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THE INSTITUTE OF PAPER CHEMISTRY

Appleton, Wisconsin
COMPARATIVE PERFORMANCE STUDY
SUMMARY

In the free world today there are twe primary producing areas of virgin
conlainerboard — namely, the United States and the Scandinavian countries  These

"producers’ compete to a greater or lesser degree 1n practically all world con-
taincrboard markets; however, the largest joint market is Western Burcope. These
two contalnerboard-producing areas practice conflicting manufacturing philoso-
phies, both undoubtedly oriented toward the most econcmical manufacture and dis-

tribution of their product, The two philosophies differ mainly 1n respect to

the importance of weight and bursting strength of the components to box quality

The Scandinavian countries, because of advantageous wood species,
manufacturing economies specific to their area, and less restrictive regulatory
specifications 1n certain Western European countries, notably West Germany,
manufacture unbleached kraft containerboard at a lower weight and higher burst-
1ng strengih than 1s practiced with corresponding board made 1n this country.
In ef{ect, the Scandinavian philosophy advocates a lighter weight containcr in
contrast to United States practice and implies that the container weight can be
1educed with impunity provided the lower weight 1s compensated for by an Lncrease
n bursting strength In contrast, the philosophy practiced by US manulac-
tmers suggests that a quality box requires a certain minimum Welgh£ of fiber,
ti more substance (fiber) 1s used, the bursting strength of the linerbeoard need

usol be as high as that associated with the lighter weight Scandinavian linerboard.

The manufacturing philosophy practiced by the Scandinavian container-
board manufacturers places a burden on U.3 exportation of linerboard to those

rountr tes where weight 1s not considered & factor in containerboard quality
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#
US 1linerboard manufacturers can make linerbodrd te the Lame spectlications as
Scandinavian linerboard, however, this would require modifying currenl manufac-
luring practice —e.g , more refining, slower specds, etc. — walch vould adversely

imfluence costs

- In order-to determine the comparative pe1i01mdnuo ot conbined board and
boxes made with European and domestic kraft linerboards, a study s initiated al
The Institute of Paper Chemistry by the Fourdrinier Kraf't Board Instituie, Inc.
The study inveolved the fabrication of two Scandinavian and one domestic liner-
board at each of four nominal grade weight levels wiith 23-1b, European and 26-1b
semichemical corrugating medium into A- and B-flute combined board and boxes under
normal but controlied conditions of fabrication using -tarch as the adhesive The
FEurcpean linerboards — 1.e., 25.6, 30.7, 35.8, and 4l U-lb. — were made by Huso
Gutseit (Finland) and Svenska Cellulosa (Sweden) The 23%-1b. semichemical medium
was made by Fiskeby. Also, a few trials were made in which a 26-1b  Huiopean

semichemrcal corrugating medium (Finnkarton) was fabricated with dumestic liner=

hoards into combined board and boxes The domestic Lunwrboards — i.e., 20, 35,
38, end 42.0-1b. — wers obtained from a membe: compan, of Fourdrinier kro:r I oF
Dnstilute, Inc. and the qualiby manufacturing speciticabirone wore Lbole o -

sponding Lo the current indusiry average quality to be expecled for garh zrade

relght.

The combined boards and boxes resulting {rom the 1Ly -two experzrental
material rombinations used in this study, together walh sample. of the covpononts
rued In each run, were cvaluated for performance at 50 i.H% relalive unrdis o oand
7> + 5 5°F (standard conditions in U 8 ) and 65% relative humidily at G8°F,
(«tandard conditions in Europe) It should be borne in mind Lo wbernrel oz he

(esults that the comparative performance Lo based on Lhe iesuila ol tye Lz onnan
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and one domestic sample of linerboard at each of the grade weight levels  The

results, therefore, represent comparative performance to be expected only to

the extent that the linerboards are representative at each grade weight level,

The following conclusions are based on the composite average pe:formance

at cach grade weight level
1. Comparalive Performance at 25 6, 26 0-1b Grade Weight Level:

A, The European linerboards at this grade weight averaged 3 to 5% lower than
U 8. linerboards in basis welght but 37 to 53% higher in bursting strength.
The difference 1n nominal basis weight 1s only about 1.5%. The difference
in basis weight of the linerboard 1s manifested in the combined board
weilght  The combined boards made with 26-1b. U S linerboard were 2 to
4% higher i1n weight than the corresponding boards made with European

linerboards.
B Box Performance:

(L) Boxes made with U.S linerboards, in general, exhibited 2 to 7 5%
higher top-load box compression than the boxes fabricated wiih
European linerboards The greazest difference was between U S.
and Svenska Cellulosa boxes Because of the lower weight of the
European linerboards, the above differences, when computed on a
unit weight basis, are reduced and are probably not signilicant

(2) TIn pgeneral, end-load box compression averaged slightly higher for
boxes made with U S 1linerboard chan for boxes made with Furopean
linerboards, however, the differences are not considered significant
As 1n the case of top-load compression, the differences arc reduced
when computed on a unit weight dasis, and are too small to be con-

sidered significant
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(3) Boxes made with U S. linerboard averaged slightly lower in corner
drop performance (3 io 5.5%) than boxes made w;th FEnso Guiseit
linerboard but higher (9 to 24%) than boxes made with Svenska Cellu-
losa linerboard. In only cone case — 1 ¢,, Svenska Cellulosy bexes
at 50% relative humidity — were the differences significant., The
same general trend was noted when corng: diop periormance waos com-
puted on a unit weight basis.
(4) The drum performance of boxes fabricated with U,S, linerboard
averaged 3 to 10% higher than that of boxes made with Enso CGutselt

linerboard and 12 to 16% higher than that of boxes made with Svenska

ey = s = bm e ety m—— =

Cellulosa linerboard, however, these differences are not considered
significant because of the variability associated with the drum tLes.
of these boxes When computed on a unit weight basis the dlfierencr:
decrease

(5) On an over-all box performance basis the box results indicate that ac

the 25 6, 26.0-1b. linerboard welght level, boxes made with U.S.

linerboard may be expccted to give slighily higher Lop-load cum-
Dbression, about equal cnd-load comprension, and also about equal

rough handling as measured 1n terms of corner drop and drum tcuis

e e e T

Vhen compaired on a unit weilght basis, the resulls indicate that

there 15 probably no significant difference 1h hox compression or

P ——

Dy

rough handling belween boxes made with U 8. and Buropean lineciboards,

ac”=— oK

C. Combined Board Perf{ormance-

(1) 1In addition to the difference 1in bastis werpht and bursting strength
noted above, the combined boards made with U.S tiinerboard averased

higher ip caliper, punclure, Lorsion Leqar, cdgovlse compressioi,

- TS P
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flat crush, and pin adhesion than combined boards mg@e with Eurcpean
linerboards

(2) The combined boards made with U S. linerboard were 35 Lo 65% lover
1n bursting strength and 5 to 1h% iower in flexural stiffness {ex-

- pressed- as geometric-mean) than the combined boards made with- s -

European linerboards
D Line rboard Characteristics

In addition to the differences in hasis weight and bursting strength noted

above, the following diftercnces were also noted

(1) The U.S. linerboard exhibited higher caliper, tearing strength,
torsion tear, puncture, Taber stifiness, and I.P.C. bond strength
than the European linerboards

(2) The U.S. linerboards exhibited lower bursting strength (37 to 53%),
density, modified ring compression, tensile strength, streteh,
modulus of elasticity, and tensile energy absorptlon (T E.A ) They

vere aloo roughcr and more porcous than Furopean linerboard
2 Comparative Performance at 50 7, 33 C-lb Grade Weight Ievel

A, The US linerboard at this grade weight icvel vas 9 to 12% hagher in
bas1s weight and § to 18% lower in bursting strength than the correspond-
Ing Buropean linerboards The observed dilfercnce 1n basls weight 1s
cons tderably greater Jhan the 7 C% compuied on the basis of the difference
tn nominal weight  The ditfcrences in linerboard weight and bursting
strength manifest themselves wn a hlghcr combined board (5 to T%) basls
werght and lower (4 to 22%) bwisuing strength for the combined boards

made with U5 linerboards
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B. Box Performwance.

(1) The boxes made with 33.0-lb, U S Llincibouard eiibited top-load
compression results which were sign:ificantly lower (1 6%) at 509

R H but not significantly different at 65% R H. than the boxes

made with Enso Gutselt ilﬁerboard The boxes made with Svenska
Cellulesa linerboards gave top-load compression resulis not signif-
rcantly different from boxes made with U S, linerboard., Because of
the substantially lower basis weight of the combined board, the
boxes made with Eurcpean linerboards gave significantly higher (I
to 7%) top-load compression than boxes made with U.S. linerboard |
when computed on a un:t weight basis.

(2) The end-load box compression strength of boxes made with U 8. liner-
board was 5 to 7% higher than that of boxes fabricated with Enso
Gutseit linerboard but 1 to 3% lower than that of boxes made with !
Svenska Celiulosa linerboard The diiferences noted for the boxecs
made wia Enso Gubseil linerboards are significani vhzreas those
For the ooxes made with Svenska Cellulosza 1linerboards are not
signiricent ihen the end-load compressicn tesulis are computed
or a un:- teight of combined board basie, there is no saignificant
differernce betwecn boxes made with U.S. and Ensc Gutselt linerboards,
hovever, on this basis, the boxes made wilh Svenska Cellulosa linet-
boards are signii Lcantly higher (4 to 7%) than boxes rabricated wilh
U.5 linerboard

(3) In generel, the corner drop performance of boxes made “1th Enso

Gutselt Iinerboard was not saignifiicantly diffcrent trom the perior-

mance of boxes made with U.S. Tinerboard  On the other hand, Lhe

cornct drop periormance ot bhoxes made vith Sveon<ka Cellulowa |inerboarnd

I
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was significantly higher (17 to 18%) than the drop performance of
boxes made with U.5. linerboard. On a unit weight of combined
board basis, boxes made with Buropean linerbvoard exhibited higher
drop performance (Enso Gutseit, 5 to 6%; Svenska Cellulosa, 24 to
27%) than toxes made with U.S. linerboard. The differences noted
for the boxes made with Enso Guitseit linerboards are not significant
vhereas those for boxes made with Svenska Cellulosa linerboards are.

(%) The drum performance of boxes made with U,S. linerboard in general
was higher than that of boxes made with Enso Gutseit linerboard but
slightly lower than that for boxes made with Svenska Cellulosa liner-
board. The difference néted for Enso Gutseit boxes is significant
whereas the difference for Svenska Cellulosa boxes is not. Computing
the performance on a unit welght basis has the effect of decreasing
the difference for Enso Gutseit boxes and inecreasing the differences
for Svenska Cellulosa boxes.

(5) Cn an over-all basis the box results obtalned at the 30.7, 33.0-1b.

grade weight level indicate that boxes made with U.S. linerboard

L
.

give about the same top-load box compression, equal (Svenska Cellu-
losa boxes) to higher (Enso Gutseit boxes ) end-load coﬁpression,
equal (Enso Gutseit boxes) to lover (Svenska Cellulosa boxes )
corner drop performance, and higher (Enso Gutseit boxes) to equal
(Svenska Cellulosa boxes) drum performance compared with boxes made
with European linerboards.

When box performance is computed on a unit welight combined board
basis, the boxes made with U.S. linerboard are lower (4.5 to 7.5%)
in top-load compression, equal in end-load compression, equal in

corner drop and higher in drum perlormance when compared wlth boxes
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made Woll Bulo wdlsoll rinelbuard, Ui The oborr hand, boxes ade

vith Sven:lha Cellulosa linerboards gave higher top-load compieswion

e s Ehm e e

(G to 7%), higher end-load compression (I to 7%}, igher corner drop

-

performance (24 to 27%), and higher drum pe:rformance (15 to [6%) than

boxes made wvith U.S linerboatds All the dafferences on a unig

. =y ==

veight combined board basis are considered significant with the pos-

slble excepiion of the differences for the drum pertormance test.

C. Combined Board Performance-

Trmrr e e

(1) In addition to the differences 1in basis weight and bursting stren,tlh

e

previously neoled, the combined board fabricated with U.S. linerbocara

3 3 ~roy

exhibited higher caliper, puncture, torsion tear, edgewise compren-

-

sion strength, and pin adhesion than combined boards fabricated it

Burcopean linerboards

(2} The combined boards made vith U.S linerboards gave lover values of

T R A E R TROREE

e

bursting strength (4 to 22%) and flat crush than corresponding

combined boa.ds made with Buropean Linctboards

, D, Linerboard Charac-2ristLcs

V (1) Frneo Cuiscit lineiboard exhibited lower baosils welgabl, calioe:,

tearing sireaglh, torsion tear, puncturc, ring compression, Tabor

stillness, machine-direction stretch, and machine-dicection 1 P.C.

Py

T

bond strength than U, 5  linerboard On the other hand, Thneo Guesc L

5 Faru

Linerboard d:splayed higher bursting sticength (approvimatcly 199)

i S

tensile stiength, cross-machine strebch, modulus of elasticily,

T. A, and cross-machine LLP.C, bond strength than U S, lincirboard

——
[AS
~—

Svenska Celluiosa linerboard displayed Towel Dasls 90 - ,al, cd’ e,

e el R e T

apparcnt dens:iy, tearing strength, torsion tear, punciura, oL,
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A,

compressioﬁ, machine-direction stretch, and machine-direction T.E.A,,
than U.S. linergoard. In contrast, Svenska Cellulosa linerboard
exhibited higher bursting strength (6 to 12%) machine-direction
Taber stiffness, tensile strength, cross-machine stretch, machine-
" direction modulus of elasticity, cross-machine T,E.A., and 1.P.C,

bond strength than U.S. linerboard. |

(3) Enso Guiseit linerboard was less porous, not as smooth and not as
water resistant as the U.S. linerboard. The Svenska Cellulosa
linerbocard was more porous, less smooth and less water resistant

than the U.S5. linerboard.

Comparative Performance at 35.8, 38.0-1b.. Grade Weight level:

The U.S. linerboard exhibited 4 to 8% higher basis weight but 37 to L0%
lover bursting strength than the European linerboard. These differences
are reflected in a higher combined beard weight (3 to 5%) and a lower
bursting strength {18 tc 35%) for the combined board made with U.3. liner-

board.

Box Performance:

(1) . Boxes made with U.S. linerboard gave significantly lower top-load
compression (approximately 7.0%) than boxes made with Enso Gutseit .
‘linerboard. In general, the same trend was noted for boxes made
with Svenska Ccllulosa linerboard; however, the differences were
considerably less (1 Lo 4%). When considered on a unit weight basis,
boxes madec witii Enso Gutseit linerboard gave 11 to 15% higher top-
load compression and boxes made with Svenska Cellulosa linerboard 5

to 10% higher top-load compression than boxes made with U.S. liner-

board.
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(2) PBoxes made vith Fuso dutseit lioerboard exhibited 2 to 6% higher
end-1oil compression sod boxes lubricated with Svenska Cellulosa
linerboard T to 9% lower end-load compression than boxes made with
U8, linerboard. Uhe sam¢é trend is obtained on a unit weight basis.
'Hoqever, on a unit veight basis the differences between boxes made
with U.S. ang Enso Cutseit linerboards increase (6 to 10%), whereas
the difference between poxes made with U,5. and Svenska Celluiosa
linerboards decrease (2 to 5%).

(3) The corner drop results for boxes made with U.S. linerboard are
significantly higher (14.3%) at 50% R.H. but not significantly -
different at 65% R.H. than boxes made with Enso Gutselt linerboard.
On a unit weight of combined board basis, there appears to be no
significant difference at either humidity level. In contrast, the
boxes made with Svenska Cellulosa linerboard exhibited higher (7 to
2u%) corner drop results than the corresponding boxes made with U.S.
linerbszard at bolh 50% and 65% R.H, However, only the results at

H5% R, 4, appear to be significant. The same general trend is
svidernt wher “he resulls are considered on a unit weight of combined
woard tesls.

(k) The drus performance of boxes Tabricated with U.S. linerboard was
signitizancly higher (18 to 20%) than the corresponding performance

ar boxes mads with Enso Guitseit linerboard but not signiiicantly

giif'fersnt from 1he performance for hoxes made with Svenska Cellulessa
inerbserd. The same general trend is obscrved when the results are
considered on & unlt weight of combined board basis.

(5) ©Or an crer-all basis boxes fabricated with U.S. linerboard appear to

ive lower top~ioad compression, slightly lower end-load compression
> & 3 F .}

7
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51Ightly higher corner drop, and higher drum performance than boxes
made witﬁ Enso Gutseit linerboard. The boxes fabricated with Svenska
Cellulosa linerboard exhibited slightly higher top-load compression,
lower end-load compression and about the same drop and drum perform-

- - - ance when compared with boxes made. with U.S3. linerboard.
C. Combined Board:

(1) The combined boards Fabricated with U.S. linerboards averaged about
3 and 5% higher, respectively, in basis weight.than combined boards
made with Enso Gutseit and Svenska Cellulosa linerboards.

{2) The bursting strength of the combined board made with 38-1b. U.S.
linerboard was 18 to 35% lower than that of the corresponding com-
bined becards made with EBuropean linerboards.

(3) 1In general, combined board made with U.S5. linerboard exhibited
higher caliper, puncture, torsion tear, flat crush, and pin adhesion
than the corresponding boards made with European linerboards. dn
the other hand, the combined board made with U.S. linerboard was
lower in cross-machine edgevise compression and flexural stiffness
(expressed as geometric mean). The machine-direction edgewice
compression results on boards made with Enso Gutseit linerboard
were higher than the corresponding results for U.S. boards whereas

the results on Svenska Cellulosa boards were lower.
D. Linerbourd Characteristics:

{1) 'The %8-1b. nominal grade weight U.S. linerboard averaged approximatcly
5% higher in basis weight than the corresponding Fnso Cutscit Liner-
board and about 7% higher than the corresponding Svenska Cellulosa

Linerboard.
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(2) The bursiing strougth of the U.S. Linerboard was approximately 38 to
%0% lower than that of the Buropean linerboard even though the basis
weight favored the U.S. linerboard.

(3) The U.S., linerboard was higher in tearing strength, torsion tear,
and puncture. In addition to the foregoing, Enso Gutseit linerboard
was higher in ring compression, cross-machine Taber stiffness, tensile
strength, modulus of elasticity, T.E.A., I.P.C. bond strength, and
about equal in water resistance. The Svenska Cellulosa linerboard
was higher in cross-direction ring compression, tensile sirength,
stretch, modulus of elasticity, T.E.A., and I.P.C. bond strength and
about equal in water resistance.

(%) The European linerboards were more dense and hence less porous than
the U.S5. linerboard. The Enso Guiseit ljnerboafd was not as smooth
as the U,8. linerboard whereas the Svenska Cellulosa linerbcard was

smoother,
h. Comparative Performance at the 41.0, 42.0-1b. Grade Weight Level:

A, The 42-1b. nominal grade weight U.5. linerbo;rd‘was'approximately 3 and
8% higher in basis weight, respectively, than the Enso Gutseit and
Svenska Cellulosa linerboards. As would be expected, the basis weight
of the combined boards made with U.S. linerboard averaged 2.0 and 4. 8%
higher, respectively, than the combined boards made with Enso Gutselt
and Svenska Cellulosa linerboards. On the other hand, the bursting
strength of thg combined board made with U.S. linerboard was 23 to 30%
lower than that of the combined boards fabricated with European liner-

boards.




TN Akt st o, 2P PR G

Fourdrinier Krart Board Institute, Inc. Page 15
Project 2592 ) Repert Three

B. Box Perlformance:

(L) The boxes fabricated with U.S. linerboard gave significantly lover
top-load compression (8.7 to 11.2%) than boxes made Qith Ensao
Gutselit linerboard. When compared to.boxes méde with Svenska

- - - Cellulosa linerboard, the results on the U.5. boxes were only
slightly lower. When computed on a unit weight of combined board
basis, the boxes made with U.S. linerboard were significantly (6
to 13%) lower than boxes made with European linerboards.

(2) In general, end-load compression on boxes fabricated with U.S.

linerboard was slightly lower than that on boxeé made with European
linerboard; howevér, the differences are not significant in most
cases. When calculated on a unit weight of' combined board basis,
the boxes made with Eurcpean linerboard exhibited significantly
higher end-load compression perfprmance.

(3) In general, the corner drop performance for boxes made with U.S.
linerboard is slightly lower than for boxes made with Eurcpean
Linerboard; however, the differences are not significant in most
cases. The same trend was noted on a unit weight of combined board
hasis.

(4) In general, there was no significant difference in drum performance
between boxes made with domestic and European linerboards. The
same trend was noted when the results were considered on a unit
weight of combined board basis.

(5) On an over-all basis, boxes made with U.3. linerboard gave lower
top-load compression, approximately equal end-load compression,
and approximately equal corner drop and drum performance when com-

parcd with boxes made with Enso Guiseit linerboard. Boxes mude
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with Svenska Cellulosa linerboard were about equal in top-load

: compression, end-load compression, corner drop, and drum performance

) compared with boxes made with U, 58, linerboard.

C. Combined Board:

(1) In addition to higher basis weight and lower bursting strength, the
combined board made with U.S. linerboard was about egual in caliper
and flat crush but higher in puncture, torsion tear, and pin adhesion

when compared with combined board made with Eurcpean linerboards, 1In

contrast, combined boards made with European linerboards were higher

5 in machine- and cross-machine edgewise compression and flexural stiff-

ness (geometric mean).

e et

et

1
% D. ‘Linerboard Characteristics:
ﬁ (1) In addition to higher basis weight, the U.S. linerboard exhibited
§ 20 to 27% lower Eursting strength than the EufoPean linerboards.
? {2) In general, the U,8. linerboard was higher in caliper, tearing
sirength, torsion tear, stretch, and machine-direction I.P.C. bond
§ strength than the Inso Gutselt linerboard. On the other hand, the
f Enso Gutselt linerboard was higher in ring compression, Taber stiff-
| % ness, tensile strength, modulus of elasticity, T.E.A., and cross-
\ g machine I.P.C. bond strength than U.S5, linerboard. The Enso Gutseit
4
{ é linerboard tended to be slightly more dense, much less porous,
) .
%Q rougher and slightly better sized than the U.5. linerboard.
g (3) The U.S. linerboard was slightly higher in caliper, density, tearing

i strength, torsion tear, puncture, and machine-direction stretch ihan

b Sverska Cellulosa linerboard. On the other hand, the Svenska Cellulosa
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liperbceard was higher in ring compression, Taber stiffness, tensile,
cross-machine stretch, modulus of elasticity, T.E.A,, and I.P.C.

bond strength than the U.S. linerboard. The Svenska Cellulosa lincr-
board was lessldense and less porous but rougher than the U.S. liner-

board and nof as well sized as the U,3. linerboard.
5. General Conclusions:

A. The comparative performance of combined board and boxes fabricated with
Eurcpean linerboard was such that the competitive potentials cf Buropean

linerboard cannot be disregarded.

B. The European linerboard appears to be made from a furnish consisting
mainly of Scotch pine, refined to a lower freeness and shorter average

fiber length and presumably made at a slower speed than U,S. linerboard.

C. FBuropean linerboard is made at a lower basis weight but substantially
higher bursting strength than the corresponding grade weighis of U.S5.

Linerboard.

D. The superiority of the Eurcpean linerboards in bursting strength is not
rellected in a correspondingly high box performance relative to U.S.

Linerboard.

E.  Box compression iz shown to be far better related to combired board

cdpgewvise compressicon and [lexural stiffness than Lo bursting strength.

F. It is believed that the properties of Furopean linerboard responsible
for its competitive potential is not bursting strength buc the level to

which Ghe more Lasic mechanical properties such as edgevise compression,
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cmodulus oif claslicily, téensiie strength, ete., develop concomitantly with

bursting strengti.

G. The rough handling performance of boxes made with Eurcpean linerboard

was considérébly better than would normally be anticipated from the tear-

ing strength characteristics of the linerboard and corresponding combined
board., In ferms of rough handling, the lower tearing strength is compen-
sated for, in part at least, by substantially higher tensile and energy

absorption characteristics compared to U.S. linerboard.

H. Ip general, the combined boards made with Furopean linerboards exhibited
lower pin adhesion strength. This is believed to be due to the generaily
less porous structure of the Furopean linerbogrd and hence it would be

: ~ expected that greate; difficulty would be encountered with bonding on

5 the corrugator with European linerboard especially at the higher speeds.

E I. As would be expected, the test results at 65% R.H. (European standard
condltions ) vere lower for those tésts inQolving stiffnes; but higher
for those involving encrgy absorption or work than the results at 50%
R.H, {U.S. siandard conditions ). The effect of relative numidlity was

about the same for European and U.S. linerboards.

J.  On the basis ol the coelliclents of variation which were determined for

a solected number of Lest properties in order to compare the unilormity

Saeda LB

- Tenl

of' the U.5. and Duropean Llincrboards, 1t was concluded that the U, S,

« Linerboards were penerally slighbly more unifcorm Lhan the Rupropean linetr-

hoards.,

DomETaTy
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6. Comparative Performance of Boxes Made with European Linerboard
A Box Performance:

(1) AL the 25 6-1b. grade weight level, boxes made w1ﬁh gnso Gutsext
linerboaxd géve-equal or slightly higher top-load compression, lower
cnd-load compression, and slightly higher ¢orner drop and drum per-
formance than the boxes made with the corresponding grade weight of
Svenska Cellulosa linerboard

(2) At the‘50 7-1b grade weight level, boxes made with Enso Gutseit
linerboard gave equal top-lcoad compression, lower end-loafl compres-
sion, lower corner drop and drum performance than hoxes made with
the corresponding grade weight of Svenska Cellulosa linerboard.

(3) Boxes made with Enso Gutseit 35 8-1b, linerboard gave slightly
higher top- and end-load compression, but lower corner drop and
drum verflormance than boxes made with the corresponding grade welght
of Svensha C=2ilulosa linerboard

(%) Uhen the perZormance of boxes made with 41 0-1b  Furopean liner-
boards 1is cornsiderel, Lhe boxes made with Enso Gutseit linerboard
gave slightl highev top- and end-lcad compressicn and about the
same corner drop and drum performance when compared with boxes made
i1th the corrssponding grade welight of Svenska Cellulosa

(5) On an over-all basis, boxes made with Enso Gutseit linerboard tended
to give slighwly higher top-load compression at all grade weight
levels, oligl L1y Lo ey end-load compression at the 25 6 and 30 7-1b
grade veighi level bul slightly higher end-load at the 35 8 and W1 0O-
h o ograde weight levels, and equal to lower corncr drop and drum

gertoimance en corpared with the corresponding results tor boxes

made trith Yveroqi-a Celluloza linerboards
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T. Compurative Performance ol Ooubined Bood alod boa o Mede with 23-1b. uand

26-1b. European and 26-1b. U.S. Corrugabing bediwn:

.A. Box Performance:

. . (L) In general,-the boxes made*with>23-1b. European bo}rugating“medidm

exhibited equal or slightly lower top- and end-load compression and
lover corner drgp and drum results Lhan the corresponding boxes made
with 26-1b. U.S. corrugating medium,

Reducing the medium weight from 26 to 23 ib. is approximately a 11.5%
reduction in medium weight. When box performance was computed on a
unit weight basis, the boxes made with 23-1b, Buropean medium gener-
ally gave higher top- and end-load compression performance but lowef
corner drop and drum performance. |

In general, the boxes mede with U.S. linerboard and 23-1b. and 26-1b.
Burcpean mediums exhibited slightly higher top-lcad compression than
boxes made with U.S. linerboard and 26-1b. U.S. medium. Boxes in
this prhase made with 23—15. European mediws gave lower end-load
compression and those made with 26-1bh. Kuropean medlium higher end-
load compression than boxes made with 26-1b. U.S. medium. The
differences noted above For bobh top-load and end-load were not
believed to be signiticant. Rough handling performance of boxes

made with 25-1b, and 26-1b, EBuropeszn mediums was lower than that of
boxes made with 26-1b. U.S. medium. There appeared to be no signifi-
cant dilflerence botween the prough handling perlormance of boxes made
with 23-1b. and 26-1b. European mediums.

