 3.9

119918/20 42.4 14.5 97 41 30.0 21.1 332 447 836 36.6 1.7 3.9

42.0 14.7 94 40 29.4 20.3 332 416 84.8 36.3 1.8 3.9

119933/35 28 D.5 44.3 16.3 89 42 26.3 20.8 385 462 70.1 40.3 1.8 2.7

119936/37 44.0 16.2 04 _ 28.4 20.9 382 423 70.5 42.0 1.9 2.9

119938/40 44.2 16.3 92 42 24,3 20.7 418 454 72.2 42.2 1.6 2.9

4.2 16.3 91 42 26.1 20.8 397 449 71.0 41.4 1.7 2.8

119954 /56 30 E-3 41.4 14.5 9 33 25.9 18.9 310 355 73.2 3.1 1.6 3.5

119957/58 42.9 13.8 93 — 24 .8 19.0 322 362 82.0 35.4 1.8 3.9

119959/61 41.8 14.1 -85 34 25.4 19.5 291 349 77.6 34.5 1.6 3.5

41.9 14,1 85 34 25.4 14.2 306 355 77.8 3.6 i.6 3.6

119977 /79 32 G-1 42.3 15.1 84 38 26.9 21.8 355 399 75.8 41.3 1.5 2.8

119980/81 43.2 14.8 86 — 27.2 21.8 382 432 75.8 42 .4 1.6 3.0

119982/84 42.5 14.9 88 40 27.4 21.3 352 386 74.8 42.5 1.7 2.9

42.6 15.0 86 39 27.2 21.6 361 402 75.4 42.0 1.6 2.9




Combi-
nation

18
TTTT19
20

21
22
Run

Combi-
nation

18

19

20

21

22

Run

Combi-
nation

18

19

20

21

22

TABLE XLVII—Continned
PHYSICAL CHARACTERISTICS OF COMPGNENT MATERIALS

Single-Face Linet

_ Basis . . - oo - - ~Amthor

o oo Weight G. E. Ring Compres- Elmendarf Amthor Tensile, Stretch,

Run  Institute LP.C {12x 12 Bursting Punc- sion, Ib Tear, g./sheet Ib.fin. width %

File Roll  Mill Place /1000)}, Caliper, Strength, ture,

Number No. Code Sampled Ib. points  points units  In Across In  Across In Across In  Across
119985/87 33 J-11  Start 410  15.1 86 3 204 239 206 354 6.6 35.7 20 29
119988/89 Middle 41.2 14.8 90 — 31,0 236 03 364 75.2  35.8 1.9 2.8
119990/92 End 4.6 151 38 33 31.5  23.8 313 391 78.0  37.3 1.3 2.2

Average 41,3 15.0 87 34 _30.6 _23.8.. 304 371 ._76.8. 36.3 - 1.7 2.6
120006/08° 35 C-3 Start 44.1- 14,0 100 35 3.3 25.2 365 395 77.5 42.8 20 3.6
120009710 Middle 43.3 14,0 97 — 35.0  25.9 387 384 75.5  45.3 1.5 4.3
1200t1/12 End 4.2 140 96 — 3.6 27.0 400 377 B1.8  #.6. 1.9 44
Lo . Average - -43.9  14.0 93-- 35  -32.4° 259 - 381 387 ° 78.2 T 44.1 1.8 4.0
120018112 35 (-3 Start 4.2 14,0 95 — e 270 400 - 317 81.8 .6 t.9 4.4
120028/29 Middle #4.3 14.0 9% — 32.8 27.2 380 380 87.1  43.1 2.1 4.5
120030/32 End 4.3 141 9% 36 333 16.7 314 4 4.0 449 2.1 4.5
Average 44.3 14,0 97 36 32.7 269 383 388 843  #4.3 2.0 4.5
120045/47 37 E-1 Start 43.9 16,9 53 29 2.4 16.9 260 273 529 291 1.2 2.4
120048 /49 Middle 44.4 17.1 57 — 21.2  17.5 208 282 50.7 299 1.0 2.8
120050/51 End 49 16.5 61 — 209 16.2 264 287 57.3  28.8 1.1 2.5
. Average 44.3  16.8 57 29 21,6 16.8 272 280 53.5 29.2 1.1 2.5
120050/51 37 E-1 . Start “4.9  16.5 61 — 2009  16.2 264 287 57.3 288 1.1 2.5
120064 /65 Middle 448  16.% 52 - 21.6 17.2 266 280 55.5  30.6 1.2 2.6
120066/68 End 49  16.6 59 3 219 17.3 265 280 53.3 299 1.2 2.4
Average 4.9  16.5 58 3l 21,5 16.9 265 282 55.1 29.8 1.2 2.5
NoTE: Averages based on totals,
Corrugating Medium
Basis Amthor
Weight G.E. Ring Compres- FElmendort Amthor Tensile, Stretch,
Institute LP.C. (12x12 Bursting Punc- sion, 1b. Tear, g./shect Ib.fin. width %
File Roll  Mill  /1000), Caliper, Strength, ture,

Number No. Code 1b, points points  units In Across In  Across In Across In  Across
119973/76 42 Y-6 25.6 9.2 65 — 19.3 14.1 198 244 50.5  24.2 1.8 3.0
119993 /94 26.0 9.3 64 — 18.5 13.2 197 25§ $3.7  23.9 1.9 2.7
119995/97 26.4 9.3 64 16 24.0 181 200 249 53.7  25.3 2.1 2.9