The 23-1b. Buropean mediuwn was made trem a [uimish consisting of

approximately 85% hardwood (birck) and 15% sof'twood (mainly Scotch
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pine) refined to a substantially lower average fiber length than
the 26-1b., U.S. medium which was made from a furnish of approximately

85% hardwood (gum) and 15% softwood (southern pine ).
---- B. Combined Board Perfcrmance: - . --

(1) The combined boards fabricated with 26-1b. U,S. corrugating medium
were, on the average, 3 to 5% higher in basis weigh£ and higher in
flat crush, puncture, torsion tear, machine-direction edgewise com-
pression, and pin adhesion than combinéd boards made with 23-1b.
Furopean corrugating medium. On the other hand, the combined boards
made with 26-1b. U.S. corrugating medium were generally slightly
lower in bursting strengtih, cross-machine edgewise compression, and
flexural stiffness., .

{2) Combined boards made with 26-1b. U.S. corrugating medium generally
were higher in torsion tear but slightly lower in {lat crush,
flexural stiffness, and edgewise compression than combined boards
made with 26-1b. Eurcpean medium. The basis weight, caliper,

bursting strength, and puncture results were approximately equal.
C. Corrugating Medium Characterlstics:

(1) As would be gxpected, the actual basis weight of the U.S. corrugating
medlum was approximately 12% higher than‘that of the 2%-1b. European
corrugating medium but about equal to that of the 26-1b. European
corrugating mcdipm.

(2} The caliper of the 26-1b. U.S. corrugating medium was approximately
L% higher than the caliper of the 2%-1b. Buropean corruguting mediwn
and 6 to 13% higher than the caliper of the 26-1b. European corrugab-

ing medium.
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(3) The denslity ol tue Jo-lo. U3, and 25- .

European corrvugating
mediume were equol whereas the deasity of the 30-1b. Buropedan
corrugating medium was 4 to il% higher.

(k) The'26—lb. U.S. corrugaﬁing medium exhibited a slightly higher

~ - - Concora- 'lat crush at 50% R.H. and sliéhtly lower Coﬁcoré fiat
crush at 65% R.H. than did the 26-1b. Europeaé corrugating medium.
Compared with the 23-1b. European mediu@, the Concora flat crush
of the 26-1b, U.S. medium was considerably higher (16 to 18%) at
both 50 and (5% R.H.

(5) The water drop test was markedly lower Tor the U.S. corrugating
mediﬁm %han For the European corrugating medium; this difrerence‘
may accownt in part at least for the iower pin adhesion results
obtained on boards made with European corrugaling mediums. —

(6) The 26-1b. U.S. corrugating medium.was more porous than the 23-1b.
Furcpean medium but less porous than the 26-1b. European medium.

(7) The 26-1b. U.S. corrugating medium oxhibited higher tearing strength,
torsion tear, puncture resistance, and stretch than either the 25- or
26-1b. Buropzan corrugating mediums. However, the-European med Lums
vere generally higher In ring compression, tensile, and modulus ol
elasiicivy inan the U.5. 26-1b. co?rugating medium. Taber sbiifness
way lower ox the 23-1b. Buropean medium but highef on Lthe 26-1b.
Europesn medium when compared vith the Taber stiffness on the 26-1b.

U.S. corrugating mediunm.
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INTRODUCTTION

Throughout the containerboard industry in the free world today, two
distinetly different philosophics are practiced relative to containerboard
quality. These two philosophies are undoubtedly économically drieﬂted and.difféfd
in respect to the importance of weight and bursting strength to box quality. As
a result cf regulatory end-use requirements in many of the European countries,
advantageous wcod species and manufacturing economies specific to the Scandinavian
countries, Scandinavian unbleached kraff containerboard is characterized by low
welght and high bursting sirength relative to the corresponding competitive grades
¢t Icurdrinier unbleached kraft linerboard maée in this country. In certain
Eurcpean countries, notably West Germany, the regulatoryrequirements specify only
bursting strength; thus, the weight of'the linerboards is discretionar&. In
contrast, the regulatory agencies in this country require a épecific minimum
level of bursting strength at a given minimum weight level. The level of burst-
ing strength in this country is considerably lower than its corresponding European

counterpart,

The European philosophy of manufacturing linerboard at a higher bursting
nbrength and lower waighit places a burden on U,S5. linerboard exportation to those

coungries where veight is not considered a factor in containerboard quality.

Listed belev are the standard basis weights and minimum bursting strength

fueranteed by Enso Gutseit, Finland, which became effective January 1, 1961 (i)

. - i g b i i
Y gmnd s, BT ks 1 - Tk Bt Ligr A bt 2 i 2L LR

Pl il

when they switched [Irom billing on a tonnage basis te a square meter-basis to-

nther with the correzponding domestic minimum basis weight and bursting strength:
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Basis Weight 3 Bitsi rogr Surengli
Scandinavian U.8. Seand bnavian 1.5,
g./M2 1b./M sq.ft.  1b./M sq.ft. TRy foquem. pLs. . DI
125 25.6 26.0 6 85.3 65-75
: 1; 150 30.7 33.0 8 113.8 75-80
_' 175 35.8 . 38.0 - - 9 128.0 90-95
, 200 41,0 42.0 Q.4 133.7 105-110
i
225 h6.0 -- 9.6 136.5 --
250 51,2 -~ 9.7 138.0
300 61k - 9.9 140.8 -

The above standard basis weights and guaranteed bursting strengch spedifications
are also met by the kraft containerboard mills in Norway and Sweden, The Scan-
dinavian'specifications are based on 65% R.H. at 68°1, wheveas the U.S. equiv-
alents are based on 50% R.H. at 73°F.; thus, the standard basis wéight values

listed above will be slightly lower at 50% R.H.

U.8. linerboard could be made to the same specificatiors as Scandinavian
linerheards; however, this would require modifying-current manul’asturing practices
vhichs, -coupled with less advantageous wood cpecies, would adversely intluence
costs. Moreover, it has not been demonstrated that boxes rabriczted with Scan-
dinavian linerboards, manufactured in keeping with the high Mullex philosophy,
necessarily perf'orm better than boxes fab;icated with domestic linerboards manu-

factured according to current practice and specificabions,

As o rvesult of the foregoing it appearcd worthwhile and Zimely for the
Fourdrinier Kralt Board I[nstitube to study the comparabive performance of combined
%

By
ﬁ hoards and boxes made with components manufactured according Lo thz two afore-

mentioned philosophies.
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Phase T of the Comparative Performance étudy was initiated at The
Institute of Paper Chemistry on behalf of the Fourdrinier Kraft Board Tnstitute,
Inc., for the purpose of ecvaluating the comparative performance of combined board
and boxes made from both Buropean and domestic components, manufactured according
to their traditional specificéfions, and fabricated by a United States‘éonverte;.
The Comparative Performance Study as initially outlined involves two phases -
Phase I, as described above, and FPhase II, which is concerned with the fabrication
and cvaluation in Europe of combined board and boxes made from the same lot of
component materials. This design or arrangement permits Fhase T to-be undertaken

und, which, il successful, could then proceed logically intc Phase II.

The scope of Phase I relative to material combinations is shown in Iig.
L. This represents a significant enlargement 6f the scope as originaliy proposed.
Tt may be noted that Phase I involves the fabrication of four weights of domestic
linerboard — 26, 3%, 38, and 42-1b. — and four competitive weights — 25.6, 30.7,
35.8, and 41.0-1b. = of Buropean liners, from each cf two manufacturers, with
both 26-1b. domestic and 23-1b. Buropean semichemical corrugating medium into
A- and B-flute combined board and boxes., In additlon, the four domestic liner-
bogrd samples were fabricated with a saﬁple of European 26-1b. semichemical

med ium into A-flute combined board and boxes.
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Nominael Grade Liner Weight - Nominal Grede Medium Welght

25.6-1b,
26,0-1b,
25.6-1b,
30.7-1b,
33.0-1b,
30,.7-1b,
35.8-1b.
38.0-1b,
35.8-1b,
41.0-1b.
42,0-1b.
41.0-1b.

25.6~1b,
26.0-1b,
25.6-1b,
30.7-1b,
33.0-1b,
30.7-1b,
35.8-1b,
38.0-1b.
35.8-1b.
41,0-1b,
L2.0-1b,
41.0-1b,

26.0-1b.
33.0-1b.
38.0-1b,
42.0-1b,

Enso Gutseit
u. s,
Svenska Cellulosa
L] "
U, S,
Enso Gutseit
n "
u. s,
Svenska Cellulossa

fn "
U, §,
Enso Gutseit

26-1b, U, S, A and B Flut.

Enso Gutseit
u, s,

Svenska Cellulosa
;] L]

u. s,

Enso Gutsgeit
n [ ]

U. s,

Svenska Cellulosa
L] o

23-1b. Buropean ‘A and B Flute

U- S.
Enso Gutseit

U, S,

26-1b. European A Flute

Figure 1. Phase I — Material Combinations
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FABRICATION AND EVALUATION

The fabrication was carried out on one corrugator, Menasha Corporation,
Menasha, Wisconsin, and the same cohditions vere used where possible. Starch was
. used as_the adhesive and the combined boards were made into boxes (RSC) size
lli-}/h by 8-3/16 by 9-3/4 inches. A portion of the.boxes of each sample was
stitched and the balance was taped. This size box corresponds to a No. 24, 18-
oz, Juice centainer. The size was selected so as to comply with the carrier

specifications both here and abroad for boxes made with 25.6 and 26.0-1b. liners.

‘The domestiec linerboard and corrugating medium manufacturing specifica-
tions were selected so as to be representative of the general or average quality of
board currently produced in these particular grade weights. These specifications

were as follows:

Linerboard Specificationsa

Nominal Linerboard Grade Weight Levels

26-1b. 3%-1b. 38-1b. he-1b.

Test property

Bursting strength, p.s.l.g. 75 95 105 110

Bursting strength, factor 2.9 2.9 2.7 2.6
lodified ring compression

M.D., 1lb./in, 13.0 16.5 19.0 20.6

M.D., f{actor 0.50 0.50 0.50 0.49

C.D., lb./in. 10.7 13.2 15.2 16.8

C.D., lactor 0.h1 0. %0 0.L40 0.h0
Tearing strength

M.D., g./sheet 182 238 285 32%

M.D., factor 1.0 7.2 7.5 7.7

C.D., g./sheet 198 267 315 378

C.D., factor 7.6 8.1 8.3 3.0

& \ -
Conditloned at 50% R.H., T3°F.

ey .
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vorrugal tog Medtumn Speciliration
Ueighl, b /M g !t ol o

Modafied ring compression

¢.D, 1b./1n. 2.
C.D., factor 0 L3

. - Cencera flat crush; p s L. ) 3870
Concora flat crush, factor L 46

4Cond1tioned at 50% R.H., 73°F.

As previously meantioned, two sets of Furopean linerboards vere sclecled

These were Enso Gutsert (E.G.) of Finland and Svenska Cellulosa (S5.C.) of Sweden
N 3

The 23- and 26-1b semichemical corrugating mediums came f[rom Fiskeby and Finnkar-
ton, respeciively Tn order to maintain as great a degree of anowyymily as pos-
s1ble, the European components were obtalned via an European affiliate of Coniainer
Corporation of Ame:ica thiough the efforts of Mr BSpachner  The materials weie
ordered by and delivered to the affiliate company which 1n turn reshipped the
materiais. A suflicient quantltx of materials, both domestic ang Torer,n, wcie
obiained Lo carry out Phase IT, 1f 1t 1s decmed advisabie  The aomestic compou-

cnts are currently in storage at Appleton, Wisconsin, and the -Buropean cemponenls
B 12 » y

1n Hzmburg,. G2:1many,

The boxes, combincd boards and compenents resulting fror the tifty-twvo
dilferent material combinations described in Fig, L vere evaluated at Lo atmos-
pherte conditions, one representing standard conditions in Lhis country (50%
setacive hum Sily al 73°F. ) and the other representing <tandard coadilions i

Eur.pe (65% r=lative humidity at 68°F. ).

Pricr to evaluation, each box, combined board and comporent cawple wvas

. ‘

randomi7ed and preconditroned [o1 28 hours 1n an atmosphere mainia cd at Dok
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relative humidity at (3°F  After the prescribed preconditiconing, each sample
was conditicned n the respective standard conditions 1or at least 48 hours and

then tested 1n the same atmosphere.

o _ The expcrimental bo« samples vere evaluated for the two general clas-__
si1tlcations of box periormance — namely, 1eslstance to compression and rough
handling. Compression resistance was determined by means of top- and end-load
compression tests, After precenditioning as described the boxes were condliticned
in ihe selected standard atmosphere for 24 hours, and then the boxes were sealed,

After sealing, the boxes were allowed to condition for an additional 48 hours

prior Lo testing.

The rough handling resistance of the fifty-iwc box samples was evaluated
hy means of the drop test (12-1nch corner drop) and the drum test (7-foot revolv-
g drum). Only the boxes made with a stitched manufacturers Joint were used
tor the rough handling tests. After preconditioning, each box specimen vas
conditloned for 24 hours 1n the selected standard atmosphere and then the
nottums were sealed and the box loaded with twenty-four 12-o02. Julce cans filled
{one 1mch from top } WLth‘Hdler The wveight of the tventy-four filled cans was
"3 o5 pounds, thus, the gross vweight of the test specimen was Just over 20 pounds
Arder tilling WLLA cans, tob closure was made by sealing and the thus assembled

5t sheeimen was al lowed to condition for an additional U8 hours in the sciected

Slandard atmosphere and theun tested,

The combined beasd lest wpecimens vere ail cut Lrom the knook-down

e es. The combined board tesls run and the procedurcs used are listed below.
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Test

Bas s weishi

Calipor '

Bursting «ircngth

Puncture

Torsion toir

Colwnn eoapression
o Mlexural- onifness -

lat cerunh

Pin adhe:inn

O PN O EV D

During the fubrication of the fifty-two different material combinations,

fPoedeinior Keal™ Buaed Dhauinowe, ne.

Me Lhod

T ELO

IEC g0l
IPC 906
T 80%

IPC 913
IPC 919
IPC 920
IPC 911
TPC 91k

Projecl 2592

Numbe e of Tests

LOOG sq. Lo

10

10 (5 up; 5 down)

18 (5 each way)

10 in; 10 cross; (lap score
10 each way

107 each way

10 each way

6 (3 up; 3 down)

sample strips the rull width of each componeni roll were itaken at the start and

end of ecach material combination.

The start and end samples of ecach component

f'or each material combination were tested separately and the test results aver-

aged to give a characterization of the quality of the components used in each

material combination. The properties of the components measured at each ol the

two atmospheric condilions are given as follows, together with the procedures used:

L. Basis welight

2. Caliper

3.  Apparent aens ity
h,  Eysting sooengti
5. FBlnendorl -—ocaving

strength
6. Toesion tear
. Puictures
6. lodified riung
G, Teber stiifaeos
10, Tensile
1L, Supobel
12, Modulus ol slasticity
13, Tensile encypy absorp-
tion or work
Ih,  Transverse vond strength
5, Purosity
16, Sroothness (Bendsten
smoobhne:.s )
Y. Cubb slize

T 410
T 411
T L1l
TPC 906

T h1h
IPC 913
T 80%
[PC 918
T 489
T o

T kGO

T hil

1000 sq., in.
10

10 (5 up; 5 down)

10 each way
10 each way
10 (5 each way)
10 each way
10 each way
10 ecach way
10 zach way
10 each way

10 each way
5 each way
z

P

5 (felt side)
p)

Fuprther, for the purpose of obtalning a rough comparison of the tyne

el Furnish aud Lhe d=pree of refining, ecach component materlal was subjected Lo
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fiber analysis, specie 1dentification, and fiber length In addition, Canadian
freeness determinations were made on a sample of each component, The freeness

determinations vere made as follows

TThé sample of cofipdrent (lifier 6r médium) was conditioned at” 50%
relative humidity to constant weight. A total of 26 grams of fiber was weighed
out and torn into small pleces (dpprOleately one 1nch square). The thus pre-
pared bgard material wvas then socaked 1n 500 cc of water at room temperature

Cor 4 hours At the end of the 4 hours, the water-soaked material was trans-
lerred to the PBritish disintegrator and water added to give a total mass of

2000 grams. The steck was disintegrated for 75,000 revolutions and then daluted
Lo 6000 cc  The consistency of the slurry was determined and a volume equivalent
to 3 grams of fiber vas removed, diluted to 1000 cc., and the Canadian standard

treeness determined  The classification of the components as to specie, fiber

content, fiber length, and freeness of defibered board 1s given in Table I.
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' PRESENTATION AND DUISCUSSLION OF RESULTS

:

{

[ I. LINERBOARD RESULTS
! A Background
|

'

As previocusly mentioned, two markedly different "quality" philosophies
are active 1n the container industry today Scandinavian containerboard, which

1s one of Europe's main sources of virgin component material, 1s manufacturecd to

higher bursting strenglh and lower weight levels than the corresponding compelbiiive

grade weights in this country. Because of practice and custom associated with
5 shorter hauls, less emphasis on compression, etc., approximately 90% oi European
needs for linerboard are satlsfied by three grade weights — 25.6 (125 g./sq m. ),

30 7 {150 g /sq.m ), and 55.8 1b./1000 sq. ft. (175 g./sq m.) {(2). A small per-

s el T

centage of 11.0 1v. (200 g./sq.m ) linerboard is produced, hovever, the main

competiticn 1s 1n the lower three weights

ST

|

E

5 Because adoption of European practice and specification in the manu-
% facture of U.S. linerboard for export to Burope would significantly increase

s

4

5 cost, and equally important, because numerous Studics (éfi) have shown Lhal

hursting strengih by Ltself 1s a peor critericn of guality, a study of the com-

parative pervformance of combined board and boxes made with both Eurcpean and

P el v -

domestic componencs was undertaken  As previously described, the main s tudy Ln-

volved the {abrication of four grade weights of lincrboard from two Rurcpean
. sources (Enso Cutseit and Svenska Cellulosa) and one domestic source witl 23-1Dh
i (112 g /oq m ) Scandinavian semichemical and 26-1b. domestic semichemical cotrru-

b gating medium 1ato A- and B-flute combined board and boxes.

It should be boine in rind in interpreting the results of thas otudy

et

that the date are based on only one <ample of domestiic and two samples ot

R Ear e e
= 5
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%

Furopean linerboard at each grade weight. Therefore, the comparisons of perform-
ance arve valid only to the extent that the three linerboard samples at each grade
weizhi level are representative of the guality levels being maintained by the U.S.

and Faropean industries. | ) o ) . o ) |

Beisore comparing the combined board and box performance Lt may be help-
ful! to consider the disparity in weight and bursting strength of the Furopean and

domestic Linerboards. The respective results are tabulated in Table II,

TABLE IT

COMPARISON OF LINERBOARD WEIGHT AND BURSTING STRENGTH

at 50% R.H.
Basis Weight
| Dify., ©ODiff.,
- a g
Grode u.s. E.GC. % S.C. ;
Hominal, peade 26,0 25.6 -1.5 25.6 -1.5
Obscrved pgrade 28.0 26.5 =50 26. 7 -4.6 :
BR T dowbon, peade 3%.0 30.7 ~7.0 30.7 -7.0 3
3. Uhuerved prade 55.0 31.8 -9.1 31.0 -11.h
r : Hominut prade 8.0 55.8 -5.8 35.8" -5.8
3 Qoservad preade 39,1 37.4 -5.1 36. 4 -7.6
K B
‘ Buowmirnd rade bp 0 L1.0 -2.4 41.0 -2.L
i e oo srade ho 8 hi.6 -2.8 35.6 -7.5
: 5
i Burs ting Strength F:
- 0, 0-1b. 72 100 +38.9 106 +h7. 2 "
7= 55.0-1b, 105 1ok +18.1 112 6.7 5
- 33.0-1b. o8 136 +38.8 136 +38.8
- 1 0-1b. 115 146 +27.0 157 +19, 1 i

3. as refeorence,

.
‘.'1-.“,- iy oy A T
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i ' A pumber U S crses are v rdenl fron the deto o raaiabed o o
i Lt my be obscrved (hot oo nbe tosay of aoming i areads weighis the grontest g
! parity between the domestic and European linerboards is at the two middle grade
i

. weight levels — i.e., %0.7, 33.0-1b. and 35.8, 38.0-1b. The least disparity is ,l
} . at the lovest grade weight level.” In all bui one case, the actual or observed
linerboard weight exceeded the corrcsponéing nominal grade weight. The degiee l
to which the nominal grade welight wus exceeded is in géneral greatest for the
domestlc linerboards. The cobserved differences in linerboard weight between the

domestic -and European samples are in most cases greater than the differences in

t the nominal linerboard weights. In general, the linerboards [from Svenska Celiu-
[ iosa are lower in weight than the corresponding grade weight from Enso Gubseit.
} .

i

; [t may be further cobserved that even though the. Buropean linerboards are lcwer

in weight they are considersbly higher in bursting strength than the domestin

linerboard.

'

Vith the above as background, it may be appropriate now to consider

the results obtained on the combined board and hoxes fabricated with domestic

and poropesza Linevboards, TG may be recalled that L program involved Lhe

Puortealion of one domgssice and two Buropean linevhoards ol each of Coov
"Compatitive"” Linerboard grade weight levels, At each level, each linerboard

was [sbricazed with R206-1b. domestic and 23-1b, Europeaun semichemical medium in:c

S vt 3§ N A P o A i YO

A- and B-{tute boxes. Thus, ab each weight level each linerboard was used in ile
rnbrlcaﬁiou o' four combiued boards varying only in type of medium or {lute.
[rzeauss of re limbied pumber of Linerboard samples and the fact that each
Pinerbraed Leaplte o wans davolved o the same {our material or structurnl combina-
tionn 2t eazh pgrade weight level, the data have been assembled on Lhe rollowing

basis [or

the purpose of showing the comparalive pertformance:
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1. Linerboards fabricated with 26-1b. domestic medium into
A-Tlute combined board and boxes.
2. Linerboards fabricated with 26-1b. domestic medium into

s B-flute combined board and boxes.

- —_ - - -

3. TLinerboards fabricated with 23-1b. European mediuwm into

NS

A-flute combined board and boxes.

TR

h. Linerboard fabricated with 23-1b. Kuropean medium into
B-flute combined board and boxes.
5. Composite averages of A- and B-flute combined board

and boxes.

B, Compucative Performance of Boxes Fabricated with U, S.
und FBuropean Linerboards ‘

L. Compression Performance

e

o P e D R R R A S e T DR

;%_ : The box compressicn results obtalned at 50 and 65% R.H. are tabulated

s~

S0 ki Tables TI1 and 1V, respectively, and illustrated in Fig. 2a, The results
,  Wbilunied in Tables IIT and IV have been analyzed statistically (see Appendix

ror procedure) for the purpose of determining whether the differences in com-

ettt sverapes are significant an the 1 and 5% levels and also for the purpose

Tt e W e et e

. . . . . . . . 1 .
BE weclermining the 5% confidence limits shown in Fig. 2 at each level of liner-

Lot - Lpzhi.,

- — Sl b T
i '_-J.‘-.‘—g‘é?p,gg.-,.xmv- e T b T

Whmn the top-load hox compression results are considered 1t may te

in

fertoaond oade weight level, Lhe boxes made with U.S. linerboard exhibit

A
WA - e e : - .
.%%ﬁr SR nverape box compression ab 50 and 65% R.H. than do the boxes made with
oty .

Bron Gune i

or Svenska Cellulosa linerbosyds. The top-.ioad compression results

i i@ﬂﬁ'th& Gy . . .
i AT CeRet made with U.S. linerboard and tested at 50% R.H. are approximately

hi;.’i)..l.

Lhon the corresponding resulis [or the boxes made with Furopean
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linerboards, the differences dare statlstically bigniflcant ot the L% level ln

L
'

other words, differences such as shown [or composite averages could occur by
chance only one out of a hundred times At 65% R.H. the compeosite average dif-
ferences were 2.1 and 7.5%, respectively, for the boxss made with Enso Gutsecit

and Svenska Cellulosa linerboards. The difference between the resulis for the

*

bbxeé.made with U.S and Ensc Gutseit linerboards 15 not significant whereas the

corresponding difference for the Svenska Cellulosa linerboard 1s significant

t

At the 30 7 - 33.0-1b , linerboard grade weight level, the composite
average top-load compression results differ by 1.6% or less at 50 and 65% R H
Thesc differences arec iq general too small to be bLermed significant, thus, the
conclusion 15 drawn that at this.level there 1s:no sign:ificant dafference in

*

“box compression due to typé of Iinerboard.

When the results at the 35.8 - 38,0-1b. linerboard grade weight level
are consldered, 1t may be seen that the boxes made with Enso Gutseit linerboard

%

exhibit top-lead compression results at 50 and 65% R k. vhich were 7 4 and 7 1
higher, respectively, than the boxes made with U.S, Llinsrbeard These Jiffer-
ences are found 1o be large enough Lo reprecent slgdlflcant differences at the
1% level. The corresponding results for the boxes mace with Svenska Cellulosa
are alco higher (1.0 and 4.1%) than the results for i{rs boxes made with U S,

linerboard — the 1 0% difference 1s not significant at the 5% level vhereas

the 4.1% difference 15 signiiicant at the 1% level.

At the h1.0 - 42 0-1b linerbourd grade weigl: level the boxes made
with Buropean linerbeards extubit hagher top-load compres.ion results than the
corresponding boxes made with U.S. linerboard The recults at 50 and 65% R.H

are, recpcctively, 8 7 and 11.2% higher tor the boxes rade vith Enso Guiseit

# lineiboard and 2.7 and 1,6% higher for the boxes made il Svensha Cellulosa
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linerboard than the corresponding boxes made with U.S linerboard The dirffer-
cnces obcerved for the boxes made with Enso Gutseit linerboard are found Lo be
signilicant at the 1% level  The difference {2.7%) noted for the boxes made

v1th Svenska Cellulosa linerboard at 50% R.H. 15 significant whereas the difter-

PO b — = T - = -

ence (1.6%) at 65%-R.H, 1s not-significant. - . -

On the basis of the compression results obtailned on the boxes fabri-
cated an this study, 1t appears that at the lowest linerboard grade weight the
boxes made with U,S3, linerboard exhibit higher top-lcad compression than the
boxes made with slightly lighter weight but higher bursting strength Eurcpean
Linerboards At the 30.7 - 33.0-1b  linerboard grade weight level the top-load
compressLon 1s the same for the boxes made with U,S. and Furopean linerboaids —
that 18, there 1s, i1n general, no significant difference in the results At the
55.7,'58:d—lb and k1.0, 42.0-1b. linerboard grade weight levels, the boxes made
wvith Enéo Gutsell linerboard exhibit saignificantly higher compression resulls
than the corresponding boxes made with U.S. linerboard. When the results for
oo made vith U S, and Svenska Cellulosa linerboards are compared, Lt may be

e that, 1 general, the U 3. box results vere either only slightly lover ox

qurl an the basis of composite averages,

It was pointed out earlier that one of the characteristic diffcrences
totveen domestic and Buropean fourdrinier kraft linerboard 1s the bursting
rength-velght ratic  European (Scandinavian) linerboard ie manufactuicd at
cnomninal grade veight 1 5-7.0% Lover than the cortesponding U.S. linerboard but
@ substan.ially higher buwisting strength (10-35%) The Buropean practice of
Teline bu e lower weight places U S contalnerboard in o difficult position 1n
" .porl market because of the difference Ln sguare footaze per ton Accord-

Pooin ooider Lo compare the performance on an cqual verght bas s the tesults

tidbited in Tables ITT and IV have been converted to a unit welght ba.ie by
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2 RTINS oo cir corvesponding combined board weig)

winlon resulte

w100, ' .
; )0, Pl . apreseion resulbs dre expreused as bl

Fhe colealz—o

~ 7 combined bouard weight. The resultis

YA [ .
OMPrC G ey 100 pIoott L

wright g, fpe presentes o rables V.and VI and graphically illus-

T DA Wiy g, top-loas =, ~ompression results at the 25.6, 26.0-

RS FI T TETH I

Sonunit combizzd nnzod welght basis, i1t may be seen Lhatl

TR oL

© Y linerboard &

Lhe corresr.silzz boxes made with European linerboards;

douts. Lt the @iff=r=s=es noted are significant. In other

Lo lewes linorboard weigﬂt it appears that the top-load box com-

"Mined board wslzn is not significantly different.‘ Thue

Nt o on a box zzzis is erased when compared on a unit

.

Ty H
(S| . . . .
Ly basis, the z-mpression results obtained on the boxes

0 e i
ok - =ne three other grade weights than tihe

are lower =

-

Do l: s . . . :
LTSN fr. the basis of composite average differ-

i inerboards.
realln o
Av. Difference Composite Avs., %

S0O% R, 65% R. H.
E. . S.C. E.G. S.cC.

";l'.’::!t-_[\f(.i

';'J,‘f_ . .(..’(_5 +6.8 '*'14'.5 +69
2. 8 . +11.1 +5.5 +12.9 +9.5

k
Lo, +1.1.% +9.6 #1301 +6.3

O I“. - . PR . “
| he differencens are significant.” In general, al

rhid, Ironrgs | oy i .
wls ~oxes made with (LS. linerboards ranged from approxindif

b5
- ) - IJ_'H' [aiggnge ot . . ] »
’ s . boxes made with Enso Gutseit linerboards and approil-

mately ', ¢

g ,_["\ oL . . B b
ble .1 boxes made vith Svenska Cellulosa lincrboards.
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The comparative end-load compresz

tic and Furopean linerboards at four

Page U7
Report Three

zizm Terformance oL boxes made with

SiiTavars

zllZlzz linertzard grade weight
jevels may be scen from a comparison of iz z:.17: tabulzted in Tables IIT and

v and graphically illustrated in Fig. 2a.

06, 0-
result on boxes made with U.S. linerboard =

corrcsponding result for boxes made with

1b. linerboard grade weight level tihs

Trio Fitzseit linerzoard and approximately

the same as the boxes made vith Svenska Ca!

nol statistically significant; thus it a

veilght there.ls no difference in end-load

he recalled that at this weight level the

treantly higher top-load compression on a

wilh
HoXes
need
woulz
L be
Lo

))8

Lhe hoxes

:
-
)%

3.5 and 6.6% higher,

Pinerboard boxes,

At the 30.7, 3%.0-1b. linerboard -z

U.5. linerboard exhibit higher end-21

nade with Buropean linerboards.

.

5 on boxes made with Enso Guzzeis

scalistically significant. In

38.0-1b. linerboard grade weight lew

made with U.8. linerboard exhibtl

lover, respectively, at 50 and 55% R.

“ilh Enso Gulseit linerboacd, but 8.9 and

-
et v .

S RUHD than the boxes made with 5erska
srernie ditlerence noted between U.5. and

2z>: Tnat av this

T z2r te seen zhat at the 25.6,
averags cnd-load compression

zzovoximately -.0% higher than the

Sinerpoari. The differences are

Jevel of linerboard

Tix cixpressicn,  In contrast, 1t may
U.Z. Lin=rbozrd tToxes exhibited signi-

T2 welzht ezl the boxes made

respectively, a7 70 i <74

Tinerboard averaged only 2.8 ead 0.8% 1o

These differences are no- =l

results than the

linerboard aver-

< 2.5, Than the corresponding
Liresxiizrd Trzzz iifferences are found
7. ~Tne Toxsz wm2iz with Svenska Cellu-

27 Trngr. The cirresponding ULS,

Ionifisess,  Wran the results at

Z =v: zirzarsi, 1T may be seen that
zri-l:ed oirmzrzzzion resulbs 2.2 and

~rzf mrz ocorrzzyoading boxes made

_ at 50 and

= _:l.ze Liz=cstoexd. The composite

o vzl lirzvioard boxes at 50%
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R.H. is not statisﬂicaLly signiricant whereas Lhg corpm aponding differeice at
65% R.H. ig signifi-ank.,  The average differences noiod belween U8, and Svenska
Celiulosa boxes are signiticant at each humidity. At the 41.0, h2.0-1b. liner-
board grade weight level the boxes made with U.S. linerboard exhibit lower end-
load results on the average than the. corresponding boxes made with Europcan
linerboards; however, the differences noted are statistically significant only

for the boxes mede with Enso Gutseit linerboard and tested at 50% R.H.

On the pasis of the end-lcad box compression results obtalned on the
boxes labricated and eQaluated in this study, 1t appears that at the lowest
linerboard weight level the boxes made with Furopean linerboards exhibit the
same level of egd—load compression as the boxes made with U.S. linerboard., In
contrast, top-load compression at this linerboard grade weight level is higher
Ffor the boxes made with U.S. linerboard; At the 30.7, 33.0-1b. grade weight
level the hoxes made with Enso Gutseit and Svenska Cellulocsa linerboards
exhibited lower end-icad compression than the boxes made with U.S. liﬁerboard.
Ta contrast, there was, on the average, no significant difference in top-load
comprassion strength beiween boxes made wilth Buropedan and U.S. Linerboards. Au
a5, 38.0-1%. linerboard grade welght level the boxes made with Enso Guts=sid
Jinerboard are s_ightly higher in e:d~loaé compression than the boxes made with
1.5, linerboard; vhereas the bLoxes nmade with Svenska Celiulosa linerboard arve
significantly lover in =nd-load compression than the boxes made with U. 5. liner-
board. Relatlve o Lhe top-load cormpression of boxes made with U.S. linerboara,
L Lop~load compress loa of boxes made with Fnso Gutseit linerboard was approxi-
wately (% highor, vboreas Lhal of boxes made wvith Svenska Cellulosa linerboard

ey wdl or Hopher
wun, slightly Fewer.  The end-load compression of the boxes made with Svenska

Cz=llulosa linerboard at the W1.0, 42.0-1b. linerboard grade weight level is not

slzonifilecantly difZerent {rom the results on Lhe boxes wmade with U.S5. linerbooyd,
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in general, the same behavior was noted for top-load z:zcression. The end-load
results for the boxes made with Enso Gutseit linerbozri zvarage L-7% higher than
the results obtained on the boxes made with U.S. lirsrtizz»2, although ioze dilfer-

ences are statistically significant only at 50% R.H. T:z szme behavior was noted

-for bop load except Lhat the dLiferenccs were stati :'J~P“T 31gn1f1caqb =T both

AT

65%RH

\_‘_

In order to adjust for the difference in wzizz-, the end-load compres-

sion results tabulated in Tables III and IV have beex ~:-i=rted to pounds com-
pression per unit weight of combined board. The corprzz:zizn results on & unit
wéight basis are tabulated in Tableg ¥ and VI and greztizzlly illustrated in
Fig, ga It may be hoted that on a unit weight basis 2z 23ults at the 3.6,
26.0-1b. grade weight level appear not to be significerzly Zifferent. This is
the same as was noted earlier when the results were corzerzi on a box basis.

On a unit weight basis, at the 30.7, 33.0-1b. grade-wsizn- “evel, the exi-load
compression results {or the boxés made with Enso Gutzzi- Z:izerboard sre =Toroxi-
mately the same as for the boxes made with 1.3, lire=
that on a box basis, the compression for the U.8. lirzr-:zri boxes vas sizniti-
cantiy higher. The boxes made with Svenska Cellulosz lirzrisard, in zenzral,
exhiti higher end-load compresszion than boxes made wi-. .3, linerbtcz-d to-
cause of the lower weight, whereas on a box basis therz wz: 2o significan:
ditference. When the results at the 35.8, 38.0-1b. zrziz w2ight level ars

vonsidered, it may be noted that on a unit weight basiz <z end-loac¢ zirzrzs-

sion 2o the boxes made with Enso Gubtselt lirerboard srz ziznificant’y nizzs

= I - Ea-a -z “-'1"1
viheress Lhe results for the boxes made with Svenska €=l -ze linerbcz-i z@»a,

O bhe average, lower than the corresponding results 7:r -7z boxes raiz w12 WS,

Pinerimgrd,  The name tresd vas [ound when compared c- 2 =< basis. %o 2 woit

welghy vasis at the 1.0, 52.0-1b. grade weight leve’, =iz Zsxes mace .7l 3nso

3ce cage U5.
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Gutse it and Svenska Uzllulose tinerboards exhiblit higher eni-load compression than

Lthe correspeonding Logee wode with LA, Linzebosrd,  Tne sams trond was neied onoo
{9

box basis; however, the differences were not significant except in one case -

Enso Gutseit Linerboarad boxes at 50% R.IH.

2. Rough Héndliné Pertormance

Rough handling, which is one of the major categories of end-use regquive-
ments, Is evaluated in this study in fterms of corner drop and drum tests. Tor
purposes of this study, the end-point used is the number of drops or falls, as
the case may be, which the box resisted prior to failure as denoted by a spilling
of the contents which in this case comsisted of 24, No. l2-ounce cans filled with
water. It should be emphasized in iﬁterpreting’drop and drum results that these
tests are lmpact fafigue tests and both fatigue and impact ﬁests are charactet -
ized by high variability; thus, it is to be expected that greater differences in
test results may occur by chance than was noted for box compression. Saying it
another way, sreater differences may he expected béfore they are significantly

different,

The drop and drum results obtained at 50 and 65% R.H. are tabula:ed
Lo Tubles VIT and VILL, respectively, and illustraved in Fig. 2b% The drop and
druwe results rave been analyzed by the same statistical Lechnique as was usod
with the comﬁression rosults for the purpose of determining i the composite
averages at a glven grade welght level are significantly different or whether ;
Lha <hmserved il fference ¢ould occur by chance due to thé variability associated

“ihn L omatocials and methiods of evaluat.ion,

It may be noted [rom the results tabulated itn 'Tables VI and VITL and

illustrated in Pig.2b¥% that at the 29.6, 26.0-1b. grade weight level the average :

P

-

dieop resulbs for the boxes ab 50 and 65% R.IL made with U.S. Llinerboard are

Eer e 39,
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slightly lower than the coriesponding results for boxes made with Enso Gutseit
linerboard, howcver, the diffcrences are too small to be statistically sagnifii-
cant The drop results for the boxes made with Svenska Cellulcsa linerboards
are considerably lover at SO_apd 65% R.H  than the cprq?spond%ng‘resulﬁs on_the
UUYéb mdée with U S  linerboaid, hovevei, only the differences at 50% R.H. are
statistically significant. The diop results at the 30.7, 33,0-1b grade weight
tevel for the boxes made with U.S. linerboard and tested at 50 and 65% R H. are
approximately equal to the corresponding results for the boxes made with Enso
(futseit linerboard  On the othcr‘hand, the drop results obtained on the boxes

made wilh Svenska Cellulosa linerboard arc significantly higher, 16.9 and 18.39%,

respectively, at 50 and 65% R H. than the corresponding results obtained on boxes

made with U.5 linerboard.

At the 35 8, 38 0-1b grade weight level there is no clearly defined
trend The drop results on “o.¢s made with U.S, linerboard and tested at 50%
R I arc significantly hagher (1&.3%) than the correspeonding results obtained on
"W boxes rabricated with Enso Gutseit linerboard, at 65% R.H, the composite
"oelages are eqgual Tn contrast, the drop results for the boxes made wilh
wumda Cellulosa linerboard are higher, 6 7 and 2L 0%, respectively, at 50 and
R, than the correcponding resulbs for boxes made with U.S, linerboard,

vy, only the results av 55% R.H, are statistically signaficant, The drop

©onlt.al L0, 42 0-1b  grade veight level for boxes made with U S linerboard

e

» tabothe average, lower than the corresponding vesults for boxes made with

LR
Boocas linerboards,  Hoveve:, only the results for the boxes made with Svencka

-

baioon Linerboard aad tested atl 65% R.H. are statistically higher than the

forge

Saowding results for the boxes made with U S, lincrboard
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Because of tln dinparlty in the weight of Porovean and domest e llie -
Loard the arop test pesngis 'lL”}dL'd ton Tobles Vol ded Vil bave been conventied
to a unil weight basis 1n order that the drop test periormance may he compared
on the sane wveight basis. The drop test results on a unit weight basis are
tabulated n Tables [X and X and 1llustrated in Fig 3bf [t may be-scen that at
the 25.6, 26,0-1b. grade weight level the trend is the same as wa= noted on the
box basis — namély, ihe drop results on the boxes made with Ensc Gutseit liner-
board average slightly higher and those for the boxes made vith Svenska Cellulosa
linerboard lower than the results for the corresponding boxes made with U.S.
linerboard It 1s doubtful 1f the differences are significant, except that o

the Svenska Cellulosa linerboard boxes at 50% R.H., vherein the resulis are

21.4% lover than for the U.3. linerboard boxes

hen the drop results at 30.7, 33 O-Llb. grade weight level are con-
verted Lo a unit veight basis, 1t may be noted that, on the average, the resulis
for boxes made vith U.S, linerboard are slightly lover thar the results for the
boxes made 'ith Fnso Guiseit linerboard. On the other hand, the coriesponding
rasules for The boxes made with Svenska Cellulosa linerbeard average approxims i
- aad 27% "umher ab 50 and 65% R H o These latter ditffevences are believed to

Leolgntoicant

Az 1n the cace of the results at the two weirghl levels descrihed ahone,

b1

adjusting io: weight at the 35,7, 38.0-1b, grade weight level has the effect of
vnogeatint Tw dafference noted on a box basis. The driup resultn on a per untt
Lo T o2 boyes made vith Enso Gubsett Linerboard range Trom an averdge ot
L% tover Lo 5.0% higher at 50 and 65% R ., reopectively, than the correspond-
i pesuitbes Zor the boxes made with U8 linerboa:d The differcnce of Ll 2%

15 probably o othe hordo:line nf significance whereas Lhe % 0% ditlerence 1o 100

—_ .
“See pasoe o,
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. omall to be significant. In the case of the boxes made with Svenska Cellulcss
1merboard, the drop results are 11 2 and 50 0% higher than the corresponding

spoulkts for the boxes made with U.S, lineiboard The«e latter dificrences range

ran borderline significance to pusitive significance

- A e - - - e —— " - - - Ty e -

At the 41,0, 42.0-1b grade weight level there appear to be no signifi-
rart diulferences in the composite average drop Ecst tor the boxes made with
puropean and domestic linerboards except for the boxes made with Svenska Cellulosa
limcrboard and evaluated at 65% R H., the latter results indicating that the boxes
mide wiih Svenska Cellulosa linerboard are better in terms of rough handling than
the corresponding boxes made with U.S, linerboard It 1s difficult to understand
g1 the results at 65% R 0 are significantly different whereas the results at 50%

R Il are not.

The results of the drum tests on the boxes made 1n connection with this
ludy at 50 and €5% R.H, are tabulated in Tables VIT and VILI, respectively, and
cvatncally 1llustirated in Fig Qb% It may be seen [rom the results tabulated in
"1 oo VII and VIIT and 1llustrated in Fuog, Eb% that at the 25.6, 26.0-1b grade
nt level, the boxes made vath U.S. linz_board exhibirted higher averaze dium
b nulence than the boxes made wilh Eurcpean linerboards However, the differ-
e loled were not statistically significant except {01 Lhe boxeo made with
viotla Cellulosa Linerboard and evaluated at 65% R.H. and then only at +he 5%
leve AL the 30,7, 33 0-ib. grade veight level tle drum resulis obtained on
b mude with 0.8, linerbvard ore highsr on the average at both S0 (1% 8%) and
o 0L %) ROIL than the Loxes made with IFnno Guiserl |inerboard. The diiferences
. e salastieally significant Tn contrast, the, results obtalned on boxes made
vl oovenska Cellulosa lincibuard ware o liphily highcr on the averape at bolh 50%
Tl 65% (8 2%) R I, than boxeo wade .t U.S lincrboaid. These dil fercnees
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are not significant, thus it appears that the boxes pade with (LB, Llinerboard
give drum performance approximately equivalesnl fo ulw: Loxes aoue wivh bBvenska

Cellulosa linerhoard.

When the drum results cobtained on boxes made with 3%.7-1b. Huropean
Linerboerds éré gbmpared with thé c;rresponding results obtained cn boxes made
with 38.0-1b. U.S. Llinerboard, Ll may be seen thal the boxes made with Enso’
Gutselt linerboard exhibit significantly lower drwn pevlformance than the boxes
made with U.S. linerboard. The average differences were 18.3 and 20.2%,
respectively, for 50 and 65% R,H, In contrast, the boxes made with Svenska
Cellulosa linerboard averaged 1.8 and 2.6% higher, respactively, ét 50 and 65%
R.H. than the boxes made with U.S. linerboard. These differences, hovever, are
not statistically significant. Therefore, at the 35.7, 38.0-1b. grade welight
level the boxes made with Ensc Guiselt linerboards are signli'lcantly lower, in
drum, performance than boxes Eade with U.8. linerboard. Boxcs made with Svenska

Cellulosa linerboard give approximately the same drum periormance as boxes made

vith U.S. linerboard.

At the kl.d: »2,0-1b. grade weight level, the drum results on boxes
made with Enso Guiseit linerboard average %.7 and 16.3% lover, respectively, at
50 and. 65% R.H. than the boxes made with U.S, linerbecard. The 16.5% dif'ference
is statistically significant whereas the difference of 3.7% does not represent
a signilicant difference, The drum resulbts obtalned on the boxes made with
Svenska Cellulosa linerboard averaged'E.B% higher at 50% R, H. and 9.0% lower atb
6ot R, H, then the corresponding vesullbs for boxen made with U8, Linerbeard.
Neither of these differences 1s greabt enowsh bto repreosent a sipgnilicant dilfer-

ence in drum performance.
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"Because of the difference 1n the nominal grade weight of compatitive
grades Ol European and domestic linerboard, the drum results tabulated in Tables

VII and VIIT have been converted tc a unit weight basis in crder to compare per-

tormance at the same veight. fhe-drum results calculated on a unit wéLgnt bas 15
are tabulated in Tables IX and X, respectively, for 50 and 65% R H and are

rllusvrated in Fig. 3b*.

At the 25.6, 26,0-1b. grade weight level the results obtalned on boxes
tabricated with U.S linerboard are slightly higher than for boxes made 'ith

Iwropean iinerboards. The differences, however, are not considered sigaificant

When the results obtained at the 30 7, 35 C-1b grade weight ievel are
onsidered 1t may be seen that the boxes made wvith Svenska Cellulosa linerhoard
wwerage 15-16% higher at 50 and 65% R.H. than tor the boxes made with U S
lnerboard.  The drum results of the boxes made with Ensco Gutseit linerboard axe

[

o and 10.7% lower, respectively, at 50 and 5% R H

At the 35 8, 30 0-1b. grade weight level the boxes made vith U 3

-

P

oard average 15 2 and 17 0% higher than the reeults for the boxes rade
I w0 Gutneit linernoard, however, these differences are probably borier-
povtemms of sipnificant ditferences in drum periormance on a unit ielzht
The results for boxes made with Svenska Cellulosa lincrboard average

v 7 W% higher than the corresponding resulbs tor U S linerboard bexes,

. ovhese dalferences are not signrficant

The 1esults obtained at the 41,0, 12.0-1L grade veight level <lcn

"T results on boxes made vith .S linerboard average U to 15% highse than

v odbe for boxes made with Enco Qutoeit 1ine:board These Atiloronce ., 4o

cbe not s1pnilicant The correwponding rcoults Lor botes made witn 5 2nska
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Cellulosa linerboard show no significant differences relative to boxes made with

U.8. linerboard.

To provide & convenient synopsis of the preceding discussion, the data

pfesented in Tables TIII through X relative to the comparative performance of box

fabricated vith Buropean and domestic linerboards are swmmarized in Table XI in
terms of the composite average differences at each grade weight level on the
basis of (a) actual box performance, and {b) on a unit weight basis.

C. Comperative Performance of Boxes Fabricated with
! Buropean Linerboards

The results presented earlier for boxes made with Enso Guiseit and

Svenska Cellulosa linerboards have been retabulated in Tables XII-XV in order

to make a direct comparison of their performance.

l. Compression Performance
The box compression results are tabulated in Table XIT and illustrated

in Fig. Lz, Based on the composite averages at each linerboard weight level, it
may be ses=n that boxes made with Enso Gubseii linerboard give equal or slightly
higher top-load compression at the 25,6-1b. linerboard grade weight ieéem, but
lowor end-lead compression than boxes made with Svenska Cellulosa lingrbeard.
The sume gencral brend also applies to the performance ai the 30.7-1b. liner-
board grads weight level., At the 35.8ﬁ1b. and L4l1.0-1b. lirerboard grade weight
levels, bhoxes made with Enso Gutseit linerboard appear to be slightly supericor

2 in terms <l both top- and end-load performance than boxes madse wich Svenska

; Cellulousa Xinerboard.

in order to compare compression perflovrmance on a unit combined board

EEUEC P

4.
L7

weight basis, the results tabulated in Table XII have been coaveriwed o o uni

o Atia -

welght basisz by dividing box compression hy the corresponding combined board
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weight and multiplying by 100 to give compression per 100 pounds of combined

board weight. The compression results on a unit combined board weight basis are

e ey m e

tabulated in Table XTII. Converting the performance rvesults to a unit combined
board weight basis improves the relative compression performance of boxes made
with Svenska Cellulosa linerboard because, generally, this source munufactures

at lower weight levels than Enso Cutseit.

2. Ropgh Handling Performance

The comparative performance of boxes made with Furcpean linerboards
in terms of drop and drum results may be seen from the data tabulated in Table
XIV and illustrated in Fig. 4b. At the 25.6-1b. grade weight level, the boxes

made with Enso Gutseit linerboard exhibit slightly higher drop and drum per-

formance. It is questicnable if these differences are significant except for

LT L., T

drop performance at 50% R.H. The same general trend is observed when the re-

sults are compared on a unit combined board weight bhasis {see Table XV).

W LS PP, L N

R

When the rough handling results cbtained on boxes méde with 30.7-1b.
linerbeard are considered, it may be seen thal the boxes mﬁde with Enso Gutselit
linerboard exhibited siznificantly lovsr drop and drum performance on poth a
box basis and a unit weight basis, The same trend may be observed for the
corresponding results as the 35.8-1%. linerboard grade weight level. At the
L1.C-1b. linerboard grade weight level there appears to be no significant differ-

2nce.

D, Effect of Relative Humidivy

As praviously mentioned, the evaluations were carried out at both
50 and 65% R.H. because dilferent levels cof humidity and Lempersture ai uscd
in the U8, and Burope zs standard conditions. Standard conditions in the U5,

correspond Lo 50% RoH, al 73°TF. whereas in Burope 65% RUIL at SBUF, s usndaed.
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The higher relatlve humidity and lower temperature of the Buropean standard

condlticns result in the board bheing tested at a higher moisture content relative

to ihat associated vith the U.5. standard,

Box compression, as the name_implieé, involves the stiffness character-
spics of the combined board (particularly ultimate stiffness) and it is well
firown that the higher the moisture content of paper or board the lower the
utoimate stiffness; consequently, box compression decreases with increase in
moisture content, Thus, the lower compression results obtained at 65% R.H. are
in ﬁeeping wvith usual experience. The results obtained in this study indicate
that the effect of increasing the relative humidity from 50 to 65% R.H. had

nlrui. the same effect on boxes made with U.S. and European linerbeard,

Rough handling as defined herein, has been found to invelve a combina-
ticn of physical properties - fatigue and energy absorption. It is well known
thnt che energy absorption capacity of paper and board increases with moisture
cosibont,  The observed tendency for rough handling performance to increase with

e in RUH, s, therefore, in accord with expected behavier. Further, the
cobtuined In this study indicate that the change in R.H, in generail had
Wt sase effect on boxes made with U.S. and European linerboard.

o O wavinnng ol the Physical Properties of Combined Boards
Hoeated vith U.5. and FEuropean Linerboards

mm

tha: eflect of type of linerboard on comblned board test propertles
BAY L s

't rom the results tabulated in Tables XVI and XVII, respectively, for

.
T
Pt o,

{t ma, be noted {rom the basis weight results tabulated in
- Yl nrd XVIT and illustrated in Fig. 5 that the combined boards made with
- et rds range from about 2 to 7% higher then the corresponding soumples

SHoetteobean lirerbouards.  For purpose of comparison, the composite average
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differences in basis weight are tabulated in Table %VIII together with the corre-
sponding basis weight results on the respective linerboards. It may be seen that
ab 50% R.H., the basis weight of the combined boérds made with European liner-
boar@s dif?er }essﬁgrom the.ygighp of_thg_com§}ned boards mage with U‘Si liner- B
boards than do the linerboards themselves. The observed differences in linerboard

welght, it may be further noted, are considerably greater than the differences

calculated on the basis of nominal grade weights.