26.1 9.3 64 16 21.4  15.8 198 249 52.8  24.6 1.9 2.9

120013/15 43 Ut 215 110 73 16 2.0 16.8 233 257 53.1  26.9 1.9 4.3

120016/17 272 11.0 69 — 19.5 13.5 216 260 53.2 4.0 2.2 4.5

120018/20 276 11.2 68 17 22.3 169 L2280 246 53.6 27.0 2.1 4.2

27.5  11.1 70 17 21.5  16.0 27 254 53.3  26.4 20 4.3

120033735 44 Y-10  25.0 9.1 52 15 15.9  12.3 180 218 43.8 226 1.9 29

120036/37 24.8 9.2 51 — 17.6 119 169 199 453 1.8 1.7 2.6

120038/39 24.7 9.1 52 — 18.7  11.3 180 200 4.6 22,0 19 2.9

24.9 9.1 52 13 7.2 119 177 208 445 2.2 1.8 2.8

120038/39 44 Y10 2.7 9.1 52 — 18.7 11.3 180 200 4.6 220 1.9 2.9

120032/53 25.6 9.3 5t — 2.1 153 179 203 45.2  21.5 1.7 2.4

120054756 21.3 89 49 13 179 11.3 172 201 4.7 21.0 10 29

24.8 9.1 50 13 9.0 12.4 176 202 45.7 21.4 1.8 2.8

120018/20 43 U1t 276 1.2 68 17 22.3 16,9 228 26 53.6 27.0 2.1 4.2

120069/70 27,5 109 76 - 19.8  14.2 226 249 549  25.5 2.0 4.6

120071 /73 277 111 68 19 22.4  15.6 220 264 542 27.0 1.4 4.2

27.6  11.1 70 18 2.7 157 228 254 54.1 26.6 1.8 4.3
Doube-Face Liner
Basis Amthor
Weight G.E.  Ring Compres- Elmendorf Amthar Tensile, Stretch,
Institute IP.C. (12x12 Bursting Punc- sion, lb. Tear, g./sheet 1b./in. width o
File Roll Mill  /1000) Caliper, Strength, ture,

Number No. Code Ib. points  points  units In Across In  Across In Across In  Across
119998/120000 34 J-3 41.9 151 86 31 31.7  25.1 21 3 75.9  39.0 1.0 2.6
120001/02 2.1 151 87 -- 30.9 243 316 358 76.8 38.4 2.0 2.3
12000305 41.8  15.3 94 3 3.5 25.7 204 364 77.2  38.5 1.6 2.0

41.9  15.2 90 3 31.4 251 310 364 76.6  38.7 1.5 2.3

120021723 36 H-14  41.5  15.4 102 34 30.8 2.6 340 3% 74.6  40.1 1.8 3.5

120024725 4.4 152 96 — o4 227 3 385 78,1 3v.8 2.2 3.4

120026/27 420 155 101 — 28.1 221 353 398 80,0 42.2 2.4 3.5

416 154 100 34 29.6 3.3 345 393 77.1 40,6 2.1 3.5

120026/27 36 H-14 420 155 101 — %1 221 333 308 20.0 42,2 2.4 3.5

120040/41 42,2 15.5 % — 30.2° 4.6 379 403 74.3 42,6 2.2 - 3.9

120042/44 420 15.5 101 36 30.8 229 373 403 781 42.8 1.8 3.7

42.1  15.5 100 36 29.9  23.2 69 402 77.6  42.5 2.1 3.7

120037/59 38 E-2 433 171 63 30 2.8 17.5 290 286 55.8  30.2 .1 .2.3

120060/61 4.2 17.0 50 — 20.1  14.8 282 288 52.7 20.8 0.0 2.4

120062/63 4.6 17.3 50 — 241 16.3 262 274 53.6  29.7 0.9 2.3

43.9  17.2 59 30 2.8 167 279 82 4.6 30.0 1.0 2.3

120062/63 38 F-2 4.6 17.3 50 —_ 4.0 16.3 0 262 274 53.6  29.7 0.9 2.3

120074/75 4.7 17.4' 51 — 22.9  15.4 288 300 52.4  29.1 1,5 3.1

120076/78 4.5 17.4 60 30 2.4 164 272 290 57.0 27.1 1.4 2.6

4.6 17.4 56 30 22.6  16.1 274 288 54.7  28.4 1.3 2.7
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APPENDIX B

During the experimental work reported in the pre-
ceding pages, a large number of data were obtained on
the various physical properties of the component ma-
terials, the combined boards fabricated from these
components; ‘and the boxes manufactured from the
combined board. Because of the obvious economic, as
well as technical considerations, it was important to
determine whether a relationship existed between the
properties of the combined board or its components
and those of the resulting boxes. If it were possible to
establish such a relationship, and thus predict, with
a fair degree of approximation, the physical character-
istics of hoxes from those of either the components or
the combined board, such predictions would have con-
siderable technological and economic value for the
manufacturer, fabricator, converter, and consumer of
paperboard products. As discussed on page 49 of this
report, such rclationships can best be established by
means of statistical analysis. The theory involved and
the method of application are discussed in the follow-
ing paragraphs.

This section is not intended as a complete derivation
and explanation of the techniques involved in statis-
tical analysis. Such a presentation would be too in-
volved to be included in a report of this nature. How-
ever, it is believed that the following material is suffi-
cient to enable anyone acquainted with the mathe-
matics involved to calculate any of the values pre-
sented in the report.

In this report statistical methods have been em-
ployed to predict laboratory performance test results
from tests made upon the component material and
combined board. This prediction is based upon the
technique known as multiple correlation. For linear
functions of the tvpe considered in this work, the fol-
lowing general formula is used:

Y=gt oz, +astet+asxs, (1)

when Y is the predicted laboratory performance test
value, ay, @5, @2, and a3 are numerical constants or
weight factors, and a1, %y, and z; are the test results
on which the prediction is based.