TABLE XVIIT

COMPARISON OF AVERAGE DIF%ERENCE IN COMBINED BOARD
AND LINERBOARD WEIGHT

a « Linerboard Difference, %a
U.5. Nominal Combined Board Difference, % Qbserved '
Grade Weight E. G, 8.C. E.G. 3. C. Neminal

50% Relative Humidity

26.0 ) -2.1 -3.1 e -4.6 -1.5
3%.0 -5.6 -6.4 -9.1 -11.k - -7.0
58.0 3.1 -h2 -5.1 -7.6 -5.8
h2.0 -2.h -4.8 -2.8 -7.5 -2.h

65% Relative Humidity

26,0 -%.% b 0.8 -3 .
55.0 -5.3 -7.1 -9.2 -11..8 --
8.0 -3.3 -5.0 -h.5 -6.2 --
k0 -1.6 b7 -3.0 -8.5 --

.5, combined board and linerboard used as relercnce in caleculating percentage
A e rences
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As may be noted from Table XVIII, the Svenska Cellulosa linerboards
were made to a lover basis welight than the Enso Gutseii linerboards; hence,

the combined boards in general reflect this difference.

As mentioned previously, one of the characteristic differences between,

U.S. and European linerboard is the bursting strength level at whictt the respec-

tive linerboards are marketed. It may be seen from the bursting strength results

tabuiated in Tables XVI and XVII and graphed in Fig. 6 that, as would be expected,

the combined boards made with Furopean linerboards averaged 25 to %0% higher, at

SR AT AN el TID TN m 4 g, e -4
= At e

a 2 to 7% lower combined board weight, than the corresponding samples fabricated

el g

with U.S. linerboards. The greatest difference is at the lowest grade welght
level - 25,6, 26.0-1b. For purpose of comparison, the composite average differ-

ences in bursting strength at each level of linerboard welght are retabulated

et I TN TP

below, The bursting strength results at each level of linerboard weight at
50% R.H. have been stalistically analyzed (analysis of variance method) to

detvermine il the cbserved differences are "real”™ - i.e,, statistically signifi-

TR e ST St T S,

cant. The values in parentheses in the following tabulation indicate the level

Y

2L which the difference is significant; NS denotes that the difference is not

“ significant at the 5% confidence level.

S oA LT e

a
Composite Average Diffevence in Bursting Strength, %

g L. 5. nom?nal 50% R.H. 65% R. H.

3 CGrade Weight . E.G. s.C. E.G. 3.C.

i 26.0 +55.7(.01) +56,8(.0L) Ah1,L 6l g

} 55.0 +20.7(.01) +13.5(.01) 1922, 4 .3
38.0 w3, L(,01) +28.8(,01) +17.9 +28.9
ho, ¢ 4273 h(.01) 25, 1(.0L) +26, 1 +30. 5

i . , ] - . ,
Combined hoard made with U,S. Linerboard used as rafevence.

A " bt i e
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As would be expected, all the composite average ditferences at 50% R.H. are
statistically significant at the 1% confldence'level. Because of the lower
velght of the combined boards made wvith Buropean linciboards, the differences

vould be even greater on a unit veight basis than obiained on an observed or

+- -

"as 1s" basis,

The philosophy practiced in the manufacture of Scandinavian kraf't
linerboard implies that bursting strength of the linerboard 1s related to box
performance, With reference to this impiication, 1t may be recalled that boxes
made with Eurcpean linerboard exhibited lower top-load compression, about equal
end-load compression, and about equal drop and drumn performance at the 25 6,
26.0-1b. linerboard grade weight level then comparsd vith boxes mede with U.S.
linerboard; however, the bursiing strength cof the combined bhoards made with
European linerboard averaged 35 to 65% higher tihan that of the corresponding
combined board mede with 11,5, linerboard Murther, al the 30,7, 35.0-1b, grade
wvelght level, box performance wao about the same for all three "types" of boxes,
although the combined boaids made vith Buropean Iincrboard exhibited U to 22%
thh%r bursting s-cength, At the two highest grade velght levels (35 8, 38, 0-
th and &1 0, 42,0-1b. ), tle boxes rade vith Enso Cublseit linerboard exhibited
higher top-ioad comprzesiod. lighitly higher end-load compression, and about
equal rough handiing 1n r~tation to bones made wrih 7, 5. linerboard, whereas
boxes made with Svensks Cellulosa linerboard exhibiled slightly lover top- and
end- Load compression, and about equal rough handling periormance vhen compared
vith boxes made v:th U b, liverboard. How-ver, the bursting sticngths of the
combined boards mzde with Furopean linerboards surpassed that of combined board
made with U.S5. lLinerboard by about 13 to »%%, Tnus, bursting strength ol com-

hined board doeo nol apprar om be < approprieie eritcrion on wiich to basc hox

per formanee.
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The puncture-test ismused to measure the energy to rupture the board
under o specified condition, As such it is an integrating type of test — it

|

measures the work to bend; to iniﬁiate puncture of the board; to continue the
'toar along a line corresponding to the loading edges of the puncture point,
ete. Becaﬁse ol thié integrating featurc, minuté weak spols in‘the test‘are;
would be expected to adversely influence the total work bto rupture only in direct
proportion to their area. In contrast, the bursting strength tegt, which is a
maximum force indicating type of test, is markedly affected by minute weak spots
in the test area — e.g., pinholes, Studies (3, éfg) have shown that the puncture

churacteristics of combined board are better related to box performance than

bursbing strength.

The puncture results obtained in this study at SO-and 65% R.H, are given
in Tables XVI and XVII, It may be seen from the results in the above tables,
which are graphed in Fig. 7, that for practically all combinations the combined'
bourd made with.U,S5, linerboards exhibited slightly higher puncture values than
the corresponding boards made with Eurcpean linerboards. The puncture results
nt 50% R, H. have been statistically analyzed; the composite average differences
ad the statistical significance of the differences are given as follows [or each

srade weight level,

. a
Composite Average Difference” Puncture, %

U5, Nomina i 50% R.H. 65% R. H.

dride Wedight B, 5.C. B.G. 5.C.
26.0 -h.2(.01) -16.7(.0L) “h7 -10.5
53.0 -5.3(.0L1) -5.3(.01) -8.2 -8.2
58.0 -5.9{.01) -3.0(.01) -5.2 b2
el o ~0.9(NS) -1, W{uS) O, b5

————

Lz??incd board made with U.S. linerboard used as veflerence. Preflix + and -
= *Wicutes whether higher ovr lover than U.S. combined bourd, respectively.

i
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As noted above, the puncture characteristics of combined board made with U.S.

linerboard are higher than those of combined board made with European linerboards
except for one: the Fnso Gutseit bbardfatl&héchi;b,ME:OmDi grade weight level at 65%
R.H. - The composite average differences observed at 50% R.H. -are- statistically -
significant at the 1% confidence level except for the results at the 41.0, 42,0-

lo. grade weight level. Although the puncture results average 4 to 5% higher

for combined foards made with U.3. linerboard, this difference is not reflected

in the box compression performance except at the 25.6, 26.0—lb. grade weight

level, at which boxes made with U.S, linerboards exhibited higher top-load com-
yression, Eecauselof the lower weights gssociated with combined boards made

/ith BEuropean linerbeoards, the differences in puncture are about equal in many

nstances to the difference in combined board weight. Thus, on a unit weight

‘sis the differences in puncture results would not be expected to be significant.

The torsion tear test is a strength test which was developed at The
nstitute of Paper Chemistry for tbe purpose of evaluating the tearing strength
f corrugated board because it was felt that this physical property was intimately
elated to rough handling performance of boxes as measured by means of drop and
'rum‘tests. By way of validation, it has been found (2, lg) that torsion tear
e8ts on corrugated board are reasonably well related to rough handling perform-
nce of boxes. Torsion tear tests on the flap scoreline have been found (9) to
tve slightly better correlations with rough handling performance than tests on

h
|

nBcored specimens of the combined board.

mﬁt In the present study, torsion tear tests were made in each principal

lre

ction on unscored portions of the board and also in the area of the flap score-

The results are tabulated in Tables XVI and XVII, respectively, for 50 and

The results on the unscored portions of combined board are expressed as
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"average torsion tear" which 1s the average of the in-machine and cross-machine
results It may be seen from the results tabulated in Tables XVI and XVII that

in practically all instances the combined board made with U,S. linerboard exhibited
higher average torsion tear than the corresponding combined bo§rds made with
Burcpean linerboards. The composite average differences in average torsion tear

at each grade weight level of linerboard weilght are retabulated as shown and are

graphically 1llustrated in Fig. 8.

Composite Average Difference 1in
Average Torsion Tear, %

U.S. Nominal 50% R. H. 65% R. H.

Grade Weight E.G. s.C. E G. s.cC.
26.0 -8.1 81 -6.3 bk
33.0 -9.6 -11.5 -10.5 -12.9
38.0 -3.3 -8.0 -12.6 -7k
42,0 -6.7 -13.0 -5.1 -10.9

aComblned board made with U.S5, linerboard used as reference.

It may be seen that, 1n general, the combined boards made with U,S,
linerboards are about 5 to 12% higher in torsion tear strength than combined
boards made with Eurcopean linerboards. It 1s believed that the superiority of
U.S. combined beoard in this characteristic 1s due to the higher tearing strength
of the U.5. linerboards. When rough handling performance 1s considered, 1t may
be noted that the drop and drum tests do not reflect the difference 1in torsion
tear. A possible gxplanation for this lack of correlation may be the fact that
the torsion tear of combined board reflects to a large extent the tearing strength
of the linerboards and 1t will be seen that the U.8. linerboards are superior to
ihe Luropean linerboards in tearing strength  However, from a material stand-

point, drop and drum performance 1s beileved to be dependent te a large cxtent
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on cross-machine tensile strength as well as on tearing strength of the linerboards,

As wi1ll be shown later, the cross-machine tensile strengths of the Eurcpean liner-

boards are markedly higher than the corresponding results on U.S., linerboards

- When the scoreline torsion tear results are considered, 1t may be noted,
as 1n the case of the torsion tear on the unscored boards, that the results on
the combined boards made with U,8. linerboards were in most instances higher than
the results on the corresponding boards made with Eurcopean linerboards. The score-
line torsion tear results have been analyzed statistically and the composite aver-
age differences together with the observed level of significance are glven as

follows and graphically i1llustrated in Fig. 9:

Composite Average Dhifference in Scoreline

U.S. Nominal Torsion Tear, %
Grade Weight, ' 50% R. H. 65% R.H,
1b. E.G. s.C. E.G. S.C.
26.0 -7.5(.01) -21.4(.01) -6.7 -8.2
3% 0 -7.3(.01) -2.6(.01) -7.1 -5.8
38.0 -8.6(.01) '-2.6(.01) -6,k +1.3
ho 0 -2.8(.01) -9.6(.01) -ho1 -7.8

aComblned board made with U.S. linerboard used as referecnce.

It may be noted that all the compesite average differences are statis-
tically significant at the 1% confidence level indicating that the combined
boards made with U.S. linerboards definitely have higher scoreline torsion fear
strength., It 1s believed that this superiority in scoreline torsion tear
strength 1s not reflected in better drop and drum performance for the reason
described earlier — 1.e., the belief that drop and drum performance 1s dependent
Lo a large extent on cross-machine tensilc strength as well as on tearing strength

of linerboard
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Earlier studies (é&;li) have shown that top-load box compression may be
predicted with reasonable accuracy from a consideration of two basic combined
p bozrd properties and the Load perimeter (QL + 2@) of the box according to the
relationship ziven by Fguation (1):
; L 0.7h6 0.25h 0. Lop
k = 2
; P = 2.028 P Q/Dny) 7 (1)
i
i whesn
. 4/z > 1/7
where
; P = top-load box compression, lb.
&
I
; P = combined hoard cross-machine edgewise compression, 1b./in.
I —_
; Qy, D = combined beard flexural stiffness in each principal
= < direction, 1lb.-~in.

load perimeter (2L + 24), inches

Z =
d = depth of box, inches
i
I
Studl=s currently in progress reveal that somewhat the nsame typs of

.

reigronship appears to hold for end-lcad box compression, However, in the

! ase of end-icsd compression a gap factor, 1 + H/L, should be considered and the

“ covcined soard adpewise compression of concern is in the machine-directioa in

contrast L0 cruss direction for top-load compression.  Thus, it may be seen that

comtined board edgevwise compression and flexural stiffness have a marked in-

> on boy conpression,

A eoeparison ofs the machine-direction edgevise compression results

'

o -
o}
[2X S

tabuisted in Tzhles XVI and XVI{ for 50 and 65% R.IL, respectively, indicals
thiay the machise-direction edgewisce compression strength ol vombincd board made
with U.S. lincrbourds was generally higher at the 25.6, 26.0-Llb, and the 30.7,

[T

3%, 0-1b, linerwoard grade weight levels but lower ab the other tve grade woighe




R e RS AR VR, |

et
P

[ —
Lot

£

3 P e R
T A B T O A

-
Tagy ro
wn AR v el e paiyy S Xat -

Ffomrdrinier Krabt Board Insbitube, Lnc. Page 89
Projgect 2592 _ Report Three
levels than combined board made with Enso Qutseit linerboard  The corresponding
comparison for combined boards made wilh Svenska Cellulesa linerboards indicates
a similar but weaker tiend  As noled carlier, michine-direction edgewise com-
pression 15 iLhe basic property of combined board of deog importancé to cnd-load
box corpression. In order Lo compare the combined board and box relatzonship,

the compeosite average dirferences in machine-direction edgevise compresslon
strength of the combined boards gre gilven iLogether with the indicated degree of

significance and the corresponding end-~lcad box compression results. The com-

posite average differences 1n edgevise compression are i1llustrated in Fig. 10.

U &, Nominal Composite Averape leferencea Composite Average leferencea
Grade Veight, M.D. Fdgewise Compiession, % End-Load Box Compression, %
1h. E.C. S.C. E.G S.C.
50% R H.
26.0 -10 2(.01) +0,7(N5) -4 1(ns) -0,7(NSs)
33.0 -1¢ 2( o1) -h 2( 05) -5.3( 01) -2.8(ns)
8.0 +0, 4(N8 ) -6 6(.o1) 42 2{H3) -8 9(.01)
2.0 FLS E( 01) B 5(.01) +7 1(.01) +5.8(1s)
i
65% R.H
oh 0 -11.7 -4.3 -4 2(ns) +0. 1(NS )
2.0 -11.5 -1 -6.6{ 01) -0.8(Ng)
o0 12,3 -6.6 +5.9(,0L) -7.1(.01)
ny 0 +11 19, 2 th, 4(NS) +1.2(RS)
————

"
Cominned bhoard made wiir U.S. linerboard used as relerence

IL may be seen Irom the results tabulated above that [or the two lovcr
STt ver e tevels the onposibe average ditferences i machine-direction edge-

T orunn_sesaon strengih L' combined board made vith U.S. and Fnso Gubuell
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linerboards are significant at the 1% level; not signilicant at the 35.7, 38.0-1b.
welight level, but significant at the 41.0, %2,0-1b. linerboard weight level,

When these results are compared with the corresponding results for end-load box

_ pgrfo;mancc it may bec s€en that there is reazsopnable ugreement. The composite -
average dilferences between the results on combined boards made with U.S. and
Svenska Cellulosa linerboards show that at the 25.6, 26.0-1b. grade weight level

the difference is not.signlricant. At the 30.7, 33.0-1b. and 35.8, 38.0-1b.
grade welght levels,-the differences favor the U.3. combined boards and are
significant at the 5 and 1% confidence levels, respectively. At the 41,0, 42.0-
lb. grade vweight level the.difference is significant and favors the Svenska
Cellulosa combined board. When the composite average dilferences in machine-
direction edgewise compression between U.S. and Svenska Ccllulosa combined boardg
are COmpared‘with the corresbonding results for end-licad box coempression, it may

be noted that there is reasonable agreement,

Tt may be noted that the results at £65% R.U. are generally slightly
higher than the corresponding resﬁl;s at 50% R,H, This trend may appear at
Plest to be an anomaly; however, .t should be emphasized that machine-direction
tdifewise compression specimens fail fue to the interflute buckling of the liner-
boird; thus, the machine-direction flexural stiffness of the linerboards governs
ilure in machine-direction edgewise compression testing of corrugated board.
Fluxural stiffness of the linerboard iz, in turn, a function of the modulus of
GlﬂﬁtiCity, E, and the moment of inertia, L, The moduluc io a strength property

YU othe material, whereas the momen: of inertia is a dimensional property of the

Fterind., The modulus of elanticity of the linerboard decreaces slightly as the

relntive humidity increases because ol a reducticn in bouding strength, ete.,

Whtrroe o L. \ . . .
reas the moment of inertia, wnich is a funcwion of the caliper cubed in the

Linerboard — rectangular cioss sechion — increascs bocause the caliper

T 0 SR O
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of the linerboard increases at the higher humidity. The net resuit is that the
decrcuse in E is more than offset by the increase in I; thus, flexural stifl-
ness, El, of the linerboard increases slightly with relative humidity. This

increase in linerboard EI manifests itself as an increase in machine-direction

zdgaevise compression of corrugated board.

As mentioned earlier, studies carried cut at The Tnstitute of Paper
Chemistry (_i;li) have shown that top-load box compression is dependent on two
Fundamental materigl properties of the combined board — cross-machine edgewise
compression and flexural stiffness — and the load perimeter as indicated by
Eguation (1). Firther, it may be observed from the magnitude of the exponents
associated with the edgewise compression, Em’ and the geometric mean of the
flexural stiffnesses that the cross—machine—édgewise compressicn strength of
the combined board has about twice the importance that the flexural stiffness -

‘

has on top-lsad box compression,

Tiz cross-machine edpewise compression results obtained at 50 and 65%
R.H, are taculaied in Tables XV and XVIL, respectively. It may be noted that
at the 25.6. 26.0-1b. grade weight level the cross-machine edgevise compression
strength of ~he combined hoard mede with U,S, linerboord 1s higher than that of
bosrds made writh Furopean linerboards. The same trend is observed at the 30.7,
3%,0-1b. grede weight level., AL the 25.8, 38.0-1b. and 41.0, 12.0-1b, grade
weight levels the cross-machine cdgewise compréssion strength of the U.5. com-
bined boards are lower than those of the corresponding Enso Gubtselt combined
hoards. In zhe case of the Svenska Cellulosa combined boards the trend ls for
the results Lo be approximately equal to the resulis obtained on U.S. combined
boards. [Fer the purpose of comparing the significance of these noted diffcrences

with the tep-load box compression results, the composite average diflercnces ir
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cross-machine edgewise compression are shown in the foliowing tabulation; the

average differences in cross-machine edgewise compression are Lllustrated in Fig. 11:

t1.3. Fominal Composite Average Differenceu Composite Average Dii‘ferencea

" Tegt e e SSpoAee e Ty ~ i) YT
R e e e i D

Grade Welght, C.D. Edgevise Compression, %

Top-Load Box Compression, %

1b. - TTUE.G. s.C. E. G, s.C.

50% R.H.

26.0 -3.1(.01) -h.7(.01) -5.3(.01) -5.1(.01)

33.0 -6.7(.01) -7.4:(.01) +1.6(.01) 0.0(Ns)

8.0 +2.6{.01) +2, 4{.01) +7.4(.01) +1. 0(NS )

k2.0 +h, (.01} -0.2(Ns) +83,7(.01) +2.7(.01)
65% R.H.

26,0 -5.3 b7 2. L{NS) ~7,5(.01)

33.0 -2.3 -3.0 -1.0(N8) -0.6{Ng)

38.0 +4, 9 +1.8 +7.1(.01) +4.2(.01)

2.0 +#,5 +1..0 +11.2{.01) +1.6{NS)

“Combined board made

with U.S5. linerboard used as reference.

It may be observed that all the diflevsnces between U.S, and Enso Gutselt

viehined boards are significant at the 1% level of confidence. In the case of the

"5, and Svenska Cellulcsa combined boards, all the differences are statistically
Sipnilicant except for the difference at the LL.C, 42.0-1b. grade weight level.
“mparison of the combined board edgewise compreszsion and top-load box compression
“eally indicate good agreement between thiess properiies of the U.5. and Enso
SELACTL combined boards and boxes. The agreement between U8, and Svenska Cellu-
<80 combined boards ana boxes is rveascnably good but noi as good as Lhal between

H i .
; S. und Enso Gutseit combined boards and boxos.
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The flexural stiffhess of a material is the resistance with which a

material resists bending. As previously mentioned, flexural stiffness is one

ol the basic properties of corrugated hoard which intluence box compression.

i, enters the relationship as

ot Bouation (1) reveals that although flexural stiffness is one of the two basic
material properties which determine box compression, its importance is secondary
w0 edgewise compression as may be noted from the magnitude of' the exponents

associated with these properties in Equation (l).

The {'lexural stiffness results expressed as the geometric mean arve
abutated in Tables XVI and XVIT for 50 and 63% R.H., respectively: It may be
secnt that with one exception the geometric mean of the [lexural stiffness of
the combined boards made with U.S. linerboards is lower than the corresponding

senults on combined boards made with European inerboards. The exception is the

combrined board made with 30.7-1b. grade weight Svenska Cellulosa linerboard which
uxbibitn lover results than the corresponding toard made with 33.0-1b. grade

“ichL U8, linerboard,  For purposes of comperison, the gomposite average aif-

crenve in the geometric mean of the flexural =iiffness beiween combined boards

CEpsvae ird

sith Furopean and domesiic linerboards ars tabulated as follows and 1illus-

St

it ruphleally in Fig. 12,

Composite Average Difference in CGeometric

U.5. Hominal Mean of Flexurszl Stiffncss, %

_ Grade Weight, 50% R.H. 65% R.H.
N 1b. E.G. s.C. E. G. 5.C.
26,0 +7.6 L +1%.9 Hy 7
+9.0 -3.6 +10.6 -1.6
+38.3 +10.8 B +9, 6
+36.6 16,2 50 AR

= "‘.!. HE .
g Poonrd made with U.S. Linerboard usced z: reference.

the geomelric mean [see Eguation (1)]. Examination

Ty et
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The flexural stiffness of corrugated board i1s primarily a function of
the modulus of elasticity of the linerboards making up the facings and the
caliper of the combined board; thus, the composite differences reflect the
fugher modulus of elasticity assoclated with the European linerboards in con-
trast to U.S. llﬁcrboards Tﬁo greatest dléfercnce n [lexural stifincas ex-
messed as the geometric mean 1s at the two higher weight levels — 1.c., 35 8,

58 0-1b. and 41 O, h2,0-1b. grade weight levels

As mentioned earlier i1n this report, a previous study (;2) carried

ot at The Institute of Paper Chemistry has shown that top-load box compression

1 dependent on two basic combined board properties and the load perimeler as

indicated by Equation (1), In order to determine the efficiency of this relation-
! ship vhen applied to the present study, top-lcad hox compression results were

calcuiated from the combined board results by means of Equation (1) and also an

abridged form of Equation (1) which 1s based on an empirical relationship., The

torr of the abridged relationship 1s given in Equation (2),

P =537 P 10 508 Zo.uge (2)
wWhetg
P = top-load box corpressicn, 1b
2 = combined board cross-machine edgevise compression, 1b /ln.

1=

jes
]

box load perimeter (2L + 2W), inch

—_—
jow
I

combined board celiper, 1nch

}

The predicted and observed top-load compression results are tabulated

W Tble, ¥IX and XX, [L may be noted that FEquations (1) and (2) predici top-
IJ’
;:}gmﬂ Box o

1)

ipiession very wvell for the B-flute boxes; however, the resulls
4,

Ined {0y the A-rlute samples at 50 and 65% R H. exhibit considerably more
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"error" than has been experienced heietofore vhen applied to A-flute board.
It may be seen that even in spite of the greatcr than normal disparily exhibited
by the A-flute box results, edpevise compression and flexural stiffness of the

combined board (together with load perimeter) permil a far more accurate pre-

diction of box compression than can be obitained with bursting strength.

Compaiison of the iflat crush results in Tables ¥VI and XVII, respec-
tively, for 50 and 65% R.H., reveals that, with the possible exception of the
resulte at the 25 6, 26,0-1b. grade weight level, there appears £o be no signifi-

cant difference in the flat crush of combined boards made with European and

domestic linerboards fabricated with the same corrugating mediums At the

85.6, 26,0-1b grade veight level, the combined boards made with U.S. liner-

board generally exhibit higher flat crush than the corresponding combined boards
made with Buropean linerboard., These difierences dre considered fortuitous in-
asmuch as the linerboa:d should have no effeect on flat crush. For ready compa:L-

son, Lhe composite average difiecicnces wn flatl crush have been tabulated as

Tollows:
Compos Lte Average lefg:cnces
U.S. Wominal in Flat Crush, %

Grade Woight, 50% R.H. 65% R H
b E.G. 5 C. F G, S C.
26.0 -7 6 -3 2 -5 8 -7 0
35,0 i0 2 +0.2 2 0 27
33 0 K2 -0.7 -4, 2 -1 2
«2 0 -0.53 -L 2 ¢ g +0 7

"

a
Cormbined bhoard made viih U 3. Linerboard used as reference.

It vay be moted foom o cornarison ol the pin adhesion pesults Labus

lated in Tables AVI and XVIw, rospecuvively, Por 50 ang 65% R L, that wiih tev
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excepcions the adhesion strength i1s higher on combined beards made with U.S.
l'nerboards than on the corresponding combined boards made with Buropean iiner-
boards Tor ready comparison, the composite average diffcrences in pin adhesion

tollow and are graphically 1llustrated 1in Fig 13,

Composite Average Differcnce

U.S. Nominal in Pin Adhesion, %
Grade Weight, 50% R. H. 65% R.H.
1b, E. G, 5.C. E.G. 5.C
6.0 <19 0 -15.5 9.3 -20. 4
2% 0 -22.8 -5.3 -151 -15.1
38 0 -12.5 -6.3 -4.3 -6.5
k2 0 -5 7 00 -15.7 -39

aComblned board made with U.S. linerboard used as reference

It may be seen that the greatest differences occur at the two lowest
1w erboard grade veight levels It 15 believed that the poorer adhesion <hrength
wcotaved with the Buropean combined boards 1s due to a large extent to Lthe fact
-« hey are lass porous

T Comsarisons of the Physiczl Properties of U S
« «l Buropean Linerboard

L was noted earlier that during the corrugating of the fifty-two
3“‘ul~nL(¢mm1natlons, samples or test strips from across the full width of

- 13
:aﬁm.gumponan roll were taker at the "start' and "end" of each material com-

} ty v r
ATy 10 pun on the eorrwga-or. The "wtart"” and "end" samples of each

ot BT,

»: #Er e lor each material ccoabination were evaluaied separately and the resulls
4.’:-.:"

g \ .

j&*?‘ﬂucu o characterize the cualily of cach component (vingle-face !iner, double-
b ‘i*“n

f @‘&L‘ﬁr Lin, ,

t.‘-l'

“'.and corrugating mzdiwm) used tn cach materlal combination The:

L)
*otttatied on the samples ol linerboard {wepregaicd as to single- and
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double-face liner ) used in the fabrication of the‘A—flute combined Loard and

.

PN

boxes are tabulated in Tables XXI and XXII, respectively, for 50 and 65% R.H,
The corresponding resulls for the components used in the fabrication of the
B-flute combined board and boxes are tabulated in Tables XXIIL and XXIV,
rospectively, for 50 and 65% R.H, The averages tabulated in Tables XXI through
XXIV for a given material have been combined to give an over-all assessment of
the physical characteristics of the twelve linerboards used in this study. The {
over-all averages for the linerboards are tabulated in_Tables XXV through XXXIT
For the 50 and 65% R.H. The per cent differences in physical prcperties are
summarized for each linerboard grade weight in Tables XXXIIT and XXXIV for 50

" and 65% R.H., respectively. For purpose of comparison, the per cent differences -

in linerboard basis weight at the four grade weight levels follow and are graphi-

LR A Y & .

cally illustrated in Fig. 1k:

Linerboard Basis Weight Difference, %?

50% R, H. 65% R. L.

Hoeminal U.S. Liner- U.5. Liner-

Weo, th./ board Weight, board Weight,

bog. i, b, /M sq. Tt E.C. S.C. 1b. /M sq.ft. E.G. S.C.
IR 28,0 i -5.4 -4, 6 e8.2 -2.8 -3
35,0 35.0 -9.1 ~11.k 35.7 -9.2 -11.8
39,4 -5.1 -7.6 40.0 -4.8 -6.2
2.8 -2.8 ~7.5 43,7 -3.0 -8.5

--‘_""'———n_-..__
B

Sl Lincrboard results used as reference,

As pointed out previously, the U.S., linerboards are 3 to 11% higher in

ariae,

=il Lhwn Lheir Buropean counterparts. The greatest disparity is at the 30,7,
4 . . '
sAb=th srade welght level and least at the 25.6, 26.0-1b. grade welght level. ;

Fas s Tearin e

+o, bLhe Svenska Celluiosa linerboards were lowest in weight.
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- PHYSICAL CHARACTERISTICS OF LINERS USEU IN FABRICATING A-FIIFIF BOARD
(50% Relative Humidity)

. N Modifled
- Riny
Bureting Camprea- Tuber !
Welght, ©Call- App Ytrenglh, t imendorf Tear, Torsion Tear, Puncture, slon, stifioess, '
Post- 1p /M per, De- L g feniet in -o” unite ib /tn g _-n |
Bung Orade  tlon pq ft pt. oity Hax Win  Av. In  (ross Av Ir Cross Av  In {rosp Av In Cross In (rous
Al, 2 ER256 MF o6k (8 3L g 66 100 16y oug 168 A kB k6 18 1B B 1wl 1ty om 8 !
oF o6 4 T9 319 Bz q0e 64 gpuo 12 W by ke 1B 1B 0161 1k o™ 8 |
Av 26 L r8 shoalr B 108 166 20b 1S A WS b6 18 1B B 161 1L 0 )
43, b ys.a26 5F 78 9 28 B 53 2 198 ~uB 23y W 56 52 9 o W 156 2 b9
: DF 20 ) 96 30 & 6f A or o5 P30 W ST 53 0 20 20 158 ntwop g
i Av 280 a6 29 93 £0 73 P02 250 26 W 56 52 W 00 0 15T 113 76 ] |
! A5, 6 Sc-256 B 267 78 b 12k €8 106 150 180 165 4 52 A 1y 16 16 166 115 22 8
: ' oF 26k (L I TU R g7 110 ko 192 165 &% sp B 16 16 16 178 120 21 ]
i Av 26 6 T8 3L 123 B 108 1by,  1B6 165 Kb 52 kB 16 16 16 17 e it g P2 ]
A7, 8 m-307 S8F 318 68 36 k2 88 P2 185 a5k 219 by g6 52 0 22 22 2l 3 15C 12
F 318 67 36 15 107 i2% o6 250 228 Wy onp 52 2 1 21 /B8 15y ¥ 1k
Av 31 8 88 36 b g8 123 16 2ne 22k b9 sh 2 PL 22 a2 216 192 3 13
A3, 10 uU8-33 gF 35 0 98 36 07 95 108 257 /¢ P72 60 2 66 2+ ok MAo237 159 b2k
OF 350 98 36 120 90 105 oho 08 27h 6L Th 6B M o5 2L 230 163 kD I
Av 35 0 98 36 118 9 106 238 308 =273 60 7> 67 24 2 2L, 257 161 L0 14
All, 12 BC-3C T &F 312 o8 32 1k 88 1i4 212 p32 222 sk 51 32 X 2 20 198 a2 Lk )b
oF 30 b 96 32 143 63 L1l 206 23 221 S5 52 53 U 20 XN 196 140 Lo b
Av 30 8 9T 39 1k B85 112 209 23k 222 o 42 52 20 2) o0 197 141 ke Lk
A3, 1k .35 8 SF 372 100 37 162 100 130 248 302 276 2 60 96 25 28 6 253 172 5% WV
DF 7k 01 3¢ 1rg 102 kg ko ok 276 LB 5¢ 53 26 a6 26 o b 180 5k 02
Av. a7 3 W00 37 167 101 13 =248 303 276 50 6B sh 26 26 26 MmB 176 540
A15, 16 us-38 SF s 110 56 15 B5 98 266 3k 306 (2 B 77 28 20 28 2 135 53 A
oF o 12 3bLboon7 85 o0 ath 33 30b 6o By y5 28 28 28 232 152 55 16
v 32 112 35 116 8k 97 270 33 05 70 B2 16 28 8 28 238 156 53 16
A7, 189C-35 8 SF 356 100 36 25 10 i3 238 s 266 A 5B w0 @b b mhooeil 164 w18
[T AL 98 38 1% U7 o i3 085 e 66 7o 60 26 06 26 228 168 ML)
At 3635 99 5[ 160 1k 137 246 w0 268 65 G 6h 25 Py 25 231 1066 W 1
Alg, 20 EG-L1 SF L1y 11{ 56 195 104 16 pL 353 22 sB o m 6k 0 52 52 23 Loy 0t !
3 Ly b 11k 36 17h 117 148 o282 385 3B 59 gL 66 31 52 32 pek 166 1 37
, Ay L6 116 36 185 113 a7 286 ssk 3 5B 72 65 3 32 2 229 168 B 0
A2, Us-h2 SF  L26 120 36 136 02 116 288 366 e 63 B 7h 52 33 32 )9 B 158 Gr
g - 2k, 2ka OF 48 120G 36 13 100 16 .5 358 @6 2 By B 32 0052 W 0 153 6f
' Av LT 120 36 136 104 16 22 e @6 68 8 g7 32 S 32 D1 b1 6 6f ¢
2
! Aoy 228051 SF 9 120 33 162 y0 133 2B s0R 063 62 63 66 86 w8 2h ok iy R B
% ’ jug 3"0 7 121 32 191 121 35 s70 310 mh 6 67 66 L3 M4 oy 21l 16 h 4 J:
H A/} B 120 32 186 106 138 268 3k of8 65 68 66 28 8 08 m8 26 ¥ g
§ Aokp U3-38 7 3k 110 36 18 B5 103 268 s 06 1 B 76 28 8 28 =228 1 6oLt b
! BF oAk 11k 3L 85 100 265 ke ok & B2 6 28 ;o m 20 ko phoh
v 394 112 o35 118 B: o2 D6T 33 s0n O B2 76 28 o 28 a5k 15y 2 b
A2k UB-33 5F 35 2 gl 36 117 as 106 236 310 prs 6h o b 68 2h a3y g ph 2 o2 M :I
! IF 351 58 36 1id B 103 228 310 2 otk 68 & 2% b @32 161 W .
: A 352 98 36 116 o0 1ob 23 30 ofp A3 BB 2k g eh 23 1 he
adbp US-26  aF 7B 98 e8 82 5 72 B 5o pak L0560 52y om0 35 6 111 3
DF 280 96 29 8 G5 h o0m ooy 228 50 56 ok 19 19 1 1p B 1 E "
A 219 9¢( 28 8 6L 73 200 252 226 W 56 53 19 & o 157 115 F
-
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TARLE ¥XI {Continued)

PHYS ICAL CHARACTERTSTICS OF LINERS USED IN FABRICATING A-FLUTE BOARD
(50% Relative Humldity)

: VYodulus of TEA, IPC Bond Foros-  Bendt-
Tenalle, Stretch, Elanticlty, in.- 6./ Strength, ° 1ty, aen - - ~Cobb -
Poaf. 1./ 1n. o v.o.1. X 10° 8g. In. kp.-cm./eee. sec./ fSmooth- Size,
funs Grade tilon In  Crops In Crosc TN LroSd In Croes In Crocs 100 ece. neoo g.fog. m.
ioa, 2 m-25.6 SF 786 30.8 2.0 L5 915 378 96 1.00 2.7t 291 25 710 37.8
! DF 79.6 0.6 1.9 k.5 992 304 96 100 3.6 2.9 23 783 3.3
‘ Av. 9.1 3.7 2.0 ks ofh 372 46 1.00 3.18  2.55 2h < Wl 38.0
oo b ous-26 aF 57.2 22,0 1.8 3.z 658 20k .o .55 6k 2.66 1a 1010 30.8
b DF  57.0 22.3 2.0, 2.0 635 283 J20 .50 bays o 2aa2 14 1050 37.9
K Av.  57.1 22.2 L9 3.0 6hé a7h STL 520 b9 2.5h 13 1020 38.4
i #5, 6 s8C-25.6 ST 914 264 2 5.9 W0 30h 1.6 1,00 3.90 2.8 Lo . 762 38.2
I IF ®.6 26.6 2.2 L8 1006 332 1,22 .96 5.18 1.9k 42 Toh 3.2
i Av.  90.5 26.5 2.2 L.g 1038 528 1.24 98  L.sh 2.3G by 718 37.7T
8
E‘ A7, 8 BG-%0.7 SF  106.8 37.1 2.0 L.2 1156 L1B 1.32 1.1k *3.28  2.36 w2 - 1020 Ly, 3
i DF  106.6 38,2 2.0 L.2 12h0 W56 1.5 1.18 5.0k 2.53 L5t 930 h5.0
Q Av. 106.7 7.6 2.0 .2 1188 h3y 1.3% 1.16 ka6 2.hb 1h0 975 b3.6
4]
!J Aj 10 Us-33 SF 86.8 3.0 2.2 3.6 88y 35b 1.24 B4 3,84 2,36 37 468 35.4
; IF 85.8 3.8 2.2 3.7 Bs7 36k 1.24 b7 488 196 58 h30 36.2
i Av, 863 30.4 2.2 3.6 373 359 1.84 86 k.36 2.16 38 kg 5.8
3 All, 12 5C-30.T7 SF 99.6 39.k 1.8 5.1 912 348 1.20 1.4k 504 2.96 a8 810 38,8
DF 96.7 38.6 2.0 5.0 877 348 122 1h0 .97 298 2h Y2 St
g Av.  9B8.2 3.0 1.9 5.0 dok 348 L.21  Lbkz2 6,50 297 a6 061 38.6
£ W), Wme35.8 sF uk.s L6.0 LB 3.6 1126 WG 1.32 1.20 3.06 2.5k 162 1150 30,4
DF 217.L LB.6 1.8 3.2 1100 L83 1.35 1.0 k.76 196 113 T8k 35.8
Av.. 115.8 &7.3 1.8 3.4 1115 u72 L34 115 3.91 225 138 96T 30.1
43, 16 us-38 5F 86.9 2.2 2.0 L. 92 282 1.18  1.00 3.0 1.86 29 543 5.8
DF 85.0 28,9 2.0 L.L 784 281 1.1 1.00 3.3k 1.5h 20 2 sH.0
Av. 86.0 .0 2.0 L& 788 282 1.1 1.00  3.37  1.70 28 618 3.0
g M7, Wse.3s.8 wF 1079 M6LL 2.2 5L 935 3718 1.5 1.78 k.13 2.67 51 485 5.6
! DF 15,1 45.6 2.b 5.8 083 381 1.4 t.82 T.03 2.62 i 336 F.2
Av. 110.5 k6.0 2.5 5.5 958 30 1.6h 180 558 2.6h e hén 5.k
%), W Eo-L) s 127.8 0.9 1.8 3. wis 46 1.0k 1.33  3.43 7 .82 119 L13G S
nF o1ehk o516 L8 52 10L8 Lok 1.50  1.16 b0 1,66 o2 156G A0
Av.  126.1 51,2 1.8 3 106k W55 L.50  L.eh o zuyz 2.8k 110 gy 6
Us-ha SF g5.2 536 2.2 L. TEh 309 .58 1.02 3.4 272 26 6ol Sl
ur 5.8 3n.2 2.2 3.5 91 306 1.57 87 622 100 50 596 53.0
Av. 95.5 2.9 2.2 3.8 718 306 .56 9% 4.B3  2.26 ] Ak 550
A, 2 ge BF AT L7.0 2.0 BT 03h 3HO 15h 160 5.9 5.2 8o 1000 38,0
4 o 128.6 k6.5 1.9 L.8 954 328 1.58 1.65 5.98 1.04 s2 gl 5.8
Av. 1266 6.8 2.0 LB kL 33k 1.56 1.62 5.58 2.61 74 1000 5.9
V3. 38 SF 85.8 28.8 2.0 L.2 787 283 1.13 .96 3.B5  1.96 28 548 6.0 i
DF 85.6 23,8 2.0 L. By 2rh 1.10 D8 bz 1,76 a6 Gro J1RS
Av, 85.7 28,8 2.0 4.3 84 278 1.12 97 3.58 1.80 o GOy 7.4 ._*-.
ve-53 gy 87.7 0.1 2.2 3.5 8% 35k 1.27 Bk 5.3% 500 56 460 55.6 R
oF 872 0.2 2.2 5.6 875 300 1.28 .82 L.0b  2.05 % Lo 36.0 %
hv. Bi.h 0.2 .2 3.5 882 397 1.08 B3 3.6y opaoe 30 Wi 55,0 u
© 8.6 ar 58.6 22,2 L.y 3L 662 270 JTh 58 3160 2.8 L3 gy LT :%,";
oF 57.8 2.1 2.0 3.1 Ghh  2Y6 S5 .52 5.13 0 .52 A 1050 S5 g &
Av. 8.2 pa.2 2.0 3.2 653 273 WTh 5% hab o 2.36 L2 1020 57.8 i.

=g

i b
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PHYSICAL CHARACTERISTICS OF LINERS USED IN FABRICATING A-FLUTE BOARD AT 65% B.H.
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TABLE XXV

COMPARISON OF PHYSICAL CHARACTERISTICS OF EUROPEAN AND

(25.6-26.0-1b.)

b us EG  Diff., s -

Test Property Liner  Liner % Liner

Basio weight, 1b./M sa. Tt. 280 26.5 - 5.b  26.7
Caliper, pt. 9.6 7.8 - 18.8 7.8
Apparent density 3.0 3.4+ 13.3 3.k
Bursting strength, p.s.1.8. 2 100+ 38.9 106

Elmendorf tear, g./sheeb In

202 b - 17.8 143
Crosa 250 eoh - 18.4 186
Av. 226 18 - 18.6 164
Torsion tear, in.-oz. Tn 50 W - 12.0 45
' Cross . 56 48 - 1h.3 52
Av. 52 L6 - 11.5 18
Puncture, untt In 20 18 - 10.0 16
Cross 20 18 - 10.0 16
Av. 20 18 - 10.0 16

Modifled ring compression, 1b./1n.
In 16.0 16.1 + 0.6 17.b
Cross 11.h 11.3 - 0.9 11.7
Teber stliffness, g.-cm. In 26 o0 - 23.1 o0
Crosc 10 8 - 20.0 B
Tenstle, 1b./in. n 57.0 9.6 + 39.6 89.8
Cross 22.2 30.6 + 37-8 26.4
Stretch, In 1.8 1.9 + 5.6 2
Cross 5.1 .5 4+ b5.2 L.9
Motlulus of elisticity. In 67 989 +52.9 1040
p.o.l. x 10 Cross 271 366+ 35.1 322
T.A., in.-ib./sa. ine g 011 0.05 + 33.8 1.02
Crosa 0.53 1.00 + 88.7 0.98

¢ bond strength, kp.-cm./sec.

In b3k 332 - 235 Lol
Cross 3.15 2.35 - 24.9 2.51
porosity, sec.f100 cc. 13 o + Bh.6 ho
Bendisen smoothness, ml./min. 987 765 - 22.5 858
Cohbh nize, g-fsq. m. 3.5 372 - 3.h 0 37k

H .
pased on US liner results us reference.

b hverage of oclngle and double face results for A- and B-flute.
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TABLE XXVI
COMPARTSON oF PHYSTICAL CHARACTERISTICS OF EURCPEAN AND DOMESTIC T.INERBOARDS AT 50% R.H.

(30.7-33.0-1v.) ) i o .
b us | EG Diff., 8¢ Diff., us EG Diff., s¢ Diff.,
Test Property Liner Liner %a Liner % Liner Liner % Liner
Unit Weight Basis
Lo welght, 1b./M sq. r&. . 350 3.8 - 9.1 31.0 -3 -- -- - -- --
iper, pt. 9.8 8.8 . 0.2 9.7 - 1.0 - - -- -- —
wrent dengity 3.6 3.6 0.0 3.2 - 11.1 - -- - - -
sting strength, p.s.i.g. 105 2 4 181 i1z 6.7 3.00 3.90 4+ 30.0 3.6  + 20.%
wmdorf bear, g./gheet 26097 -17T9 22 .07 6.8 6.9 . 9.8 6.8. - 0.3
Cross 308 252 - 18.2 238 - 2.7 B.08 .92 - 10.0 7.68 . 12.7
Av. 27k 225 - 17.9 226 - 17.5
Hon tear, in.-oz. In 60 50 - 16.7 55 - 8.3 171 157 - 8.2 177 4+ 3.5
Cross T4 55 - 85.7 52 - 2.7 2.1 .75 - 18.0  1.68 . 0.4
Av. 66 52 - 2l.2 53 - 19.7
ture, unit In 2k 21 - 12.5 20 - 16.7 0.9 0.66 . 43 0.65 - 5.8
Cross 2L 2 - 8.3 21 - 12.5 0.69 0.69 0.0 0.68 - 1.4
Av. .2k 2 - B.3 20 - 16.7 '
tled ring compression, 1b./in.
In 23.h 2L.5 - 8.1 2.0 - 14,5 0.67 0.68 + 1.5 0.65 . 3.0
Cross 16.0 15.2 - 5.0 .2 - 112 0.46 0.48 + 4.3 C.h6 0.0
rotiffness, g..em. In Lo 3 - 7.5 b2 5.0
Cross 1k 3 . 7.1 1k 0.6
Hey the/in, .
. In 86.6 107.0 23.6 98.0 4 13.2 2.47 3.36 4+ 36.0 3.16 4+ 27.9
Cross 0.2 37.8 4 25.2 3.2 o+ 298 0.86 1.19  + 38.4 1.26 4+ L6.5
wwh, o
b In 2.2 20 - 9.1 - L9 .36
Cross 3.6 L R 5.1+ b7
W ot stlei
A ety 870 06k v 558 gy . 3.
Cross 35k k28 4 p0.9 36 - 2.3 ’
- 1 .-1b. . .
Holb-feq. an In L.2b 13k 4 81 118 . i
Cross 0.85 1.19 + Lo.o 1.k3 L 68.p
4 dfrength, ¥p.-cm./sec.
in 4 55 higz . 7.3 6.9 + 51.6
Cross 2.26 2.52 2.7 3.16  + 3.8
h ’-'00 /100 ¢c. 38 136 4257.9 26 - 31.6
. "ﬂ‘«DGthne“s ml./min. L8 98 & 97.6 830+ 66.7
¢, g./ugq. m. 35.6 k55 v216 385 7.6

'y
M US 1iner results as reference.

e or Bingle ang douwla face results for A- and B-flyLe.
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TABLE XXVIT

COMPARISON OF FHYSICAL CHARACTERISTICS OF EUROPEAN AND DOMESTIC LINFRBOARDS AT 50% R.H.
(35.8-58.0-1b.) '

b HE " EG Diff.; " SC Diff., = US BG - -DIff., 8¢ - - DIfE.,- .
Test Property Liner  Liner % tiner % Liner Liner % Liner

Unit Weight Basis

Basis welght, 1b./M sq. ft. 39.k 3T - 5.1 3G - 7.6 -- -- .- - --
Caliper, pt. 11.2 0.0 - 10.7 9.9 ' - 11.6 -- -- -- - --
Apparent density 3.6 3.8 + 5.6 5.7 + 2.8 oy -- -- -- --
Bursling strength, p.s.i.g. 98 136  + 38.8 136+ 38.8 2.hg 3.6 4+ b6.2 3.7+ 50.2
Elnendorf tear, g./sheet o15 246 - 105 246 - 10.5  6.98 6.58 - 5.7 676 - 3.2
Cross 34k 305  « 11.3 291 - 15.h 8.73 8.16 - 6.5 7.99 - 8.5
Av. 310 216 - 11.0 268 - 13.5
torslon tear, in.-oz. In 71 50 - 29.6 6% - 9.9 1.80 1.3% - 25.6 L.T6 - 2.2 ;
Crouse 83 59 - 28.9 65 - 21.7 2.11 1.58 - 25.1 1.79 - 15.2
Av. (i 55 - 28.6 6L - 16.9 !
Puncture, unit In 28 26 - T.1 26 - T.1 0.71 0.70 - L.b 0.71 0.0
Cross 28 26 - 7.1 % - T.1 0.7 0.70 - 1.k 0.71 0.0
Av. 28 %6 - 7.1 26 - 7.1
Modiflied ring compression, 1b./1n.
In 2h.0 246 + 2.5 23,0 - k.2 0.61 0.66 + 8.2 0.63 + 3.3
Cross 15.6 7.8 +1k.1 16.5 + 5.8 0.h0 0.48 4+ 20.0 0.45 4 12.5
Taber stiffness, g.-cm. n 53 5% 0.0 B - g.b
Cross 16 21+ 3L.2 18+ 12.5
Tensile, 1b./in. In 85.0 116.8 <+ 35.8 11L.0 + 29.1 2.18 3.2 o+ 431 3.05 55.9
Cross 28.9 b2+ 63.3 45.8 4+ 58.9 0.75 1.26 + 72.6 1.26  +'72.6
Streteh, % n 2.0 1.8 - 10.0 2.5 4 15.0
Cross [y 3. - 2ol 5.0 4 22.7
“ﬁiuf“f Oi iépriCLLy’ In M2 111k s k2.5 960  + 22.8
Bt Cross 275 470+ 68.5 318 4+ 35.5
T-E-A., in.-ib.fsq. in. 1.1 136 419.3  1.65 + bb.T |
Cross 1.00 1.15 + 15.0 1.78 + 78.0
IPC bond strength, kp.-cm./sec.
In 3,24 Lok 4+ 2h.y 5.51 + 70.1 i
Crans L1.G8 2.26 1+ 3h.5 2,66+ 57.1 By
Purosity, sec./100 ce. ) 136 +369.0 Gh o 4120.7
Hendleen smoothness, ml./min. [ 919+ ky.2 g - 19.2
Cobh slze, g./5q. m. 56.5 5.8 - 1.9 3.6 + 0.3 *
b
n Based on US liner results as reference,
’ Average of single and double face results for A- and B-flute.
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TABLE XXVIII

COMPARISON OF PHYSICAL CHARACTERISTICS OF EUROPEAN AND DOMESTIC LINERBOARDS AT 50% R.H.
{(41.0-h2.0-1b)

o US G DLTE.,  SC bifr.,  US B piee., DATE.,
Tess Property Liner Liner % Liner g Liner Liner 4% Liner

Unit Welght Basis

s welght, 1b./M sq. . 42.8 h1.6 -

2.8 .6 - 7.5 - - — - -
Lper, pt.’ 12.1 1.6 - k. 12.0 - 0.8 .- .- - -- --
arent density 5.5 3.6 0.0 3.2 11.1 - - .- . -
sting strength, p.s.l.g. 115 1k + 27.0 137 +19.1 2.69 3.51 + 30.5 3.6 4+ 28.6
ndoxf teer, g./oheet o 292 29 - 1.0 264 - 9.6 6.82 6.95 + 1.9 6.67 . 2.2
Cross 364 353 - 3.0 313 - k.o 850 84w - o1  T.90 - T.1
Av. 328 321 - 2.1 288 - 122
Lo tear, in.-oz. In 70 59 - 15.7 62 - 1.} 1.6 1.k2 - 154 1.57 - b.3
Crosa 86 e . 16.3 67 - 22.1 2.0l 1.73 - i3.9 1.9 - 15.9
fv. 78 65 - 15.L 65 - 16.7
bure, unit n 32 31 - 3.1 28 - 12.8 0.75 0.75 0.0 6.71 - 5.3
Cross 32 32 0.0 28 - 12.5 0.75 0.77 + 2.7 0.71 - 5.3
fv. 32 32 0.0 2B - 128
‘led ring compression, 1b./in.
In 19.3 22.6  +17.1 20.8 1+ 7.8 .49 0.5  + 20.0 0.53 + 17.8
Cross 15.4 6.6 + 7.8 16.0 + 3.9 0.36 0.5 +11.1  G.h0 4+ 11.1
stiffness, g.-em. o 68 8 4 1kl 84 4 23.5
Crosa 23 3 o+ 30.h4 27 o+ 17.b
te, 1v./10. In 95.2 125k 4+ 51.7 126.h 4 3.8 2.22 3.01  + 35.6  5.19 4 W37
Cross 32.9 50.7  + Sk.1 b6 b ¢ b1g Q.77 1.22  + 5B.4 1.17  + 51.9
hy B _ In® 2.2 1.8 -182 20 - 9.1
Cross 3.8 3L . 10.5 boro o4 257
9ot ié%‘"’“c“y’ In 771 1069 ¢ 37.5 9k 4 22.3
) Cross 300 sk 4 533 331 4+ 10.3
e ST 136 L.51 ¢ kLD 155 4 1h0
Cross 0.99 1.22 4 2B.4 1.5 4+ 67.1
it strength, kp.-em./sec.
In .74 Lo - 9.9 5.8 +23.2
Cross 2.97 2.33 31 5.3 2.58 + 13.7
¥, sec./100 cc. 28 09 2803 66 ¢135.7
a cmeothness, ml./min. T gsh 4 36.6 whz 4+ 490
ze, g./sq. m. 33.2 326 - 20k 3.0+ 11k

on US liner reculis as reference.

e of single wnd double face resulbs for A- und B-rlute.
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b TABLE XXIX

COMPARTSON OF PHYSICAL CHARACTFRISTICS OF FUROPEAN AND DOMESTIC LINERBOARDS AT 65% R
(25 6-26 G-1b ) .