Using the method of least squares (a well-established
statistical practice) and minimizing the variation suc-
cessively for each constant, the following set of equa-
tions is ohtained.

agita1 Y, xkaay Xotas g, wg= 2, ¥

a ). it ), tit4ae X Xatas Y Kpxg= 3y
a2, x2tar ) mrpbar D, et as g, vemg= 3 24y
@0 Nata1 ) My her ), xmxytay ) agt= PIER

where, in addition to the given nomenclature;

(2

_. THEORY OF STATISTICAL'ANALYSIS ~~ ** =

> =summation of,
s =number of experimental items, and
¥y =observed laboratory performance results.

Thé method of multiple correlation iliustrated above
can be applied to any group of compatible data. How-
ever, the value.of the results-obtained-depends apon
the rcliability of the prediction. In other words, if
the predicted values for any laboratory performance
test are close to the experimental values obtained in
an actual test, the prediction is of practical significance.

In order to iliustrate fully the work in Equation (2),
the actual calculations for determining the relation-
ship between the use of drop test values (y) and average
tear (machine and across-machine direction) for 3 com-
ponents is presented. Table I contains the quantities
necessary to set up an equation such as (1). The data
in this table include the three average tear values
(x1, %2, and x4), the square (x,?, etc.) of cach value, the
cross-products [z, (single-face average tear times
corrugating medium average tear), cte.], the drop
value (¥) and, finally, the cross-products {xyy, etc.).
At the foot of each column is the total which is used in
the simultaneous equations. The ecquations resulting
from Table T are as follow:

22 00+7,837.5 a,4-5,025.0 a2+ 7,919.5 ;= 185.3
7,837.5 80+4-2,817,138.75 2,+1,795,925.75 &,
+2,815,789.50 a3=67,142.90
5,025.0 ay+1,795,925.75 a,+1,172,472.00 g, (3)
+1,809,179.00 a3 =43,153.45
7,919.5 a0+ 2,845,789.50 a,+-1,809,179.00 a,
+2,881,893.75 2,=67,715.23

The constants found by solving equations (3} are

ag==—11.499
= +4(.03307
a; + ’ / (4)
Te= +002376
a;=+0.00627

The constants in (4) can be substituted in Equation
(1) to obtain the predicted value ¥.

=~ 11.4994-0.03307 2 4-0.02576 12+ 0.00627 x5. &)

The predicted values for the drop test for Runs 1
through 22 [as calculated from equation (5) by the use
of data obtained in the present work] are given in
Table 11,

In future work, where average tear is known, similar
predictions of drop values may be made.

The reliability of such predictions are judged by cal-

76




TABLFE II

PREDICTED VALUES OF DROP FROM AVERAGE TEAR

- Sum—11.499

+0.03307x, 40.02576xy  4-0.00627x
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variances. Variances are a statistical measure of scat-
tering of individual values. They are based upon the
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so-called mean square relationship and are calculated
as follows: '

o w=Xeewr
1= 3 (y=¥)?
where 3 =summation of,
y =experimental values,

¥ =predicted values, and -
" #=the mean of the experimental values.

If R is unity, perfect correlation exists; that is, all

* experimental values are precisély the same as the pre-’

dicted values. If the predicted values have no relation
to the experimental values—i.e., there is no correlation
—the value of R will be 0. It should be stated in a pre-
cautionary way, that this is not a linear relationship
and a R value of 0.8 does nof indicate a correlation

)

- - —

twice as good as one of 0.4. However, the higher the
value of R, the more reliable the prediction.

In Table III, the observed values (y)-of drop are
compared with those (¥) that might have been pre-
dicted from average tear in the present work. The
average ¥ is 8.4, The values of y—4% and of y—¥ are
used to calculate »; and s in Equation (7}, from which
R can be calculated according to Equation (6).

T 5,=8351 N
U= 18.28

R=1/—-—————-—-—=0.88.
83.51
It will be seen that, since R is near unity, a good cor-

respondence between ¥ and y was obtained in the
present work.

®
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tend to follow the same corrclation trend as the G. K.
puncture test. This is to be expected, since it was ob-
served from the data in Table XXVIII that the G. E.
puncture test measures many of the same character-
istics in the combined board as the G E. stifiness or
flat crush test. i 7

In the préceding discussion, consideration has been
given only to simple correlation—i.e., the relationship
or correlation between fwo characteristics. However,
in a study of this type, it is often more desirable to
determine the most effective manner of weighting dif-

_ferent physical tests on combined_board.in.order to

obtain the best prediction of box test results. The
theory is discussed in Appendix B, where it is shown
that a certain weight should-be given-each test on com-
bined board and that a weighted total should be found.

For example, suppose it is assumed that G. E. punc-
ture, flat crush, and bursting strength are separately

. of use in assigning a laboratory performance value to

a sample of combined board. If the three combined
board tests are considered jointly, a better evaluation
may be made of the performance of the board in ques-
tion. Thus, if a board has a high G. E. puncture value
a good box would normally be expected, but if it has
high G. E. puncture, high flat crush, and also high
bursting strength, the probability for a good box would
be much greater. Similarly, if the board is low in G. E,
puncture, flat crush, and bursting strength, a much
poorer box would be expected than one made from a
combined board with high G. E. puncture, flat crush,
and bursting strength values. A complication arises,
however, when the G. E. puncture and flat crush values
are low but, in contrast, the bursting strength value is
high. The question then arises as to how each test
should be weighted in order to give the best criterion
for box performance. It is readily apparent that a great
varlety of similar situations can exist which give rise
to various degrees of perplexity. However, there exists
a statistical technique for dealing precisely with this
problem. This technique measures the weight, or de-
gree of importance, which should be attached to the
G.E. puncture, flat crush, and bursting strength values
in predlctmg the relatlvc laboratory performance of a
box. The statistical technique used for this purpose
is known as multiple regression and has been success-
fully used in other ficlds, most notably in agricultural
and psychological research.

To illustrate the application of statistical methods
in this type of analysis, it may be assumed that, on
some sample [ots of materials, data are available on the
G. E. puncture, pin adhesion, and bursting strength
tests for the combined board and that results for a
single test {e.g., the drop test) are known for the fin-
ished boxes. The question may then be raised as to
what extent the analysis of the values of the combined
boards can be used in predicting the magnitude of the
box test—i.e., the drop test. The values for the com-
bined boards might merely be added. Alternately, the
G. E. puncture arbitrarily might be given a weight fac-
tor of 3, pin adhesion a weight factor of 2, and bursting
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str_cngth a wcigh.t factor of 1. The possible scts of
weight factors which might he arbitrarily assigned are
endless. It can be shown, however, that there is a

unique combination of combined board tests which .

will give the maximal (maximum) index of laboratory
box performance as measured by any one test (e.g.,
the drop test). The weight factors which will give the
maximal index are found by multiple regression. The
weight factors thus found are then combined into a
common equation so that the individual tests may be
considered collectively (multiple correlation) in the

prediction-of -box performance- In this study, there= = -

fore, the problem is to determine the most effective
manner of weighting the different physical test data_
in order to obtain the bést prediction of box test
results. In the next paragraph, consideration will be
given to the fundamental question of which physical
tests can, in the interest of both efficiency and econ-
omy, be eliminated as superfluous.

Table XXX contains the simple coefficients of cor-
relation—first between combined board tests, second
between board tests and box tests and, third, between
box tests. Inspection of the correlations between com-
bined board tests shows that, in this study, only
three of the five combined board tests have essentially
independent predictive value, Bursting strength and
pin adhesion correlate so poorly with each other and
with the other combined board tests as to be effec-
tively independent. For example, bursting strength
may not reveal much about the box tests and the in-
formation obtained from it is not duplicated by the
pin adhesion or the other combined board tests; the
same may be said about the pin adhesion test in its
relation to the box tests. The G. E. puncture, G. E.
stiffiness, and flat crush tests, however, are highly cor-
related with each other. This means that, whatever
one test on the combined board indicates about box
tests, the others substantially repeat. One of them,
then, tells as much as zll three. Thus, of the com-
bined board tests used, bursting strength, pin adhe-
sion, and one of the three—G.E. puncture, G. E.
stifiness, and flat crush—are the only tests which have
independent predictive value,

By consulting the correlations between the combined
board tests and box tests, it is possible to determine
which of the three tests—G. E. puncture, G. E. stiff-
ness, and flat crush—will best serve the purpoese, in
conjunction with bursting strength and pin adhesion,

in predicting the box tests. It may be observed (sece.

Table XXX) that G. E. puncture is the only one of the
three that correlates highly with all the box tests, and
thus has precedence over the other two in regard to
predictive power.

When only the compressive strengths of the boxes
included in this study are considered, the G. E. punc-
ture test is the only independent combined board test
which has a markedly high predictive value through-
out. Consequently, the results indicate that the G. E.
puncture test alone will predict compressive strength
nearly as well as G. E. puncture, pin adhesion, and
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CORRELATION COLFFICIENTS

Between Physical Tests on Combined Board

Bursting G.E. ' G, E. Pin

Strength Puncture Stiffness Adhesion Flat Crush
Bursting strength . 4100 40.48 L 034, . 40.30. 4013 .

- 7°G. E."punctire : +0.48 +4-1.00 +0.91 +0.35 +0.84

Pin adhesion +0.39 +0.35 +0.24 +1.00 -0.04
G. E. stiffness +0.34 40.91 +1.00 +0.24 +0.90
Flat crush +0.13 +0.84 +0.90 —0.04 +1.60

Between Physical Tests on Combined Boord and Boxes

Top-Load Compression End-Load Compression

L < cmweee in Deflection Range . -in Deflection Range —_—- R
0-0.25 in. 0-0.75 in. 0-0.25 in. 0-0.50 1n. . Drum Drop
Bursting strength - oo - H0.61. ~ 0,52 +0.35- - +0.45 - - —40.61 +0.66- -
G. E. puncture +0.64 +0.91 +0.83 -+0.90 +0.75 +0.83
Pin adhesion +0.12 +0.29- +0.30- +0.42 - +0.61 N +0.58
G. E. stiffness +0.51 +0.87 +0.87 +0.94 +0.58 +40.66
Flat crush . . +0.41 40.74 +0.75 +0.78 10.42 +40.53
Between Physical Tests on Boxes
Top compression, 0-0,25 in. +1.00 +0.77- +0.41 +0.46 +0.66 +0.59
Top compression, 00,75 in. +0.77 +1.00 +0.73 +0.86 +0.,73 4+0.77
End compression, 0-0.25 in, +0.41 +0.73 +4+1.00 +0.90 +0.49 +0.58
End compression, 0~0.50 in. +0.46 +0.86 +0.90 +1.00 +0.64 +0.74
Drum +0.66 +0.73 +0.49 +0.64 +1.00 +0.96
Drop +0.59 +0.77 +0.58 +0.74 +0.96 +1.00
TABLE XXXI

- bursting strength collectively. Hence, for compression

tests, G. E. puncture elone will be considered in the
ensuing discussion. In drum and drop, all three of the
independent physical tests are of predictive value and,
therefore, the discussion of them will be in terms of all
three.

The weighting constants or weight factors obtained
and used to determine the predicted values are set
forth in Table XXXI. A comparison of the predicted
values for each test against the observed laboratory

WEIGHT FACTORS

G.E. Bursting Pin
Box Test Puncture  Strength  Adhesion Constant

Drum +40.20195 40.15411 -41,02300 —120.80
Drop +0.04972 +0.02468 +40.11679 — 15,92

Top-load compression*

0-0.75 inch) +2.07741
End-load compression*

(0-0.50 inch) +3.74869

* Based on G. E. puncture test only.