\

£

#

f

4 - e .
13

i

i
|
. b W "R --Diff-, --8C- - Diff., 0] EG Diff , sC DAfL ,
i Test Property Liner laner %ﬁ Liner Laner Liner ™~ 7 - Liner- - - -
44
r
: Unit Weight Basis
! weight, 1b /M sq T 28 2 a7 b -2 8 27 0 b3 - - - - -
] Calipcr, Bt 10 0 80 -200 Bo -200 ~- -- -- -- --
; Apparent densiLty 28 3L 21 b 3 21 - — - — —
h Bursting strength, pe 1 & 70 o +5( 1 107 +52 9 2 48 3 50 +41 1 3 06 +59 7
! Flmendarf tear, g /sheet
] In 228 188 -17 5 e -298 Boy 686 -15 2 5 93 -26 7
] Cross S8L e -197 209 <26 b oo 832 -1k 7.6 231
] ' Ay 250 o0l | -16 8 18y 26 b .
L .
! Tareion tear, in -o7
In 58 52 =103 53 -8 6 2 06 1 90 -7 8 196 -4 9
Cross 68 57 -6 2 62 -8 8 2 Ly 208 -13 7 2 30 -h 6
Av 6o gy -12 9 58 -6 5 :
11 Puncture, unlt
o 20 13 -10¢C 16 -20 © 071 0 66 -7 0 0 59 -16 9
Cross 20 19 -5 0 16 -20 0 071 069, -2 8 0 59 ~16 9
Av 20 19 -5 0 16 -20 0
Mod ring compression, 1b /in :
In 154 159 +5 2 16 6 +7 8 0 55 o 58 +5 5 061 +10 9
Cross 10 8 10 4 -1 9 10 9 +0 9 0 38 0 39 2 6 0 4o +5 3
Tabc: stiffress, § -cnm I
Tn 25 20 -20 0 22 -12 0
Cross 10 6 - o T =30 ¢
Tensile, lb fin
in w8 75 28 878 366 3 L8 275 Tl 32 3 8
Crnas 20 8 20 th3 3 25 3% 21 6 o 7h 109 W7 3 C oh 270
Stioteh, P In 20 2 0 00 2 20 0
Crose 58 vo o HL6 5 W7 b .
Mod of elasticity, ot 105 ‘
n 59N gz 158 0 g5 ol 5
grons 234 3354 59 3 28k +18 8
TEA, in-1b fog 1n :
In 0 b N gl wRh 1 30 15 7 )
Cruss 0 60 1ok ¥ 3 L 06 6 T
IPC nond =trength, kp.—(,m./scc.
1 106 178 -9 2 L 98 A
Cron: 185 L6 -9 7 192 H oo
Forosity, sec /100 co 0 20 H20 O 32 222 C
& ndtsen omoothness, ml Jran 1108 803 -2f ) {63 =311
Cobb swre, g /W 35 6 524 -2 1 3% 8 0 O

[as
)P;i el on Us liner ru.ulta as 10 frrence
Ao gape of  wngle and do Mle tace 1eoultc tor f- sod B-f lube
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COMPARISON OF PHYSICAL CHARACTERISTICS OF EUROPEAN AND DOMESTIC LINERBOARDS AT 659 R H

(30 7-33 0-1v )

us EG  Dlrf ,

Tost [—’rc>pert3.'h Liner Liner
Weight, 1b /M sq ft 357 324 .92
Callper, pt 10 0 88 -120
Apparent density 36 36 o0
Bursting strength, p s 1.g 104 23 +83
Emendorf tear, g /sheet

In 270 226  -16.3

Cross 3h2 284 -17.0

Av, 306 255 -16.7
Torsion tear, in -oz

In 68 Sy -206

Cross 8s 68 -200

Av 76 62  -18 1
Puncture, unit

In 25 22 =12 ¢

Cross 26 22 -15 &

Av 26 22 -15 &

Hed  ring compresslon, 1b /in
In

fber stiffness, g -cm

Tngtle, 1b /in

Jinteh, 4

Cross 14 9 1L,2 =4 7
In 38 38 00
Cross 14 12 -1k 3
In 8l 5 99 L 42,0
Cross 28 2 363 +28.7
In 2L 20 =167
Cross L2 k8  +14 3

" of elasticity, p s { xle

In 81% 1080 #3227
Cross 316 56 g0
FA, in -1b /sq 1n

In 129 132 23
Cross 09 12k 4348

T bond strength, kp,-cm./sce
21Y 213 -18
Cross 189 212 2 2
OBty see /100 cc SL 125 4503 2
"disen smoothness, mi /min. 606 907 97
% size, ¢ /sq m 330 392 +88

T.
27"l on U5 line: results as reference

' érage or stagle and double face results for A- and B-flute

sC

Liner

= A
[=AN s RV RN ]

251
27k
262

6L
62
62

N
by
O

o
-~ O

874
3k L

Difyf,,

~11.8
-10
-1 1
+11 5

_T 0
-19 9
144

-5
-27
-18

£ 0

-12
-15
=15

o

-6 0

+10 5
00

+11 7
333

=16 7
35 7

us
Liner

EG DIff ,  SC
Liner Liner

Unit Welght Basis

3 07 34 6 2 89
112 i B 119

&
s N -]
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COMPARISON OF PHYSICAL CHARACTERL

- - us

Test Propertyh Liner
Weight, 1b /M sq ft Lo o
¢caliper, pt 11k
Apparent density 36
Bursting strengih, p & 1 & 98
Elmendorf tear, g /sheet

In 308

Cross 387

Av 348
Torsion tear, in.,-o%

In T

Cross 9h

Av, as
Puncture, unit

In 30

Cross 31

Av 30
Mod ring compression, 1 FE:

In 23 7

{ross 1 6
Taver stlffness, g.-Ci.

In 52

Cross 16
Tensile, 1b /in

8o b

Cross 27T 0
Streteh, In 22

Cross 51
Mod of elastleity, p.s 1 x}.Oj

In 729

Cross 216
TEA, In-1b /sq 1o

In 119

Crons L 06

TEC vond, 5trengih, kp.-cm./oees
In

19
Cross 1 89
Porosity, see [100 cc 28

Bondtcen smoothness, ml /min 666
Cobb size, g fsqa ™ 521

Ypgaed on B llner results as reference
Averape of wingle and double face results for A= and B-flute

EG

Liner

1 90
192

110
912
32 0

Fourdrinler Krafi Board Institute, Inc
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TABLE XXXI

mftf ,

5 b b
ocReoNasRaal

&
3

5C
Liner

10 2
3.1
37

282
32h
302

2 28
198

59
450
320

DiTE ,

Sal

3.3
+57 &

g

us
Liner

oo
=1
[e o281

op
A wn
DD

EG
Iiner

Unit

3,54

t-‘l‘\)
=
<oNn

P
t “:'—twf; ~ if,;;l:.\r:
.
b4

STICS OF EVROPEAN AND DOMESTIC LINERBOARDS AT 65% R
(35 8-38.0-1b )

Di§§ N

sSC

Liner

Welght Basls

-15.1
-16 2

27
-6k

+10.2
+22 2

+h1 B
5 5

wil

. .
= e apx;;',j"""_l
M-

oy

piff

+#9 0

-2.3
=10 7

80
-1L.5

+5 1

+19 4

+36 8
+72 1
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TABLE XXXII

COMPARISON OF PHYSICAL CHARACTERISTICS OF EUROPEAN AWD DOMESTIC LINERBOARDS AT 65% R M
(k1 D42 0.1b)

b s EG  DIff , sc DIff., B EG DLEf , 5 pef,
st Property Liner  Liner 'ﬁl Liner Liner Liner Llne:

i Unlt Welght Baste

‘hi, 1b /M oeBq It h3.7 L2 4 -5 0 Lo o -85 - - - - -
iper, pt 12 4 18 -4 B 12 4 0.0 - - - - --
wrent. denslty 59 36 0w g 30 -8 6 - - - - -
sbing strenpth, p s 1 g L3 et Lh2 025 7 2 99 3 ho 31 3 255 BT 1
wdort tear, p foheat
In 326 32k -0 6 303 -7l 7.6 7.6k 2,4 7 58 +1 6
Cross Lol 384 -4 2 350 -2 7 g 18 9 06 -13 8 9 -7
Av 36k 354 -2 7 327 -10 2
lon temr, In -or
In 85 70 -1h 6 7% -73 188 1.6% -12 2 1 90 HLo 1
Cions 104 88 -15 4 8o -23 1 2 38 208 -12 4 2 00 -16 0
A 95 B -6 1 0 161
ture, unit
In 3y 34 (4] 30 -11 8 o 78 0 80 26 0T -5 8
Cross Sh 3l 0.0 30 -11 8 c 78 0 8o 6 07 -3 8
Av 3k 3l 00 30 -11 8
ring compression, 1b /in
In 20 8 22 5 g2 21 0 o 0 b8 0 5% +10 b ¢ 53 HO L
Cross 15 8 176 *fLL b 16 2 5 0 36 0 b2 +16 7 0 Lo M1 1
1 stiffness, { -eom
In &8 By 20 6 &t #7 9
Cro-g 2l 50 250 25 th 2
ile, 1b /tn
In Busg 156 w92 1172 450 9 2 05 295 3 2 R0y the §
Crav - sl W8 h o ms 1 L2 8 IR 071 L1k +#0 6 1 of »50 f
Leh, o In 2 h 20 -6 7 21 -12 3
Crer o, . [[=) 38 <95 51 01 h
o1 elastlelty, p 1 1103
i vah QY5  if 2 8o +«w02
Cror s 209 oy hg B 290 ¥ 8
4 Lne-Lb /fsf[ I
™ 1ot L b v 8 LSk 11 O
Cions 1m L28 w5y 156 152 G
wond  strenglh, kp o -om Joec
i1 212 5oz b 2 50 FL7 O
Crev g I By o 0] 6 2 18 Ky
“iby, ser f100 o an 00 440 U 50 4136 0
L neonthnec o, nl fan 6P i f G 1070 wh 6
Ao, g fay om 28 23y -03 355 63
Teon US Yinar recults as el meonee
U gl ard ddoublde {ace resnlt, tor A- and B-1lute
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In view of the above relationship for basis weight, 1t 1s not surprising
that the U.S. linerboards are ingher in caliper (see Tables XXXIII and XXXIV) than
the competitive Buropean grade welghts, The per cent differences 1n caliper follow

and are illustrated 1n Tig., 15

Linerboard Caliper Difference, %?

50% R. H. 65% R.H

Tiominal U.5 U S.

Vt.,, 1b./ Linerboard Linerboard

M sg It Caliper, pt E. G. S.C Caliper, pt. E.G. 5.C.
26,0 96 -18.8 -18 8 10 0 -20.0 -20,0
33.0 g 8 -10 2 -1.0 10 0 -12.0 -1 0
38.0 112 -10.7 -11.6 11 4 8.8 -10 5
2.0 12 1 -4 1 -0.8 2.0k -4 8 0.0

8
U.S, linerboard results used as reterence,

3

Tt may be seen that al all grade weight levels the U S, linerboards are
in most cases significantly higher in caliper than the corresponding Eulopean
linerboards The greatest dirference 1o at the 25 &, 26.0-1b grade wveight level
and the lzast at the &1 0, 42 0-1b grade weizht level In general, the calipex
of the Svenska Cellulosa linerboard. average slightly higher than the caliper of

Fnso Gulzeit linerboards

It may be observed that the apparent Censitles (see Tables XXIIL and
HXIV) of the 26 0-1b and 38.0-1b. U.S. linerbcards are lower than ihe corre-
pondLng ropeart linerboards The densitles ol the 33 0-1b and 42.0-1b U S
tnerboaras dare approxumitely equal to rhe corresponding Enso Gutsell linerboards
il approrinately 8 to 11% higher than the compcbitive Svenska Cellulosa linot-
wrds.,  Tas per cent differences at the Tour grade weoights follow and arc

Llustralcd 1n Frg. 16
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Difference in Apparent Density, %ﬁ

Nominal 50% R. IL. £5% R0 .

Wt., 1b./ U, Linerboard U.S. Linerboard

M sq.ft.  Apparent Demnsity E.G. S.C.  Apparent Density E.G. 3.C.
26.0 5.0 +13.3 +13.3 2.8 2l 2L
33.0 5.6 0.0 -11.1 3.6 0.0 -11.1
38.0° 5.6 - - 4506 2.8 3.6 2.8 2.8
b2.0 3.6 0.0 -11.1 3.5 +2.9 -8.6

a . '
U.S8, linerboard results used as reference.

When the bursting strength (see Tables XXXIIIL and XXXIV) of the U.S.
and FEuropean linerboards are considered it may be noted thét the results for the
U.S. linerbhoards are markedly lower than those for the corresponding Rurcpsan
linerboards. The statistical significance qf the average differences for a
selected number of ﬁhysical properties at 50% R.H. was detefmined by means of
analysis of variance (see Appendix for proéedure). The per cent difference in
bursting strength at the four different grade weight levels are listed as follows

(topether with an indication of the significance of the difference - see figure

in parentheses) and are graphically illustrated in Fig. 17:

Bursting Strength Difference, %P

50% R.H. 65% R.H.
Nominal U.5. Linerboard U.S, Linerboarg
Welight, Bursting Bursting
1o, /M sq. f'E, Strength, p.s. 1. E.G 5.C. Strength, p.s.i.- E.G 5.C

26.0 T2 +38.0  +47.2 70 37,1 +52.9
{.oLy (.o1)

53.0 105 8.1 +6.7 10k +18.5  +11.5

' (.or) (.o0%) .

38.0 o8 8.8 38,8 98 +37.8  439.6
(.or) (.01)

h2.0 115 27.0 +18.1 113 27 25T
(.on) (.01}

Average 307 38,0 30,2 H2.)

a . . -
U.5. iincrboard used as roiercnco.
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It may be seen that the greatest disparity in bursting strength is aé
the lowest grade weight level and the least at the 30.7, 33.0-1b. grade weight
level. In general, the bursting strength results for the U.S. linerboards are
approximately 50% lower than those for Fnso Cutseit linerboards at corresponding
grade weight levels, and 32 ta 38% lower than those for Svenska Cellulosa liner-
Béards.':Iﬁ may be noted that all the diflerences in bursting strength between
U.S. and European linerbeards arc significant at the 1% confidence level. When
the bursting strength results are compared in terms of bursting strength per pound |
of basis weight, it may be scen thatlthe Burcpean linerboards are far more effic-
ient (i.e., develop greater bursting strength per pound) than the U.S. linerboards
as may be noted from the differences in bursting strength per pound of basis

weight tabulated as follows and shown in Fig. 18:

Differcnce in_Bursting Strength.oper Unit:Basis Weight, %

50% R. H. 65% R.H.

Nominal U.3, Linerboard U.S5. Linerboard

Wt , lb./. Bursting Strength, Bursting Strength,

M sq.ft. p.s.i./1b. E.G. 8.C. p.s.1./1b. E.G. 5.C.
26.0 2.57 6,7 4545 2. 48 +31.1 +59.7
35.0 3,00 +30.0  +20.3 2.91 +30.6  +26.5
58.0 2.h¢ ©oh6.2 0 450,20 2. 45 +4h. 5 +b9.0
2,0 2.69 30.5 8.6 2.59 313 37,1

a.. . . . ) .
U.8. linerbeoard results used as reterence,

The machine-direction Tlmendorf tearing strength results are tabulated
in 'fables XXXILL and XXXIV and the per cent differences, together with the level

ol significance of "the differcnues, ace glven as follows and also in Fig. 19:
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Difference in Machine-Directien Tearing Strength, %?

50% R H. 65% R.H.

Nominal U S, Linerhoard U S, Linerboard
Wt , 1b./ Tearing Sticngth, Tearing Strength,
M sq ft g./sheet, E.G S.C. g./sheet EG S¢
26.0 202 178 2902 228 =175 -298
(.o1) (.o01)
33.0 __2k0 -17.9 . -11 7 270 -16.3- -70 -
(oL) (o1)
38,0 275 -10 5 -10.5 308 75 -84
(.oL) ( o1)
h2 0 292 -1.0 -9 6 326 -0.6 -7 1
(o1) (.o1)
Average -11.8 -15.5 -10.5 -13 1

ol
U.S5. linciboard results used as reference.

It may be secen that 1n all cases the machine-direction tearing strengths
of U.S., linerboards are higher than the tearing strengths of corresponding European
linerboards — on an average basis, 10 to 12% higher than Enso Gutseit and 13 to
16% higher than Svenska Cellulosa linerboards. Further, all the differences are
statistically <ipnificant, Vhen the machine-direction tearing strengths are
consideied on a unit weight basis, the duifierences between U.S. and Buropean
Linex®oards are greatly reduccz, hovever, in most instances the tearing strenzth
factors are higher for the .S linerboards as may be seen from the diffe:ences

in pearing strengih factors tavulated as [ollows -

Divierence 1n Machine-Darection Tearing Strength Factor, %?

50% R.H, 65% R.H.

Nomina L 1,5, Lingrboard U.S Linerboard

Wl / Tearing Stirength Tearing

Mog . Fac Loz EG 5.C. Stiength Factor kG S5 C.
26.¢ 21 -15 2 -25 7 8 09 152 267
23 0 6 86 -9.8 -03 7 56 =T ¢ P50
5.6 6.98 -5 7 -3 2 7.70 -2 9 -2 9
2o 5.82 t1 9 22 T h6 o FL G

fverape -6 7 -7.9 -59 =55
‘__‘—-—Ar—'—t—.
IR

US. Tinorboard results used a» relerence.
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The cross-machine tearing stirengths of the U.S. linerboards are also
higher (see Tables XXXIIT and X¥XXIV) than the tearing strengths of the corre-
sponding European linerboards as may be seen from the following average differ-

ences sthich are 1llustrated in Fig 20

Difference 1n Cross-Machine Tearing StrengthL_%?

50% R. H. 65% R H.
Nominal U 8, Linerboard U 8., Linerboard
Ut o, lb./ C.D. Tearing C.D. Tearing
M sq.ft.  Strength, g./sheet E.G. S.C, Strength, g./sheet E.GC. S.C.
26.0 250 -18 4 -p5.6 28l -19.7 -26 4
(.or) (.01)
33.0 308 18 2 -p2v 32 -17 0 -19.9
(.o1) (.o1n)
38 0 340 «11 3 -15.% 377 -10.1 -16 3
(.oL) (.01)
o o 364 -3 0 =140 401 -hp 127
(or) (.01)
Average -12.7 -19 4 -12.8 -18 8
aU.S Linerbosrd results used as ret'erence

It =ay be noted toal all the dafferences are statistically significant
it the 1% confidence level The Enso Gutseit linerboards average 12 to 13%
lover and ihe Svenska Cellulosa 18 io 20% lower  The biggest differences are .n
the 25.6, 26 ©-1b, and 30 7, 55.0-1b, grade weight levels., When the results arc
cumparcd on a’ egual weight basis, the differences diminish considerably, hov-
ever, the U S linerboards still exhibit higher cross-machine tearing sirength
as ma’ be sees from the differences tabulated. [t 1s questicnable, howvever,
vhoethey the difference bewveen U.S and Enso Gutsert linerboards <t the &1 G,

Pt 0-1b. grade weight level 1s significant.
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: 2
Difference in Cross-Machine Tearing Stirenglh, %

50% R H. (5% R H.

Nominal U.S Linertoard U.8 Tincrboard -

Wt o, b/ C.D. Tearing C D Tearing

M sqg.ft Strength Factor E.G. 2.0, Stiength PFactor n G 5.C.
26.0 8.93 -13.8 219 10.07 S17 b =23 L
33.0 - 8.08 -10.0 -12 7 9 58 -8.5 -9 2
38 0 8.3 T 7 65 85" S 968 oo 5.7 S0
e O 8 50 -0 1 -7 1 .18 -153 bt

Average -7.6  -12.6 -8.2  -1l.2

a .
U.5. linerboaid results used as reierence

In view of the behavior ol the three iypes of linerboard relative to
Elmencdorf tearing strength, 1t would be expected that U.S linerboards would
also give higher torsion tear performance This 1s the case as may be seen from
the differences tabulated (see Tables YXXTIL ard XXXIV) and 1llustrated graphi-

¢ally 1n Fig, 21 and 22 . . '

5

. a
Difference 1n Torsio.. Tear Strength, %

In-llwchine Cross-Machine
Hominal .S, Linerboard U 5. Innerboard
Ht., 1o/ Torsion Tear, Torsion Tear,
M og.ft. un:y E. G. = C. uriit E G. 5.C

26.0 5C -1 0 -0 ¢ 56 -1k % ~T 1
2% 0 6o -6 7 -8 3 h ~25 7 -29.7
38 ¢ l -29 6 -9 g 8% | -28 9 -21
2.0 & -15 ¢ -11 b 86 -16.3 -22 ]

Average -18 05 -9, ~2L05 -20 2

I3 ]
U.5, linerboard jcsulbs vs,od as rororence

-
+
Ay s

J—

PR N

3
i




So Nearn Boavd Insiticuce, Inc. Page 1357
Iy e 250
Project 2302 Report Three

Lo bt

v ) T T 7
] t ] :
; ) i ! I
-5 ! i I )
l I [
i : ] 1
. [ i Leed
~-101— Lo-a
-154— . T ‘ T ‘ T 50% R.H.
——w—- 65% R.H.
o 25.6, 26.0 1b.
T T H
I | !
st o
| ! L
L
v |
10— l |
|
i |
-5 [ l
R | |
- f |
o ‘ |
Yo}
SC:) M |
5
&0 30.7, 33.0 1b.
G ., 1 1 L__‘.:
-
a : I
. -5 i
[y}
£y ! I
2 ; i
& -10f— [ ,
; 1
! I
|
__]5|— . | lI
I
\ I
_,".JO._. | W
2534
=301 _
35.8, 38.0 1b.
0
1 | T ¥
I I ! \
-5 i | ! i
[ | ! 1 I
J : Lo J
)
i 1
| |
-151 ‘ (I |
4.0, 42.0 lb.
G SC BEG SC

Wigupre 2. mparis ) rage Difference in Machine-Dircctbi
Migure 21 Co rigon of Avecrage Diffe ce in Machine-Dircction
Trrsion fes:s of Bhvopean and 118, Lincrbeoards




-

Average Difference, %

Page 138
Report Three

10

-10

-20

-30

-10

-20

30

-10

-20

-30

Fourdriniess KEArE -poard Institutei="uc .o -

- 50% R.H.

| ~—e—~ 65% R.H.
] I | L)

t |

- § i i !

| g ; R
v )

e | IR |

r -

—

' 5.6, 26.0 1b.

1 I -1 i
| | : : '
= R

| ! ' '
L— i | !

f ' ' .
| | I i .
» iy

L-.Jd
— 30.7, 33.0 1b.
T T ! T
1 [}
| i I | |
| ] | IR |
— ] }

| I

N | S |
35.8, 38.0 lb.

T T T T

| ! ! !

R
B | ! I :
| Lo i I
- | )

L_-Jd
" k1.0, 42.0 lb.
G 5C EG 5C

Cigure 22, Comparison ol Average Ditference in Cross-Direction
oyttt b Meopean and VS, Linerboards

Project 2592




Fowrdilnler Krat't Boa:d Tnsi -ute, Ine Page 139
Projeoct 2592 : Report Three

Difference 1n Torsiocn Tear Strength, %F

In-Maching Cross-Machine
Nominal U.5 Iinsirboard U.5. Linerbeard
We., 1b / Torsion Tear, Torsion Tear,
M sq. ft unit EG S.C. unit E.G S.C.
- 65% R.H.
26.0 58- ~10.% 86 68 ) -16.2 -8.8
33 O 68 -20 6 -5.9 85 -20.0 -27.1
38.0 T7 -19.5 -1.3 gl -20,2 -12.8
2.0 83 -1h.6 ~7 3 104 <15.4 -23 1
Average -16 3 -5 7 ~-18.0 -18.0

a
U.5. linerboard results used as reference.

On arn average basis, U.S. linerboards are 16 to 18% higher 1n machine-
direction torsion tear than the corresponding Ensc Gutselt linerboards In
contrast, U.S, linerboards are only 5 to 10% higher than Svenska Cellulosa liner-
boards When cross-machine strengihs are considered, 1t may be seen that U S.
linerboards arc 18 to £1 . higher than the Eurcpean linerboards Converting the
resvlls to a unit veight oasis reduces the differences; in most instances, U.5.
Linerboards are still ricrer  Jowever, some of the differences between U.S. and

Svensha Cellulosa linerboards sn a unit weight basls may not be significant.

The puicture ssrength of the linerboards (see Tables XXXIII and XXXIV)
exhibit a trend similar oo those Just described for Elmendorl tearing strength
and torsion tear Strengsth in that the U,S. linerboards generally give higher test
valves  fAis may be seen .r Lhe Zollowing tabulation of per cent difference and
i Fig, 2% and 2h the supsciority of U S. linerboards 1s greatest at the two

lover grade veighl levels.
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Difference 1n Puncture Strength, %?
Nominal In-Machine Cross-Machine
Wt., b /  U.S. Linerboard U.8. Iinerboard
M sq.fi Puncture, unit E G SC Puncture, unit EG 5.C.
50% R. 1,
26 © - 20 -10.0 -20 0 _ 20 -10 0 -20,0
3% 0 2l -12.5 -16.7 2l -8.% -2 5
8.0 28 -7 1 -7 1 28 -7 1 -7 1
bo 0 32 -35.1 -12 5 32 00 -12 5
Average ~8 2 -1 1 -8 2 -1h. 1
65% R.H.
25.0 20 -10 0 -20 0 20 -50 -20,0
3 0 25 -12.0 -12 © 26 -15 4 ~15. 1t
38 0 30 -6.7  -133 51 -97 -16.1
L2 0 L 00 -11 8 | Bl 00 -11.8
Average -7 2 -1h 3 ‘ -7 5 -15 8
“U 3. ilngzboard resulis used as reference
Because of the lovrer basis weilght associated with {he European liner-
beards, converting the punctare results to a unit weigh, basis has Lhe clfcel of
decteasing the dilferences roted above. In most instances the U 8, 1linerboards
c.hibit higher puncture on an egual weighi basis than European linerboards 7

The medified ring compression test 1o a measure of the edgevise compros-
sion sirength of the components and 15 considercd Lo be an important cioss-machune
direction property of linerboard and corrugating mediwa iaom the s landpoint of
tov-load compression, It was shown eariler that the cross-machine cdgeuvise

rorprossion sbrenplbh of Lhe corrugated bogrd s the moou importont corbined Hoar d
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property in so Far as top-load box compression is'concerneé: It has beeh found
that, as a first approximation, the edgewise compression strength of corrugated
soard in.the cross-machine direction is equal to the sum of the cross-machine
iirection edgewise compression (modified ring compression) streﬁgth of the com-
- -:onents —-i.e., the sum of thié;tesﬁ property for the single;facé liﬁerboard,
ouble-face linerboard, .and corrugating medium corrected

or draw. In so far as end-load compression is concerned, machine-direction
dgewise compression strength of corrugated board is the most important combined

Jard property. However, machine-direction combined board edgewise compression

srength 1s not equal to the sum of the machine-direction modified ring compres-

lon results for the componentsbecause failure in combined board stressed in the

«chine direction maniflests itself as interflute buckling instead of compreséion

" the linerboard, especially of the single-face linerboard; consequently,

exural stiffness of the linerbcoard in the machine direction and not its

.
-zevise compression strength is of greater import in consideration of end-load

w compression and is related to machine-directicn edgevise compression of

wmined board as indicated below:

' 0.5 :
Po- 7
e = F DT | (3)
ro

qu = machine~direction edgewise compressicn of combined

=2 hoard, 1b./in.
k= constant
Qy = ['lexural stilfress of linerboard in machine direction,

= lb, -in,
¥ = dislance hetween [lute tips, in.

The dil'fcrences in machine-direction modiflicd ving compression tabu-

iodn Tables XXXTID and XXXIV are lisled as {ollovs and graphed in Fig., 25:
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50% R, H.

65% R.H,

U.8. Linernoard

, e Ring Com rzzsion, Ring Compression,
e b, /in, E. G. S.C. ib./in. E.G.  s.C
T 16.c 0.6 8.8 15.4 ¥5.2 7.8
(ws)  (.05)
A 23. .- 8.1 -1h.5 23.2 -6.9 -~13.8
(.on) {.on)
5 2h.C 2.5 b2 23.7 .8 -1.7
(.or) (.o1)
N, 19.3 +17.1 +7.8 20.8 +8.2 +1.0
(.o1) (.o1)
Average . +3.0 -0.5 42, 1 ~1.7
8. Lisevvoard results  used as reference.
L7 I may be notes that at the 25.6, 26.0-1b. grade weighi level the
B Yrazs wod exhibits lower machine-direction modified ring compression
Lﬁﬁ?ﬁi “ninoihe European linerboards; however, the difference between 1.3,
4 ®as G0 o iilnerboard is not significant and the corresponding aifference
WS . lvonska Cellulosa linerboard is significant only at the 5% level

MR A

R U ERE signiticantly lower.

Tl

M.D. Modilied

U.S5. Linerboard
M.D. Modified

i1v higher results than the Euvopean linerhoards.

At the 35.8,

+

i the 3G.7, 33.0-1b. grade weight level, the U.S. linerboards

©Weirht level the results for Enso Gutseit linerboard are signitii-
- Than the resulets Por U.S. linerboard, and the results For Svehska
At the k1.0, 42,0-1b. grade weight
oo orbonrd used In this studf is assoclated wibth modilled ring
fhaosiymificantly lower than the results for the corresponding

'y the greater disparity being with the Enso Gubseit liner-
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The average differences 1n cross-machine modified ring compression
strengih arc shown in the folloving tabulation {sec Table XXXTII and XXXIV) and

1llustrated 1n Fig 26

i T Difierence 1n Cross-Machine Modifiled Ring Compression, %?

S0% R H © 65% R.H.
U S, Linerboard ! U.5 Linerboard
Nominal C D Bbedrfied C D Modified
Wt., lb./ Ring Compression, Ring Compression,
Msq.ft b /in E.G. S cC 1b /1in E G S C.
26.0 1.7 -0.9 42,6 108 -1 9 +0 9
(vs ) (Ns)
. 3.0 16 0 -5 0 -11 2 14.6 by -6 0
; (.o5) (o1)
i 58.0 15 6 4141 5 8 i 6 113 7 g 6
: ) . {.oL} { 01)
e o 15 L +7 8 15 9 15 8 P11 L 2.5
i (.o1)  ( 05)
L | Average .0 0 3 Hy 6 5

(i.
U 5. Ilinerboard results uscd as reference.

: Tt may be noted thei, a< in the case of machine-direction modified ring
compression »brengih at the 25 6, 26 0-1b. grade weight level, there 1s no highly
A significant diffcrence 1n cross-machine modified ring compresslon strength betweer
U9 and Furzpean Tinerboards At the 50,7, 53 0-1b grade weight level, U.S.
Linerboard gives <lightly highe: tresults than Furopean linerboards At the %5 8,

58.0-1b. ana M1 0, 2.0-1b grade weight levels the U S lanerboards are lowecr in

c1ngs-machine modiited 1ng conpression stirenglh than the European linerboards

Taoer stififness, a reasure of [lexural stiilness, 18 of secondary impor-
, tance 1n Lop-load compresaion hub of primary ugpol lance n end-load hov compres-
Lo A previows |y deocribed, Lhe machine~dircciilon edgewise compression olrenpu”

of corrugaled conbingd boaara, il 1o Lhe most umportant combined board proper!s

¥ st
R e T
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in 50 far as end-load box compression 1s concerned, 1s governed by the machine-
direction flexural stiffness of the linerboard and the d1stance between flute
tips  Flexural stiifness, both win and cross, enter intc top-load compression
through their secondary influence on the cross-machine edgewise compression

strength of comblned board

The machine-direction Taber stiffnesses are tabulated in Tables XXXITI
and XXXIV. For the purpose of comparison the average differences in Taber stiff-
ness resuits between U.S and Furopean linerboards are listed as follows and

graphically presented in Fig 27

Average Differences in Machine-Direction Taber Stiffness, %?

50% R. H. 65% R H,
Nominal U.S. Linerboard U S Linerbeoard
We., 1o,/ M.D. Taber M D. Taber
M sq.ft Sti1ffness, g.cm. EG S.C. Stifiness, g.cm EG 5.C.
26,0 26 -23.1 -15 & -1 -20 0 -12 0
(o1) (o01)
330 Lo -7 5 +5 0 38 0.0 K10 5
(s ) (ng)
38,0 53 0.0 -9 & 52 +3 8 -7
(-) (.o1)
2.0 £5 11k, 7 23 5 68 +20 6 +27 ¢
(.01} (.o1)
Average -0 +0, G bLo1 + 7

a
U S. linerboard results used as iefeorence

IL may be scen thal at the 295 6, 26 0-1b. grade weight level, the U S
linerboard gives sizaificantly higher flexural stiffness (Taber) than the com-
pet1tive made velgnts of European linerboards At Lhe 307, 33 0-1b  gradc
vclght level there 1s neo sipnifiicant duiterence betveen U S5 and European lincl-
boards. At the 35 8, 38.C-1b grade veight level therc 1s no significant difler-

crnce betveen U.S a d Enso Gutsert Livoe:boacds, however. Lhe Svenska Cellulosa
2 2
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Linerboards are significantly lower At the 41 0, 42 O-1v grade weight level

the U.S. linerboard gives significantly lower (15 to 30%) Taber stiffness than

the Buropean linerbcards

The average differcnces in cross-machine Taber stiffness are tabulated

as follows (see Tables XXXITI and XXXIV) and 1llustrated in Fig 28

Average Difference in Cross-Machine Taber Stlifnessl_%f

50% R.H. 65% R. H.
Nominal U S Linerboard U.S. Linerboard
Wt., 1b./ C.D. Taber C.D Taber
M sg.ft. Starfress, g.em, EG 5 Stiffness, g cm E.G, 5.C.
26.0 10 -20 0 -20 © 10 -h0 0 -30 0
(.o5)  (us)
35.0 1h -7 1 00 1k -1k.3 00
(.o5)  (us)
38 0 16 +31,2 k2.5 16 5 0 6.2 !
(.o1) (.01} j
b2 o 2% +30, 4 +17. b 2k +25,0 th 2 j
(.o}  (.01) |
Average +8 6 12,5 -1l -5.9 ;

a
.S, linerpeoard results used as refercnce.

It may be observed that at the 25,6, 26 0-1b grade welghi level the
U 8. linerboard gives highe:r cross-machine Taber stiflne<s rvesults than the
Buropean linerboards. Therc appears to be no dificrence betveen U.5. and Svenska
Cellulosa linerboards at the 30 7, 33 0-lb grade weieght level, hovever, the U.S
linerboard gives higher results than Ensu Gubseit linciboard At the 35.8, 58.0-
1b, and 41 0, h2.0-1b grade veights the U.S. linerboards are lower than the

corresponding Burvupean Linelboards

The dilference in lensile properties between U5, and Buropean liner-

boards may be secrn from the results tabulated 1r Tables XMYTIT and YXXIV For
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the purpose of comparison the average differences in machine-direction tensile

strength are given as ‘follows and are graphically illustrated in Fig. 29

Average Diiference in Machine-Direction Tensile Strength, %ﬁ

50% R. H. 65% R. H.
Hominal U.8, Linerboard . UJ.5. Linerboard
Wt., 1p./  M.D. Tensile M.D. Tensile
M sq.0t, Strength, 1b./in. - E.G. 8.C. .. Strength, 1b./in.  E.G. S.C.
26.0 57.0 9.6 +57.5 52.8 +42.8 '+66.3
33%.0 86.6 5.6 +15.2 81.5 +22.0 +11L.7
38.0 86.0 +55.8 4291 80.4 - +35.2  428.1
2,0 95.2 BL.7  +32.8 89.5 129.2  430,9
Average $2.8 433.5 ‘ +32.3 4343

a , .
U. S, linerboard results used as reference.

It may be seen that the U.8. linerboards are significantly lower in
machine-direction tensile strength than the European linerboards. The differ-
ences range Irom 12 to 66%  The biggest difference is at the 25.6, 26.0-1b.
grade velght level and the smallest difference is at the 30.7, 33.0-1b. grade
welght level, When the machine direction tensile strength results are calculated
on & unit weight vasis, the diiferences between U.5. and European linerboards
increase, os would wo expecled, betause of the lower weight of the Eurcopean linecrs

hoards.

The erossz-machine teasile strength results are shown in the following

table in terms of averupge differences and are illustrated in Fig., 30:
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Average Difference in Cross-Machine Tensile Strength, %

50% R. H. 65% R. H.

Nominal U.8. Linerboard . U. 5. Linerboard

Wk., ib./ C.D. Tensile | C.D. Tensile

M sqg. i, Strength, lb./in. E.G. 5.C. Strength, 1b./in. E.G. - 5.C.
26.0 57.0 +37.8  +18.9 52.8 3.3 21,6

-33.0- 86.6 CTip5.0 429.8 81.5 08,7 +33.3
38.¢ 86.0 +#3.3  +58.5 80.4 +65.9  +62.2
he.0 95.2 “5h1 0 +hl.0 89.5 . +55.1° +37.2

Average +45.1  +37.0 s +8.2  +38.6

a .
U.S. linerboard resulis used as reference.

As in the case of the machine-direction tensile strength, the 1.5,
linerboards are significantly lower in cross-machine tensile strength wbeﬁ
compared with the European linerboards. It is believed that the«gfeater Cross-
machine tensile strength1is responsible for the relatively good rough handling
peri'ormasce of the hoxes made with European linerboards even though their éear—

ing strsngths are lower than those of the corresponding U.S. linerboards. Vhen

the crossz-mochine tensile strengths are calculated on a unit weight basis, the

differezzes are increased in favor of the Buropean linerboards.

Tha scrétch characteristics of the linerboard play an Important role
() in »sugh handling periormance, particularl& cross-machine stretch and
tensile, (b) in foldirg at the scorelines, and {c) in flexural stiffness. Fﬁr
the purpose of comparison, the average differences in stretch characteristics
ave shows in the following table (see Tables XXXIII and XXXIV) and are graphic-

4ily Lliuzorated Ln Fig, 31 and 32¢
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Average Difference in Stretch Characteristics, %?

Nominal‘ In-Machine Cross-Machine
! Wt., 1b./ U.S. Linerboard U.S. Linerboard
f M sq.lt. Stretch, % E.G. S.C. Stretch, % E.G. S.C.
i 50% R. H.
['[" LT 25.0 - 1.8... 5.6 +22.2 LZ{_.l_ o -%J}S.?_ +58. 1
33.0 2.2 -9.1 -13.6 3.6 +19. 4 LT
i 33.0 2.0 - -10.0 +15.0 L.y -22.7 +22.7
2,0 2.2 -18.2 -9.1 3.8 -10.5 23,7
IE Average ~7.9 +5.6 +7.9 +36.6
! 65% R.H.
i 26.0 | 2.0 0.0 +20.0 5.8 316 7.
] 3%.0 2.k . -16.7 -16.7 h.2 +1h. % +35.7
58.0' 2.2 ' - -9.1 +9, 1, 5.1 -25.5 +17.6
42,0 2.h -16.7 -12.5 4,2 -9.5 +21, 4
Average -10.6 0.0 . 2.7 +50.5
=}

U.5. linervboard rzsults used as reierence.

It may te observed that the U,8, linerboards have higher machine-
direction stretch than the corresponding linerbeoards made by Ensc Cutseli except
pusslbly at the 23,0, 26.0-1b. grade weight‘level at which they are apnroximately
egual. [n contrast, the Svenska Cellulosa linerboards have higher stretch at
the 25.6, 26.0-1b. and 35.7, 38.0-1b. grade weight levels but lover streich

chazracicristics at the 30.7, 33.0-1b. and 41.0, W2.0-1b. grade weight levels,

When cross-machine stretch is considered, it may be noted thail the U.S.

Linerbeards have higher stretch than the Enso Gutseit linerboards at the 35.7,

-

58.0-1b. and h1.C, h2.0-1b. grade weight levels, but lover strcteh at the ivo

towent grade welzht levels. . Inconbract, the U.S. linerboards have Lover
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cross-machine stretch at all four grade weight levels than the Svenska Cellulosa

linerboards

The modulus of elasticity 1s defined as the ratio of stress to strain
It 1s an important factor in flexural stiffness which 1s functionally related
to EI where E 1s the modulus ot elasticity and I 1s the moment of inertia. E
15 a material property dependent upon bonding, fiber length, etc , whereas I
15 a configurational property dependent on shape of cross section and dimensicns
Modulus of elasticity of linerboard plays an important role, because of 1is
relationship to flexural stiffness of combined board and the machine-direction

edgevise compression strengih of combined board.

The modull of elasticity are given in Tables XXIII and XXXIV. For
purposes of comparison the average differences in elastic moduli are given in
the following tabulation and graphically illustrated in Fig., 3% and 34, respec-

tively, for machine and cross-machine directions:

Average Differences in Elastic Modull, %?

In-Machine Cross-Machine
U.5 Linerboard U S Iainerboard
Nominal Modulus ot Modulus of
Wt., 1z / Elasticit;, 3 Flasticity, 3
Msg.it 1b /sqg wn. x 10 E.G. S C 1b /sg.in x 10 E.G. 5.C.
50% R H.
26 C ‘ Gy 52, G +60.7 271 +55 1 +18.8
33.0 870 55,8 3.1 354 +20.9 -2.%
38.0 182 +h2 5 22 8 279 8.5  +35.5
ha ¢ Tl 7 5 923 300 513 +10 3

a
U S, Jinciboard resulls used as reference
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Average Differences in Elastic Moduli, %?

In-Machine Crosg-Machine
U.S. Linerboard U.S. Linerboard
Nominal Modulus of . Modulus of
Wt., 1b./ Elasbicity, Elasticity, .
M osq.ft. 1b./sq.in. x 10 E.G. 8.C. 1b./sq.in. x 107  E.C. s.C.
. 65% R.H.
6.0 500 58,0 61,5 259 4393 188
3.0 814 +52 7 +5.7 316 +12.0 2.5
38.0 129 +4%,2  423,3 246 5.1 BT
ba, 0 72k 37,2 +20.2 269 +45.8 +7.8

a . .
U.8. linerboard results used as reference,.

It may be seen that the U,5, linerboards are generally associated wich
Jovwer moduli than the Burcpean linerboards. In most instances the differences
are probably significant. The greatest difference is at the 25,6, 26.0-1b. grade
geight level. TInasmuch as the modulus of elasticity is dependent to a large
extent on the degree of bonding, as is bursting streﬁgth, the fact that U.S.

linerboards give lowver moduli should not be surprising.

The <ensile energy absorption, T.E.A,, iz a measure of the energy
absorption capacity of a linerboard, It is the energy corresponding to bthe arm
under the tcnsile load-deformaticn curve; thus, T.E,A. 1s a function of boli

ot

tensile and the corresponding stretch characteristics. It may be recalled ¢

the tensile strength of U.S. linerboards werc lower than the corresponding

"y

Linerboards; nowever, the stretch characteristics varied from higher to loveor
depeading on whe grade weight and manufacturer; thus, Lt vould be expected i
the came may cccur relative to T,E.A., TFor purposes of comparison, the ave:s
dilTerence beivwcen U.S.  and European linerbéard in T.E.A. results arc wo wos D

(sce Tables YXXTIT and X¥XIV) and praphically illusbrated in Fig. 3% and 3,

respectively, Por machine- and cross-machine direcction T.E.A.¢
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Average Difference in T.E.A. Results, "¢
Machine Direction Cross-Machine Diven- ., -

Nominal U.8. Lirerboard U.8. Linerhboard o
Wt., 1v./ T.E.A., T.E.A.,
M sq, ft. in.-1b. /sq.in, E.G. 5.C.  in.-1b./sq.in. L
50% R, H.
26,0 0.71 : . .. #33.8 71,8 C0.53 L. L azz e G-
33.0 1.24 8.1 -4, 8 0.85 L
38.0 1.1k +19.%3 44l 7 1.00 LI e
he. o 1.36 +t11.0  +1k, 0 . 0.95 I i
Average +18.0  +33.8 42 e
65% R.H,
26.0 0. 74 B2, h w757 C.60 T
33.0 1.29 2.3 -11.6 C.% el
38.0 119 AL3 +37.8 1.06 S RO
k2.0 1.38 | +5.8  +11.6 1.02 LD
Average ' +13.7  +28.4 A 7

-
a ,
U.8. linerboard results used as refercnce.

2

It may be seen that the T.E.A. characteristics of U8, Zisz-n-s-..
lower than those for the corresponding grade weights of Enso Gutzel~ ian-..,
The greatest difrerence is ab the 25.6, 26.0-1b. grade weight level, o.. ...
T.E.A. characteristics of U.S. linerboards are compared with those <2 2o..- .
Cellulesa linerboards, it may be noted that the T.E.A. values for i =, T
are lower except for the machine-direction value at the 30.7, 35.5-7-. dene

"eight level. The greatest disparity is at the 25,6, 26.0-1n. gredn wn e

The I.P.C. bond strength is u measurc of the degree of ~rgo-wve - ...

ing of the fibers, and, consequently, is related to Lhe varlous CETrEr wn
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of the linerbhoard.
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The average differences in bond strength are as follovws (see

Tables XXXIIT and XXXIV) and are graphically illustrated in Fig. 37 and 38,

respectively, for .machine and cross-machine bond strengthi

Average Difference in I.P.C. Bond Strength, %?

Machine Direction

Cross

-Machine Direction

Nominal U.5, Linerboard
Wt., 1b./ Bond Strength,
M aq.it. kp .cm. /sec.
26.0 .3k
35.0 k.55
38.0 3.2k
2.0 b.76
Average
26.0 1.96
353.0 2.17
38,0 1.92
h2.0 2,12
Average

E. G. S5.C.
50% R.H.
-25.5 +15.1
-7.3  +51.6
24,7 +0.1
-9.9 3.1
-4, 0 #59.5
65% R.H.
~9.2 +1. 0
-1.8 +5.5
o -1.0 +18.8
¢ +17.9
b2 +10.8

a .
U.5. linerboard results used as reference.

U.5. Linerboard
Bond Strength,

kp;.cm,

3.13
2.26
1,68

a.27

1.85
1.89
1.89
1.85

/sec. E.C. S.C.
26 -19.8
2.7 439.8
Shos 57,1
5.5 4157
oL w227
-9.7 +3.8
+12.2  +18.5
+1.6 +it. 8
8.6 +17.8
+H.a HlL.2

It may be noted that except in one instance the U.8. iinerboards

gxhibit higher average machine-direction bond strength than the Ense Gutseit

linerboards.

direction bond strenpth than the U.S,

ctrengths are compured, it may be seen that ai the 25.56, 26.0-1b.

linerhoards.

When

In contrast, the Svenska Celiulosa linerboards gave higher machine-

the cross-machine bhond

grade wecight

level, the U8, linerboard gives higher resulis gensrvally; at the three higher
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grade weight levels, however, the European Iinerboards give higher cross-machine

bond strengths,

The Porosity of linerboarg Plays an important role in frinting, bond-
ing on the corrugator, in cése sealing, etc., aﬁd is functionally related to
&eﬁéit&. The'pérosity-is defermined in £erms of the time for a glven volume of
air, 100 cc., to pass through the‘test Specimen; therefore, the higher the time
in seconds, the less bPorous the linerboard. For comparison purposes the average
differences in Porosity are tabulateg as follows (see Tables XXXIII and XXXT1V)

and are graphically illustrated in Fig, 39,

Average Difference in Porosity, 4

50% R, H. 65% R.H.

Nominal u.s, Iinerboarg - 1L s, Linerboarg

We., 1b./ Porosity, Porosity,

M sq.ft. sec. /100 cc. E.G. 5.¢C. sec. /100 cc, E.G. S.C.
26.0 ' 13 HBh.6 w2077 10 +120.0 +422p.0
33.0 38 L H257.9 ~21.6 31 +303.2 ~32.3%
38.0 29 +369.0  +120, 7 o8 292.9 4964
2.0 28 289.3 4135, 7 25 . +300.0 +136.0

Average C 50,2 +108.1 #2540 +105.5

aU.S. Llinerboard results used as referernce.

It may ve seen that except for one instance the U.5. linerboards
exhibis lowér Porosity test values and, hence, are more porous than the corre-
sponding European Linerboards. pmnso Gutseil linerboards generally give highep
Dorosity valyes than Svenska Cellulosa Iinerbeards. Tf Lhe borosity values are
too nigh, di{ficuity may be encountered Auring fabrication. [n fact, in connec-
blon with the Fabrication of the combined boards made in this study, it was

ecessary to repun Run 20 (Enso Gutselt Linerboard) because of poor adhesion.
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In general, the Burcopean linerboards were more difficult to bond because of their

high, nonuniform moisture conient.

Smoothness, as reported herein, was evaluated by means of a Bendsten

smoothness tester in which smoothness is measured in terms of the volume of air

which will pass between the top (opposite to wire side) surface of the specimen
and the test plate in a given time; the higher the volume, the rougher the

specimen,

The average differences in smoothness are as follows (see Tables XXXIII

and XXXIV) and are illustrated in Fig. 40:

Average Dilference in Smoothness Test, %

50% R.H. ' 65% R. H.

Nominal U.S8. Linerbtoard U.S, Linerbcard

Wt., 1b./ Smoothness, Smoothness,

M sq.7t, ml. /min, E.C. S.cC. ml. /min. E.G. S.C.
26.0 987 -22.5 -13.1 1108 -27.1 -31.1
33.0 498 7.6 66,7 605 +h9.7 b2
38.0 616 +hg 2 -19.2 666 +36.9  -32.4
2. ¢ 700 6.6 +49.0 692 2.6 +5h.6

Average o2 20,8 : +25.5 +3.8

a , . - .
U.8, linerboard results used as reclerence.

Tt may be seen thae: the smoothness test results of the U.8, liner-
boards at the 25.6, 26,0-1b. grade weight level are higher and, hence, the
smoothnesns of U.S, linevboards is lower than trhat ot the Buropean linerboards
at this grade velght level. With one excepliorn at the other grade welght levels
the smoothness test results are Ligher on the Furopean linerboard and, hence,
they are less smooth than the U.S. Linerboards. 'The one exceptlon is the Svenska

Ceilulosa lLinerboard at Lhe 5.7, 38,0218, pradc welght level.

e T TR
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The Cobb size test was used to evaluate the degree of ninig

of this test the degree of sizing is measured in terms of the amuns, ~p

picked up when one side of the test specimen is exposed ho water oo .

By means

aoisture

# presocribed

‘time period; thus, the higher the Cobb size value the niorer Lhe Liniiz. Fop
purposes of comparison, the average differentes in Cobr size po, - Breomn follows
(see Tables XXXIII and XXXIV) and graphically illustrezsd i Pig. . .
Average Difference in'Cobt Size, %?
50% R. H. €57 7.5

Nominal U.5. Linerboard ’ U.S, Lizerbeard

Wt., 1b./ Cobb Size, Cobb 3ize,

M sq.ft. g./sq. M. E.G. %, C. g./sq.%. i = ¢
26.0 38. 5 3 2.9 33.% s
33.0 35.6 +21.6 +7.6 35, o I
38.0 36.5 -1.9 +0.3 >e.7 -z, 21
42,0 53.2 -2, 411k 26.% A S

. Average 3.5 +h 1 - L s
8U.S. linerboard resulis used as reference.
It may be observed that at the 25.6, 26.0-1L. srain velzr- -

0.8, linerboard exhibize lower size resistance — i.e., e U v e £ e

higher than those for the corresponding Furopean linert.zr-4:, v+ - S

ferences are not Tavge enough Lo be comsidered signifizzc~, 5 o - gooin. ., .

there is no significant difference In the water resisier~s =. sz, --- sre et

sive test except fov Enso (utselit linerboard at 30.7, %3.°.-1%. Fraen TS -

and Svenska Cellulosa i;ncrboafd at hl.0, 42.0-1b. graée wnizs~ .o .

thesge linerhoards appear Lo be lower ln water resistance <rgr - --- Y

U.S. Llinerboards.

I —
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European linerboard appears to be made from a furnish consisting mainly
of Scotch pine, refined to a lovwer freeness and average [iber length and presum-

ably run at a slower machine speed than U.S. linerboard. fThe results of this

study indicate that the property of Burcpean linerboard responsible for their

- - -

coﬁpetifivé potential.ié ﬂotrburstiﬁg strength bat the level to which the more
basic mechanical properties — e.g., cdgewise compression, modulus of elasticity,
tensile strength, ete. ~.dovelop concomitantiy with bursting strength. 1In

spiie o the lower basis weight, European linerboards used in this study exhibit

about equal edgewise compression but markedly higher tensile and modulus of

clasticity characteristics than the corresponding U.S. linerboards.

Previous studies have shown that bhox ccmpression is primarily dependent

on two fundamental combined beard properties, namely, edgewise compressicn and

(lexural stiffness. Further, it has been found that the cross-machine edgewise
compression, which is the dominant combined board property in the case of top-
load compression, is a function of the cross-machine edgewise compression of the
‘omponents and to a lesscr degree a function of thé cross-machine modulus of
lasticity of the Iine;board. The flexural stifizzss of the combined hoard has
wen found to be- primarily a fusction of the modulus of the linerboard and the
‘liper of the combined board. Thus, it should ns. be surprising that the lower
‘wlghl Buropean linerboard which exhibits about ecual edgewise compression, but
wrkedly higher moduli gives box compression performance in gencral about equiv-
ent te hoxes made with heavier welght U.5., linerboard. On an equal weight
3613, hoxes made with Furopean :inerbourd bend te zive cqual or higher box

“Mpression compared to boxes made with U.S. linertoard.

The attainment of markedly higher burstizg strength, tensile strenglh,

wiu] . . o . . .
lus of elaslicity, e te., by the European lingriboards at a substantially lower
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basis weight by means of zreater refining — better bonding — 1is made possible

at the expense ol fiber length and, hence, tearing strength. The lower tearing
strength of the European linerboard iz also manifested in lower tearing strengih
combined board as measured in terms of torsion tear and puncture resistance. T

might be anticipazed that boxes made with Furcpean linerboard would be inferiov

to boxes made with higher tearing sirengih U.S. linerboard in terms of such rough

handling tests as corner drop and drum performance. It should be emphasized,

however, that rough Aandling performance is dependent on cross-machine tensile

and energy absorpiion, T.E.A., properties as well as tearing strength. In terms

of" rough handling perflormance the lewer tearing strength of the European llﬂEl
boards is compensated for, in part at least, by substantially higher tensile and

energy absorption characteristics compared to the U,S. linerboards.