+ 33.09
—224.17

TABLE XXXII
COMPARISCN OF OBSERVED AND PREDICTED BOX TESTS
Top-Load Compression, Ib. End-Load Compression, b. Drum, Drop,
Deflection Range Deflection Range No. of Falls to Box No. of Drops to Box
Run 0-0.75in. 0-0.50 in. Failure v -~ TFailure
Combi- -
nation Observed Predicted Observed Predicted Observed  Predicted Observed Predicted

1 487 484 634 589 38 52 7.9 9.1

2 506 303 628 623 42 51 8.1 9.1

3 505 501 523 619 49 44 8.6 8.3

4 469 455 592 537 42 48 8.3 8.4

5 397 384 423 409 32 36 5.8 6.4

6 489 463 611 551 48 49 8.1 8.6

7 460 436 469 503 37 33 6.5 6.4

8 502 498 620 6l6 66 54 10.1 9.3

9 501 492 614 604 42 55 7.6 9.4

10 . 528 503 646 623 69 63 11.2 10.5

11 525 507 668 631 59 59 9.6 10.0

12 500 517 624 649 67 64 12.0 10.8

13 458 430 478 492 39 36 6.9 6.4

14 468 - 517 656 649 63 64 1.1 10.8

15 : 506 523 602 661 55 55 9.8 9.7

16 470 492 653 601 49 34 9.3 9.4

17 434 457 459 41 50 44 8.5 7.8

18 374 399 399 436 36 41 5.6 7.0

19 568 528 682 668 73 62 11.4 10.6
20 393 401 . 411 439 51 39 7.8 7.0

2 333 343 361 334 20 18 4.8 3.8

22 439 480 608 582 33 36 6.3 6.7
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values Is given in Table XXXIT and Figures 41, 42,
43, and 44, The multiple correlation coefficicnt be-
tween drum test results and those of the combined
board tests—bursting strength, pin adhesion, and G. E.
puncture—was +0.86, and between the drop test
results and the -above-mentioned combined board
test results, was 4-0.91. These two correlation coeffi-
cients indicate the predictive value of the combination
of the three combined board tests with respect to each
box test; that they are markedly greater than the
predlctlve value of any of the individual combined

-board tests is'shown by Tahble XXX. -~~~

The correlation coefhicient for G. E. puncture and
top-load compression in the deflection range 0-0.75
inch was +091. For G. E. puncture and end-load
compression” in the deflection range 0-0.50 inch, the
correlation coefhicient was 4-0,90,

The statistical approach to the problem of deter-

-mining the relationship between combined board and

box tests permits the handling of the data from a large
number of sample lots. In addition, it allows the deter-
mination of that relationship to be expressed in terms
of a numerical figure.

RELATIONSHIP BETWEEN VARIOUS
COMPONENT AND BOX TESTS

For years, the general specifications for container
board have been weight, caliper, moisture content,
and bursting strength. Naturally, at times additional
tests have been run depending on the ultimate use of
the board. From a practical viewpoint, a manufacturer
is vitally interested in knowing the relationship be-
tween the test results of the components and those on
the boxes made from such components—i.e., which
properties of the component materials have a dominant
influence on the quality of the boxes made from his
paperboard.

The data obtained on the twenty-two run combina-
tions offered a splendid opportunity to study this
correlation. Samples of cach of the component ma-
terials were taken at the beginning, middle, and end
of each run combination. These samples were sub-
mitted to the following tests: bursting strength, G. E.
puncture, ring compression, Elmendorf tear, Amthor
tensile, and stretch. It was immediately apparent that
this battery of tests—three-fold, because each test
was made on the single-face liner, double-face liner,
and corrugating medium—presented an inordinate
number of factors which might conceivably be related
to box performance. In order to study the relationship
between the test results on the components and those
on the finished boxes made from the components, the
data obtalned from the twenty-two run combinations
were subjected to the same statistical analysis that
was used to determine the relation between combined
board test results and box test results.

The first step in the application of this analysis was
to select, by proper determination, the tests on the
components which appeared to have the greatest pre-
dictive value. In particular, it was necessary to deter-
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“Tables XXXIIT and XXV.

mine the intercorrelations of all the test results on the
components in which machine and across-machine
direction results were obtained. The tests which in-
volved such data were Elmendorf tear, ring compres-
sion, Amthor tensile, and stretch. The results of the
“double tests”’- on the components which were used
in the fabrication of the twenty-two run combinations
are given in Table XXXIII. The results obtained on
the boxes fabricated from these components are given
in Table XXV. The correlation coefficients given in
Table XXXIV were calculated from the data in

From the data in Table XXXIV, it can be seen that
the ring compression test values obtained in this study
were so poorly related to box test results that they can
be eliminated from further consideration at this time.
The Elmendorf tear results have a fair degree of cor-
relation with some of the box results and, therefore,
warrant further consideration. In addition, it may be
observed that the intercorrelation of the Elmendorf
tear results in the machine and across-machine direc-
tions were consistently high, indicating that, on the
basis of the materials studied, the tests in the two
directlons measure approximately the same character-
istic of the components. Accordingly, the average of
the Elmendorf tear results in the machine and across-
machine directions has been used in the subsequent
treatment of the component data in this report. The
correlation coefficients obtained for Amthor tensile
and stretch indicated moderate correlation with box
results and with each other. Therefore, the machine
and across-machine directlon identities for these tests
must be maintained in further study.

In addition to the reduced set of double tests (ring
compression omitted and Elmendorf tear in machine
and across machine averaged), consideration must be
given also to the two single tests—burstmg strength
and G. E. puncture, which are given In Table XXXV.

From the data in Tables XXXTII, XXXIV, and
XXXV, the correlations between component test
results—average Elmendorf tear; Amthor tensile
(machine and across-machine direction), Amthor
stretch (machine and across-machine direction), burst-
ing strength, and G. E. puncture—were calculated
and are given in Table XXXVI. Further, the corre-
lation of each component test with each box test {s
shown. Consideration of these results suggests that
average Elmendorf tear should have good predictive
value in regard to these twenty-two different lots of
boxes, since for no box test does it fafl to show, for at
lcast one of the components in each run combination,
a correlation coefficient greater than +0.60. The cor-
relation coefficient for the Amthor tensile test values
in the machine and across-machine directions shows
indifferent correlation with box test results. Amthor
stretch in the machine direction shows poor correla-
tion with box tests. On the other hand, Amthor stretch
in the across-machine direction shows moderate corre-
lation with box tests and, further, is not highly curre-
lated with average Elmendorf tear. Accordingly, Am-
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cuut sireteh 1L Lhe across-machine direction has been

used to supplement average Elmendotf tear in the pre-,

dictive relationships. In view of the relatively good
correlation between the component tests being con-
sidered, it appears unfruitful to include bursting
strength and G. E. puncture, together with average
Elmendorf tear and Amthor stretch in the across-
~ machine direction, in a four-factor relationship with

TABLE XXXIV

CORRELATIONS OF MACHINE AND ACROSS-MACHINE
DIRECTION TEST RESULTS WITH EACH OTHER AND WITH
PHYSICAL TESTS ON BOXES—RUN_COMBINATION

.- --- - 1 THROUGH 227

CORRELATION WITH PHYSICAL TESTS ON BOXES

. . - - Corre-
- - - Compression lation
Tests Drop Drum Within
Top  End  Double
Tests
Single-Face Liner
Ring compression—in ~ +0.42 <40.51 +40.36 <4019 4-0.82
Ring compression— .+ -0.23 +0.3% 40.39 +0.17
actoss
Elmendorf tear—in +0.73 +40.78 +0.51 +0.30 0.78
Elmendorf tear—across 40.75 +40.72 40,57 +0.47 )
Amthor tensile—in 40.60 40.62 +40.43 4040 +40.58
Amthor tensile—across +40.50 +40.62 40,49 +40.20
Amthor stretch—in 4+0.33 +0.36 40.45 40.20 -0.37
Amthor stretch—across +0.68 +0.68 +0.29 40.21
Corrugating Medium
Ring compression—in  +0.20 +0.25 40.23 10.24 40.80
Ring compression— +0.27 40.40 40.44 +0.33
BCTOSS
Elmendorf tear—in +0.61 +0.58 +4+0.62 +40.68 40.90
Elmendorf tear—across 40.55 +0.50 +0.59 +0.69
Amthor tensile—in +0.49 +4+0.42 <40.56 +0.60 -0.54
Amthor tensile—across +0.3¢ +0.45 +406.51 +0.37
Amthor stretch—in +0.37 40.32 $0.26 +0.26 40.55
Amthor stretch—across +0.49 +0.45 +0.61 +0.60
Double-Foce Liner
Ring compression—in ~ +0.09 +40.17 +0.16 40.05 <0.90
Ring compression— +0.21 +0.29 +40.27 40.06
across ,
Fimendorf tear—in 4+0.538 +40.57 +40.39 +0.20 40.93
Elmendorf tear—across +40.64 +0.63 +40.50 40.32
Amthor tensile—in 4+0.46 40.46 +0.46 +0.33 0.6
Amthor tensile—across +0.42 +-0.48 40,28 -+0.05
Amthor stretch—in +0.37 40,43 40.45 +0.25 +0.57
Amthor stretch—across 4-0.71 40.63  +40.45 +$0.50

box tests. However, the magnitude of the correlation
cocflicients for bursting strength and G. E. puncture
indicates that they are worthy of alternate considera-
tion. Further, by an argument parallel to that for
Elmendorf tear and Amthor stretch, bursting strength
and G. E. puncture together look promising in a two-
factor relationship of their own.

As mentioned above, the average Elmendorf tear
and Amthor stretch in the machine direction appear
to have good predictive relationships with box tests.
Therefore, the problem is to determine the relation-
ship appropriate for the anticipation of box tests from

the component tests: average Elmendorf tear and
Amthor stretch in the across-machine direction. The
theory is discussed in Appendix B, where it is shown
that a certain weight should be given to each test on
the components and that a weighted total can then
be found as a result of the weight factors determined
for each different test under consideration.

It was necessary first to find the weight factors ap-
propriate for estimating the various box tests as
shown in Table XXXVII. In order to ilustrate fully
the use of Table XXXVII, one may consider Run
Combination-1, with average Elniendorf fear as shown
in Table XXXV and Amthor stretch in the across-
machine direction shown in Table XXXTII. The calcu-
lation for any box test—e.g., the drop test—is as
follows:

The average values for the Elmendorf tear and the
Amthor stretch in the across-machine direction for the
single-face liner, corrugating medium, and double-face
liner fabricated in Run Combination 1 are multiplied
by their respective weight factors. For example:

Observed Weight Weighted

Test Factor Value

Single-Face Liner
Average tear 360.0 +4-0.02298 + 8.273
Stretch across 2.8 +-0,57150 + 1.600
Corrugating Medium
Average tear 231.5 +0.01846 + 4.2713
Stretch across 3.1 +0.57091 4+ 1.798
. Double-Face Liner

Average tear 365.0 +40.00031 4+ 0.113
Stretch across 3.4 +0,98895 + 3.362
Total +19.419

The sum of the weighted valuesis 419.419, to which
is added the constant for the particular box test in
question. In the case of the drop test the constant was
~11.209; thus, the predicted drop value for Run
Combination 1 is 8.2 [+19.419-11.209=8.2]. The
observed drop value was 7.9, in contrast to the antici-
pated or predicted drop value of 8.2, Using this same
method of calculation, a set of expected and observed
values for any given box test may be prepared, as in
Table XXXVIII.

The material in Table XXXVIITis presented graph-
ically in Figures 45-48. The (muitiple) correlation
coefficients of the predicted and observed values of
Table XXXVIII were as follows:

Drop +0.94
Drum . +0.93
Top-load compression +0.87
End-load compression +0.86

It may be noted that the differences between the
observed drop values and the values predicted on the

- basis of the components are quite small. It should be
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mentioned that the agreement of these two values
far exceeds usual statistical experience. It may also be
observed that the correlation of predicted and observed



Single-Face Liner

TABLE XXXV*
AVERAGE ELMENDORF TEAR, BURSTING STRENGTH, AND G. E. PUNCTURE VALUES—RUN COMBINATIONS 1-22

Corrugating Medium

Double-Face Liner

Run
Combination

'
o
[=R N+ -t §= 9 (L R

bk bk ok ok
LR R g

15

Average
Elmendorf

. . Tear,._

g./sheet

360.0
354.0
355.0
348.0 .
343.5

- 3£3.0
361.5
351.5
342.5

- 402.0

396.0
411.5
"319.5
380.0
376.0

355.5
371.5
337.5
384.0
385.5

276.0
273.5

Bursting G. E.
. Strength, Puncture,
points units
87 39
88 37
89 35
93 34
94 34
96- - 34
89 36
89 35
92 35
99 -38-
96 T 38
14 42
81 36
04 38
20 37
84 35
80 38
87 34
93 35
97 36
87 29
58 K|

Average

Elmendorf

Tear, .
g./sheet

231.5
218.0
*228.5
223.0
115.0

249.0
180.5
256.5
262,5
262.5

263.5
233.0
238.0
247.0
248.0

253.5
228.5
223.5
240.5
192.5

189.0
241.0

Bursting G. L.
Strength,. Puncture, .

points units
61 19
61 18
15 20
57 20
3 9

- 58----19
50 15
53 21
59 21
64 - 21
62 21
63 19
63 17
62 17
67 18
63 19
62 16
64 16
70 17
52 15
50 13
70 18

Average

Elmendorf Bursting G. E.
Tear, Strength, Puncture,

g./sheet points units
365.0 90 36
378.0 98 38
378.5 98 39
355.5 107 38
3n.o 104 38
3710 - - 101-- - 38
374.5 ar - 38
353.5 93 38
331.0 85 35

T 3925 07 7 9% 7T 38
370.5 89 36
423.5 96 50
293.0 78 28
374.0 94 40
423.0 21 42
330.5 85 34
381.5 86 39
337.0 90 31
369.0 100 34
385.5 100 36
280.5 59 30
281.0 56 30

* In those run combinations in which the G. E. puncture data were not available (see Table XLVII), the values used in this table were the
averages of the G. E, puncture results for the entire roll

TABLE XXXVI .
CORRELATIONS OF COMPONENT TESTS WITH EACH OTHER AND WITH PHYSICAL TESTS ON BOXES

Correlations Between Component Tests

Correlations with Physical Tests on Boxes

Amthor Tensile

Amthor Stretch

Elmendorf
Average
Tear

Average tear +1.00
Tensile—in +40.82
Tensile—across  +0.76
Stretch—in +0.60
Stretch-—across  +40.73
Bursting strength +0.88
G. E. puncture  -0.84
Average tear +1.00
Tensile—in +40.86
Tensile—across 40,62
Stretch—in +0.53
Stretch—across  +40.62
Bursting strength +40.75
G. E, puncture  40.89
Average tear - 41,00
Tensile—in +0.70
Tensile—across  40.79
Stretch—in +0.57
Stretch—across  4-0.63
Bursting strength 40,74
G. E, puncture  40.87

In

+0.82
+1.00
-+0.58
-+0.57
+0.56
+4-0.86
+0.67

+0.86
+1.00
+0.54
+0.69
+0.54
+0.88
+0.77

+0.70
+1.00
+0.62
—+0.75
+0.61
+0.86
+0.58

Across

+0.76
+0.58
+1.00
+0.59
+0.66
+0.75
+0,50

+0.62
—+0.54
+1.00
+0.21
+0.66
+0.61
+0.70

+0.79
+4-0.62
+1.00
+0.58
+0.37
+0.82
+0.51

Bursting
In Across Strength
Single-Face Liner
+0.60 +0.73 +0.88
+0,57 +0.56 +-0.86
+0.59 +0.66 +0.75
+1.00 +0.37 +0.81
+0.37 +1.00 —+0.60
+0.81 +0.60 +1.00
+0.44 +0.55 +0.68
Corrugated Medium
+0.53 +0.23 +0.75
+0.69 +0.54 4-0.88
-+0.21 +0.66 +0.61
+1.00 +0.55 +0.70
40.55 +1.00 +0.66
+0.70 +0.66 +1.00
+0.31 +0.58 +0.65
Dowble-Face Liner
+0.57 +0.63 +0.74
+-0.75 +0.61 +0.86
-+0.58 +0.37 +0.82
+1.00 +0.57 +0.84
+0.57 +1.00 +0.59
+0.84 +0.59 +1.00
+0.46 +0.69 +0,57
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Punc-
ture

+0.84
+0.67
+0.50
+0.44
+0.55
-+0.68
+1.00

+0.89
+0.77
+0.70
+0.31
-+0.58
+0.65
-+1.00

+0.87
+0.58
+0.51
+0.46
+0.69
+4-0.57
+1.00

Top-Load End-Load
Compres- Compres-

sion

sion .

{(0-0.75 (0-0.50
in.) in.)
+0.57 +0.41
+0.43 +0.40
+0.49 +0.20
+0.45 +0.20
+0.29 +0.21
40,55 +0.37
4+0.52 +0.42
+0.62 +0.70
+0.56 +0.60
+0.51 +0.37
4-0.26 40.26
“+0.61 + +0.60
--0.51 +4-0.48
40,71 +0.73
+0.46 +0.27
+40.46 4-0.33
+40.28 +40.05
40,45 40.25
40,43 4-0.50
+0.41 40,22
+0.39 +0.32

Drum

+0.79
+0.62
+0.62
+0.36
+0.68
+0.67
+0.61

+0.55

+0 5t

+0.61
+0.46
+0.48
+0.43
+0.63
-+0.49
+0.53

+0.58

+0.56

+-0.63
+0.46
+0.42
+0.37
+0.71
+0.45
-+0.63



TABLE XXXVII

WEIGHT FACTORS FOR AVERAGE ELMENDORF TEAR AND AMTHOR STRETCH (ACROSS-MACHINE
DIRECTIGN) USED IN PREDICTING BOX TESTS .

End-Load Drum, Drap,

ToproadI
Compression, ib, Compression, Ib. Falls to Box Drops to B
(0-0.75 in.) 0-0.50 in) Failure . - Failure
o B Single-Face Liner
Av. Elmendotf tear + 1.27800 + 0.03971 + 0.32721 +0 02298
Amthor stretch across —32.65825 — 51.91361 + 4.84894 +0.57150
Corrugating Medium
Av. Elmendorf tear + 0.25084 + 1.82131 + 0.05667 + 0.01846
Amthor stretch across +40.38682 + 16.61160.. . . 4+ 6.31149 - - - --- 0.57991
Double-Face Liner
Av. Elmendor{ tear — 0.06432 +  0.24949 — 0.08458 . . — -+ 0.00031
_ . Amthor stretch across -+ 1.17929 +106.09366 — 0.28012 -+ 0.98895
Constant —66:589 —192.371 —88 588 -11.209

TABLE XXXVIIT'

COMPARISON OF OBSERVED AND PREﬁICTED PHYSICAL TEST RESULTS ON BOXES BASED ON AVERAGE
ELMENDORYF TEAR AND AMTHOR STRETCH {ACROSS-MACHINE DIRECTION) VALUES OF COMPONENTS

Top-Load Compression, 1b. End-Load Compression, Ib, Drum 12-Inch Corner Drop
Comrliil:;tion Deflection Range 0-0.75in.  Deflection Range 0-0.50in.  No. of Falls to Box Failure  No. of Drops to Box Fatlure
QObserved Predicted Observed Predicted Observed  Predicted Observed P'redicted

1 487 466 634 602 I8 M 7.9 8.2
2 506 502 628 614 42 46 8.1 8.5
3 505 519 523 599 49 51 8.6 8.8
4 469 446 592 564 42 42 8.3 7.8
5 397 3n 423 347 32 25 5.8 5.0
6 489 495 611 651 48 49 8.1 9.2
7 460 452 469 478 37 43 6.5 7.4
8 502 520 620 639 66 54 10.1 9.3
9 . 501 451 614 552 42 46 7.6 7.9
10 528 _511 46 653 69 61 11.2 10.5
11 525 525 668 625 59 60 9.6 9.6
12 500 513 624 662 67 68 12.0 11.8
13 458 457 478 531 39 44 6.9 7.3
14 468 502 656 654 63 60 11.1 10.5
15 506 499 602 546 55 58 9.8 9.6
16 470 497 653 643 49 57 9.3 9.7
17 434 454 459 518 50 47 8.5 8.1
18 374 434 399 469 36 36 5.6 6.2
19 568 508 682 588 73 65 11.4 10.4
20 393 420 411 475 51 54 7.8 9.2
2 333 350 361 394 20 18 48 4.0
22 439 421 608 556 33 29 6.3 6.2

values for the drum test is very high, but that the
correlation for the two compression tests is lower, al-
though still good.

A comparison of the weight factors shown in Table
XXXVII indicates that the Elmendorf tear and
Amthor stretch characteristics of the single-face liner
had a greater influence in predicting drum and drop
test results than in predicting the compression results.
On the other hand, the characteristics of the corrugat-
ing medium were perhaps more significant in predict-
ing top- and end-load compression than were the cor-
responding characteristics of the single-face liner. The
values for the average Elmendorf tear and the Amthor
stretch in the across-machine direction for the double-
face liner did not appear to influence the predicted box
test values nearly as much as the same test values for
the single-face liner or corrugating mediums.
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It may be recalled that the correlation coefficients
for bursting strength and G. E. puncture with box
tests indicated that, together, they appeared promising
as an alternate for average Elmendorf tear and Amthor
stretch in the across-machine direction in a two-factor
predictive relationship. As a means of determining
their predictive relationship, the results of the bursting
strength and G. E. puncture test on the twenty-two
run combinations have been subjected to the same
statistical treatment as that described for average
Elmendorf tear and Amthor stretch in the across-
machine direction. The weights appropriate for esti-
mating the various box tests were determined as shown
in Table XXXIX. The observed values for drop, drum,
top- and end-load compression are compared with
the corresponding values predicted from the bursting
strength’and G. E. puncture results in Table XL, The
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Ficure 46, Comparison of Observed and Predicted End-Load Compression Tests (0-0.50 inch)—Based on Elmendorf Tear
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FiGURE 47. Comparison of Observed and Predicted Drum Tests—Based on Elmendorf Tear and Amthor Stretch of Components
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Ficure 48. Comparison of Observed and Predicted 12-Inch-Corner Drop Test—Based on Flmendorf Tear and Amthor Stretch of Components
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