In order <o compare the uniformity of linerboard from the three sources,

the coefficients of variation wvere determined for a selected number of test

[
—ay

properties at 50% R

tr

tearing strengin, madifled ring compression and Taber stiffness. The coeflric-

-

ienﬁsof variatizn are ~abulated in Table XXXV, Tt may be seen that on the tasis
af’ thc coefficisnis o variawlon <he U.S, ilnerboards are generally slightly
more uniform than the Zuropean linerboards. This is of importance, for examiie,
when considered frim iz siandpoint oL‘Bukfhl which siates that only one burs '-
ing strenglh reading oub of six {16.7%) may be below the specified level. &
the other hand, this particular requirement would not penalize the Furopeu:n

lirerboards becausz tholy aversge bursting strengths exceed by far the rec.ir”

ments to meet Rule 1.

When the teaving strengths arc compared lL may be noted that the ™ i@

w

very little diflorence ln whe ceefficients of variation although the U.

The properties selected were bursting strength, Elmeniory
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TABLE XXxv

COMPARISON OF COEFFICIENTS OF VARIATION
(50% Relative Humidity)

Coefficient of Variation

Nominal Grade Weight us G SC
Test Property Linerboard, 1b. /M 8d. ft. Linerboard Linerbonarad Linerboard
jursting strength 25.6, 26.0 9.2 7.6 10.5
30.7, 33.0 6.8 9.7 13.7
35.8, 3B8.0 9.3 k.7 10.5
h1.0, ho.o 8.8 13.3 18.2
':Ilmendprf tearing strength
M.D. 25.6, 26.0 6.k 7.k 9.8
50.7, 33.0 8.3 8.9 8.5
35.8, 38.0 8.6 9.7 7.2
ki.0, bko.o 8.5 11.2 9.5
C.D. 25.6, 26.0 5.5 6.8 6.2
30.7, 33.0 4.6 5.0 8.1
35.8, 38.0 5.2 5.4 L.t
k1.0, k2.0 5.9 7.5 7.4
hdified ring compression
M.D. 25.6, 26.0 6.9 8.6 8.1
0.7, 33.0 6.7 7.4 7.8
35.8, 8.0 7.7 5.4 6.5
41.0, koo 5.8 6.7 8.1
C.D. 25.6, 26.0 5.8 6.9 6.1
30.7, 33.0 6.9 6.8 8.8
35.8, 38.0 7.5 6.5 7.8
41.0, ke.o 5.h 5.5 7.1
ber stiffness M.D. 25.6, 26.0 7.5 7.1 10.5
3.7, 33.0 5.1 9.9 11.9
35.8, 38.0 6.1 9.4 5.2
41.0, k2.0 4.3 7.3 8.7
C.D. 25.6, 26.0 9.8 12.6 16.1
30.7, 33.0 11.5 2.7 11.6
35.8, 38.0 7.2 12.7 13.7
hki.o, bo.o 9.2 11.% 12.9
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linerboards have & very slight advantage in uniformity. The same general trend

is also shown oy the modii'ied ring compression results.

T gencral, the U.5. linerboards exhibit slightly better uniformity
in terms of Taber stiffness than the Buropean linerboards. The Enso Gutseit

linerboards, in turn, generally exhiblt greater uniformity than the Svenska

Cellulosa linerboards.
IL. CORRUGATING MEDIUM RESULTS

Tt may be recalled that each of the domestic and Buropean linerboards
was f{abricated with both 26~1b. U.S. semichemical and 23-1b. European semichemical
corrugating medium into A-flute and B-flute combined boards and boxes. In addi-
tion to these mediums, all the U.S5. linerboards were also fabricated with 26-1b,

European semichemical medium into A-flute combined board and boxes.

The 25-1b. European medium was made from a [urnish consisiing of
approximately 85% hardwood {birch) and 15% soitwood (mainly Scotch pine) refined

to a substantivlly lower average fiber length than the 26-1b. U.S. medium which

was made from a furnish consisting of approximately 85% hardwood (gum) and 15%

sof twood (southern pine).

A. Comparablve Perlormance of Boxes Fabricated with
U.S. and Buropean Mediums '

1. Compression Performance

In order Lo compare the effect of the type of medium on bLox compressiv
performance, the box comprcssion resulls have been vecompiled Lo facilitate thic
comparison and are given in Tubles XXXVI and XXXVII for 50 and 65% R.H., respec-

tively, and graphically illustrated in Pig. h#a. The data given in Tables XXXVI

and ¥XXVIL have been anulyzed stubistically to determine whether the observed

]
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Report Three
compos ite average differences represent real differences or could have occurred

by chance. The statistically determined levels of significance for the compositc ﬁ
average differences are shown in Table XXXVIII. The figure in parentheses follow-

ing each average indicates the level of confidence at which the dilference is

significant. The gymbol NS sipgniflies that the difference is not significant at

the 5% level of confidence.

It may be seen from the composite average differences tabulated in
Table XXXVIIIL, together with the assessment of the statistical signiéicance of’
the observed composite average diflerences that, in general, there is no differ~
ence in box compression associated with the type of medium except in a few cases,
One of the exceptions is top-load A-flute compression at the 25.6, 256.0-1b. liner-
board grade weight level, wherein the results show that boxes made with 23.0-1b.
European medium give higher tor-load compression loads than boxes made with
26.0-1b. U.S. medium, "In all other instances, where the composite average
differences were statistically significant, higher résults were cbtained with
the boxes made with 26.0-1b. U.S. medium. FExcept for the one case noted, there-
Tore, the hoxes made with 23.C-1b. Furopean medium exhibit equal or lower com-
Pression results. In all other cases where significant differences were observed,

the diflerences were less than 10% and in most instances less than 5%.

I't should bhe borne in mind in interpreting these results that reducing
the nominal weight of the medium from 26.0 to 23.0 pounds results in a welight
reduction ol approximately 11,5%. Accordingly, in order to compare the compres-
slon periormance on an equal weight basis the results tabulated in Tables XXXVI
and X¥YVIT have been divided by the corresponding combined bourd weight und are
tabulated

in Tables XAXIX and XL on a perlormance per unlt combined board welipht

basis ung FLlustrated io Wig, 25, The compssine average diiforences are also
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tabulated in Table XXXVILIL. Tt may ve noted that on aniequivalent combined board
weight basis, ln practically all cases, the boxes made with 23.0-1b. European
médium exhibited higher top-load compression than boxes made with 26,0-1b, U.S,
medium.  The composite averagc»differences range From 0.4 to G.h%,  Statistical
ana%ysis wvags not carried ouv on the results calculated on a’unit welght basis;
however, it is belicved tha: all dif'ferences greater than approximately 3.5%
probably represent significant dillferences. Vhen end-load compression resulis
are compavred, 1t may be seen that converting to a unit weight basis has fhe
ei'fect of Improving the pérformance of' the boxes made with 23.0-1b. European
medium. On this basis, end-load compression resulis are generally slightly
higher for boxes made with 235,0-1b. European medium., On an over-all unit weight
basis, boxes made with 23.0-1b. Buvopean medium exhibit 4-5% higher top-load
compression than boxes made with 26.0-1b. U.S. rmedium. In the case of end-

load the resulté are mixed; the A-flute resulfs on boxes made with 23.0-1b.
Europeun mediwn are approximasely 4% higher than, and the B-flute results are

approximately equal to the resulis on boxes made with 26.0-1b., U.S. medLlun.

2, Reugh ilandling Peviormance

A comparison of the effect of the type of medium »n  vough handling
- as omegasured in terms of corner drop and druﬁ performance may be secn from the
vesulés tabulated in Tables XLI and YLITL for 50 aad 65% R.H., respectively,and
tluscrated in Fig, 2. These results wore statistically analyzed and the com-
posiie average differcnces, togelher with an estimate of the éignificance of whe
difveronce, are tabulabed In Tarvle XXXVILI. On the basis of composite averages,
<l one exception, boxes made with 2%.0-1b. Furcpean medium give lower drop
<l drwna pepiormance Lharn boxes madg with 26,0-1b, U.S. medium, IFurther, Lho
Mpmibude of the dilference s such thav In most cases the diffcrences are

Yullsuieally olegniticant; thun, it appears that the 26.0-1b. U.S. modium is
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better than 23.0-1b. Buropean medium for rough handling performance as measured

In terms of drop and drum tesis and expressed on a box basis.

As previously pointed out, reducing the nominal grade weight of the

medium from 26.0 to 23.0 pounds consistutes approximately a 11.5% reduction in

medium weighti. In order to compare rough handling performance on an equivélent

weight basis the results tabulated in Tables XLI and XLIT have been converted to

rough handling performance ber unit‘bombined board weight. The results on a unit

weight basis are tabulated in Tables XLITI and XLIV and illustrated in Fig. 43.
The composite average difference at the varicus levels of linerboard weight are
also tabulated in Table XXXVIII. The same general trend may be observed, that
1s, boxes made with 23.0-1lb. European medium are Yower in rough handling perforn-
ance than boxes made with 26,0-1b. U.S. medium. Tt may be noted, however, that

in general the differences on a unit weight basis are less, as would be expected,

than on the observed box basis. Further, it is questionable whether the differ-

ences obtained on a unit weight basis represent real differences except in a few

instances — e.g., at the 25.6, 26,0-1b, linerboard grade weight level.

It way be recalled that each of the U.3. linerboards was fabricated with

a 26-1b. Zuropean medium into A-Tlute combined board and boxes. The results

L0-1b. ang 26.0-1u.

obtained on boxes made with U.S, linerboard fabricatled with 23

Furopean semichemical medium and 26.0-1b. U.S. semichemical medium are tabulated

in Tables XLV and XLVI, respectively, for 50 and 65% R.H. and illustrated in Fig.

AR It ey be seen that on the basis of composite averages the boxes made wih

2%.0-1b. =2nd 26.0-1b, European mediums give slightly higher top-lcad cowpression

than boxes made with 26.0-1b. U.S. medium; however, the differences are not

considered signiiicant. The boxes made with 2%.0-1b. European medium give LoWeY

Sl

end-load compression,and those with 26.0-1%. Buropean mediuwn give higher end--"
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TABLE XLIV

EFFECT OF TYPE OF MEDIUM ON ROUGH HANDLING PER UNIT WEIGHT

(65% Relative Humidity)

Drum, Fells/100-1b Combined Board Weight

Corner Drops, Drops/loo-lb Combined Board Weight

B-Flute

26-1b

A-Flute

26~1b

B-Flute

26-1b

A-Flute

26-1b

a

23-1b

2

Eur Diff

us
Medium Medium

a

23-1b

Bur

23-1b.

Eur

Mediim

mref

H

Diff

U s.
Medium Medium

y s
Med1ium

=3

23-1b

r

Diff
b4

Us
Medium Medium

2

i

%
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Runs

3,4,24D
10,9,24¢
15,16,24p
23,24 ol
Composite

3,4 ,24p

10,9,2hc
15,16,24p
23,24 ol
Composite

3,4 24D

10,9,24¢
15,16,243
23,24 ahp
Composite

5,4,0Lp

10,9,24¢
15,16, 2hp
5,24, 24p
Composite

__ﬁ“‘-ﬁ—-—.____

COMPARATIVE ‘BOX PRRFO

235 AND 26-1B,
26-1b,
Tiney Domestic
Grade Medium

Us-26
US-33

" Us-38

Us-Lo

Us-26
Us-~33
Us-38
US-42

Us-26

US-33

Us-38
Us-4o

Us-26

F3-33
Us-38
us-dp

TABLE XLV

RMANCE AT 50% R.H.
EUROPEAN AND 26-1B,

23 "lb » ‘
Europea.n
Medium

Diff.
%8,

Top-Load Compression, 1b.

230
295
635
730
6p2

565
590
660
25
635

+6,6
-0.8
+3.9
-0.7
+2.1

End-Load Compression, 1b.

270 255 -5.6
3hs5 350 +1.k
hoo koo 0.0
55 hko -3.3
368 361 -1.9
Corner Drop, drops to failuye
9.1 6.6 -27.5
10.1 8.7 -13.9
12,2 1.6 -4,9
13.3 10. 4 -21.8
11.2 9.3 -17.0
Drum, falls to failure
8& 67 -20.2
11¢ 110 0.0
154 120 22,1
14l 110 -23.6
123 102 ~17.1

Based apn 26-1b, . Qomestic medium results ag reference,

FOR BOXES MADE WITH o
DOMESTIC MEPIUM

Page 199
RBeport Thyee

26-1p,
European Dirf.,
Medium %o
545 +2.8
655 +10.1
ehs +1.6
730 0.0
3 +3,5
250 -7.4
370 +7.0
390 -2.5
485 +6.6
37k +1,6
6.6 -27.5
8.6 -14,9
10.0 -18,
11.4 .
9.2 -17.9
81 -3.6
128 +16.3
ok -39.0
138 42
110 -10.6

_ —-d
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TABLE XLVI

- +- - COMPARATIVE BOX PERFORMANCE AT 65% R.H. FOR BOXES MADE WITH
23 AND 26-1B. EUROPEAN - AND 26-LB. DOMESTIC MEDIUM

26-1b. 2%-1b. 26-1b.
Liner Domestic Furopean Diff., Furopean Diff.,
Runs Grade Medium . Medium a Medium a

Top-Load Compression, ib.

f -~ 3,4,2hD us-26 490 520 +6.1 495 +1.0
- 10,9,24C Us-33 560 540 -3.6 580 +3.6
15.,16,24B Us-38 600 600 0.0 605 +0.8

23 ,2h,2hA Us-h2 670 675 +0.7 65 -3, T

‘ Composite 580 584 +0.7 581 +0.2

End-Toad Compression, 1b.

S em e *

T 3 14, 2UD Us-26 235 225 b3 230 -2.1
[ 10,9,24C Us-3% 330 305 -7.6 325 -1.5
tﬁt' 15,16,2IB Us-38 360- 3h5 4,2 390 +8.3
Pl 0% 2h,2hA Us-u2 420 410 2.4 420 0.0
i Composite 336 321 -4.5 341 - 41,5

Corner Drop, drops to failure

3 4,24D us-26 11.b 8.1 -28.9 8.3 -27.2
10,9,24C us-35  13.0 10.h -20.0 11.9 -B.

15,156,248 Us-38 13.6 11.7 -14.0 12.5 8.1
0%, 2k, 24A us-ke 15.9 12.9 -18.9 15.8 -13.2
Composite 13.5 ©10.8 -20.0 11.6 -1k,1

Drum, falls to failure

3, 4,24D US-26 g2 62 -32.6 78 -15.2
10,9,2hC Us-33 99 106 +7.1 99 0.0
15,16,24B Us-38 150 118 21.3 114 -24.0
2%, 2h,24A Us-b2 185 153 -17.3 121 -34.,6
Composite 132 110 -16.7 10% -22.0

I

8g.ced on 26-1b. domestic medium results as reference.
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End-Load Compression
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compression than boxes made with 26.0-1b. U.S. mediums; however, the differences

are not believed to be slignificant, When rough handliné is considered it may be

geen that boxes made with Europsan mediums give lower performance than boxes made
© 7 ith 26.0-1b. U.S; medium. There appears to be little if any difference between

the rough handling performance of boxes made with 23,0-1b. énd 26, 0-1b. Eurcpean- - -

mediumns.

B. Comparison ¢f the Physical Propeities of Combined Boards
Fabricated with U,8, and Furopean Mediums

It may be recalled that each of the linerboards used in this study was
tabricated with a 2%-1b. European and a 26-1b. U.S. semichemical corrugating

mediwn into A-Ilute and B-flute combined boards and boxes. In addition, the U.S.

linerboards were also fabricated with a roll of 26-1b. Furopean corrugating medlum

into A-flute combined board and hoxes.

" For the purpose of comparing the relative effects of 25-1b. European
and 26-1b. U.S. mediums on physical properties of the combined hoards, the

combined hoard resulis presented in Tables XVI and XVII have been rotabulated in

-Tables ALVII through LIX. A comparison of the effect of type of medium on

combined bhoard weipght and bursting sirength may be noted from the results tabu- r

luted in Tables XLVIL and XLVIII, respectively, for 50 and 65% R.H. As would
be expected, vhe combined board made with the 23.0-1b. European medium exhibits ‘

%-5% lower weight. The composite average difference in basis weight of combined

board wade with 26.0-1b. U.S. medium and 23.0-1b, European medium is as {ollows

“and is geaphically illustrated in Fig. b45.

S
T e £ s
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TABLE LI T 5
[
I
EFFECT OF TYPE OF MEDIUM ON COMBINED BOARD TORSION TEAR STRENGTH e
{50% Relative humdity) Z
Average Torsion Tear, in.-cz. Scereline Torsion Tear, in -oz E)‘.
Nominal Weight £6-18 Ug 23-1b, Eur o 26-1t. US 23-1b. Fur. a 28-ip US 23-1o Eur. 25-10  US  25-1b  Eur . -
fLn Linerboard Medaum Medium Daff o % Medium Medzum Diff.,” % Mediunm Medium Diff.,® 4 Medium Medrum Difr ,° % '%j
[
A-Flute B-Flute A-Flute B-Flute a
3,L 26.0-1h, US 215 186 -26.0 185 159 +0 5 202 162 -19.8 177 152 -1k 1 —
2,1 25,6-1b, PG 186 168 -26,0 176 145 -17.6 186 151 -18 8 168 135 -15 6 =
€,5 25,6-1b, SC 182 176 -3.3 176 150 -14,8 172 154 -0 5 156 11 -9 6 or
Composite 198 176 -11.1 179 151 ~15.6 187 156 -16 6 167 143 L1k "
10,9 33 0-1b. US okl 214 -12 3 2ah 190 -15 2 208 18¢ -11.8 208 181 -13 0 ' E
7,8 30.7-1b. EG 218 196 -10 1 196 178 -9.2 193 172 ~10.9 188 . 163 -13 3 o
11,12 30.7-1b. SC 212 196 76 185 167 -9.2 199 186G 8.5 203 168 -17 2
Composite 225 202 -10.2 205 178 213 2 199 177 -11 5 200 172 -1k.5 B
N o
15,16 38,0-1b US 266 2L6 -7 5 232 204 21 227 203 -10.6 216 19% -10.2 .
15,13 35 S-1v. EO akez 211 -12 8 217 191 -12.0 218 18L -17 © 195 17k -16.8
15,17 35 8-1p. s8¢ 227 218 -k.o 230 158 -13.9 201 201 00 226 ‘188 -16.8
Composite aks 225 -8.2 226 158 -1, 4 215 195 -9.3 212 185 -12.7
25,2% Lz 0-1p. Us 280 255 -89 258 2ol -13.2 230 20h ~11.3 236 200 -15.% .
19,20 L1 0-1b. 2Q 256 238 -7 0 2k 214 -11.2 21k 204 b7 22 204 -8.9
22,21 Li.0-1v sC ala 216 -10.7 222 204 -8.1 2ol 185 -9.3 206 191 =73 -
C:oposice 254 234 -8.9 240 21k -10.8 216 158 -8.3 222 198 -10.8 .
®Combired board made with 26.0-1b. US medium used as referemce. . R
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TABIR Iy

EFFECT OF TYFE OF MEDIUM ON COMBINED BCARD EIGEWISE COMFRESSION

{50% Felntive humtdity)

Cross-Direction Edgewise Coempressien, 1b./in,

2o~1b, U5 23-1b. Eur.

%  Medium

Machine -INrection BEdgewise Compressiom, 1b./in.

,r_
Med{um pizr.,% 4

20-1b, Us 23«1b.

Medium

D1er, 2 %

3o-1b. US 23-1h. Euar. B a
4 Medium  Medfim Dt Medim

pire.,®

Medium

-lb. U5 23-lb. Eur.

25
Medium

Nominal Weigkt
Linarboard

Run

B-Flute

A-Flute

B-Flute

A-Flute

Tnstitube,

Qo Oy
CE
~N QM0 oy
v 'y

PO A

)
o0 M
Yy T

b= Q0D

WOAD I~ b
LAY AR AR iaY

+1.
-5.

Lagts gal Fun)

NI
SEAN

S~
.

ovd o\ o

© O~

SRk

26.0-1b. US
25 6-1b. B
25.6-1b, SC

5,k
Conpesite

2,1
G,5

oD hay

b A

QO M

Qe

=+ ~ I~
oo

b

e

- Inm e
|

g3

400 I~
I Y
et A

oo nQ
Al
=t N0 Uy
R A

33.0-1b, US
30.7-1b. EO
30.7-1v, 8C

zite

2
3
,12

Compo

[ne.

oo o
= OO
+OF o+

0 O -1
[nEnled
= v in s

[Eptea RNs Y]
P
o o
YR Q) Wy

35.2-1b. EG
35.8-1b. SC

38.0-1b., US
Composite

15,16
ka3
13,17

O oo

S

W oo
. o4

S

WA APy Iy

-15.8
-7.3
+0,.6

MO~
=D L
LT AN

RN o)

o Qe
EARAEEY

L2 0-1b, US
Lio-1b, Eo
L1,0-1b. 5C

1
I3
Composite

7,2
13.20
22,21

2Combined board mede with 26-1b. US mediun used as reference.
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TABLE IVIII

COMPARATIVE COMBINED BOARD PERFORMANCE AT 50% R.H. FOR A-FIUTE COMBINED BOARDS
MADE WITH 23 AND 26-1B. EUROPEAN MEDIUM AND 26-1B. US MEDIUM

B T ys o 26-1b. . 23-1b. 26-1b. B
Linerboard TDomestic Furopean European a B
Runs Grade Welght Medium Medium Diff., ¥ Medium Diff., %
Basis Welght, 1b./M sq. ft.
3, b, 24D 26 102 97 - b9 101 - 1.0
10, 9, 24C 33 114 109 - b 11k 0.0
15, 16, 24B . 38 123 118 - b1 12k + 0.8
23, ok, 2hA L2 130 126 - 3.1 129 - 0.8
Composite o uy 112 - 4.3 117 0.0
Bursting Strength, p.s.1i.
%, 4, 24D o6 148 149 + 0.7 146 - 1.k
10, 9, 2kc 33 218 24 + 2.8 203 - 6.9
15, 16, 2LB 38 218 202 + 1.8 22k + 2.8
23, 2k, 2ha ko 240 287 +19.6 252 + 5.0
Composite 206 220 + 6.8 206 0.0 \
Puncture, unit |
3, L4, 2kD 26 185 171 -T.6 186 + 0.5
10, 9, 24C 53 200 188 - A.0 206 + 3.0
15, 16, 2hB 38 218 210 - 3.7 231 + 6.0
2%, 24, 2ba hp 232 220 - 5.2 2352 0.0
Composite 209 197 - 5.9 214 + 2.b
Flat Crush, p.s.il.
%, L, 24D 26 36.2 30.8 -1%.9 36.6 + 1.1
10, 9, 24 33 35.4 31.6 -10.7 36.7 + 3.7
15, 16, 24B 38 36.0 ©32.3 -10.3 3.5 - b2
23, 2h, 2hA ho 35,0 3.8 - L1 37.2 + 5.1
Composite 35.8 2.k - 9.5 36.2 + L.
Flexural Stiffness (JEXQM), 1b. sq. in./in.
3, L, 2k 26 82.6 90.8 +9.9 99.5
10, 9, 2ke 33 125.1 131.b + 5.0 138.2
15, 16, 24B - 38 118.1 122.6 + 3.8 126.6
o3, oh, 2hA 2 142.2 0.1 - 1.5 143.5
Composite 117.0 121.2 + 3.6 126.9
" Bagewise Compression, 1b./in. (in}

3, 4, 24D 26 12.8 9.7 o2 2.7
10, 9, 24C 33 4.9 1%k -10.1 16.2
15, 16, 2LB 38 16.7 - 18.5 4+10.8 20.7
2%, 24, 2uhA Lo 21.2 21.2 0.0 2h.2
Composite 16.4 15.7 - 3 18.k




Vourdrinler Kraft Board Institutbe,

Project 2392

Ihe.

TABLE LVIII (Continued)

Page 211

Report Three

COMPARATIVE COMBINED BOARD PERFORMANCE AT 50% R.H. FOR A-FLUTE COMBINED BOARDS
'MADE WITH 23 AND 26-1B. EUROPEAN MEDIUM AND 26-1B. US MEDIUM

us

Diff., 4

+ 4+ + 4+ ¥
R,
\O

and cross)

-13.5
-12.3

r i i
[

© Co-3
N0 A

-19.8
-11.8
-10.6
-11.3%
-13.4

1+

]
Moo
o Vi O

1
-1 O3 OND
WOV

26-1b. 23-1b.
Linerboard Domestic European
Runs Grade Weight Medium Medium
Edgewise Compressibn, 1b./in. (cross)
5, 4, 2hp 26 37.8 39.8
10, 9, 2he 33 hi.7 b4, 8
-5, 16, 24B 38 k3.9 45.8
3, 24, oha Lo .k 50.%
‘omposite ha.7 kg, o
Torsion Tear, in.-oz. {av. in
. 4, 24D 26 215 186
), 9, 2&C 33 2hh 21k
', 16, 2L 38 266 246
., 2, 2ha Lo 280 255
mposite . 251 225
Torsion Tear, in.-oz. flap score
4, 2hp 26 202 162
.9, 2ic 33 20k 180
. 16, 2uB 38 , 227 203
ok, 2hp 4o 230 204
posite 216 187
Caliper, pt.
", 24D 26 191 193
9, 2hg 33 193 192
16, 248 38 200 195
2k, 2ha Lo 199 194
osite 196 194
- Pin Adhesion, 1b./k sq. in.
\

. 2bp 26 42 33
.0, 2ke 33 38 3k
6, 2hkp 38 kg 37
4, 2ha ko kel by
site Iy 38

ied on 26—ib. domestic medium results as reference.

26-1b.
Eurcpenn
Medium

202
232
256
260
238

176
195
210
208

197

197
197
199
200
198

k2

55

39
L2
ho

Diff., %

¢j+
0 ONND
N~ O\ COAN

+ + +

LI S |
W =N N
N ON O

1
COND —Q VA
0 AT =\

o b
OO NW
O N R

1
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COMPARATIVE COMBINED BOARD PERFORMANCE AT 65% R.H. FOR A-FLUTE COMBINED
BOARDS MADE WITH 2%- AND 26-LB. EUROPEAN MEDIUM AND 26-LB. DOMESTIC MEDIUM

Runs

3,4,24D

10,9, 24C
15,16,24B
23,24,2h4
Composite

3,4,24D
10,9, 24C
15,16,248
23,24, 24A
Composite

3,L4,2LD

10,9,24C
15,16,24B
23,2k, 200
Composite

3,4,24D

10,9,24C
15,16, 24B
27,20, 2h4
Composite

3,4,24D
10,9, 2k
15,16,2hB
23,24, 2hA
Composite

3,h,24D
10,9,24C
15,16,248
23,24, 2hA
Composite

us
Linerboard
" Grade
Weight

26
35

h2

26
33

Lo

26
33

L2

26

35
38
ha

Flexural Stiffness Qfﬁxgy), 1b.

26
33
38
h2

Edgewise Compression, 1b./in. (in)

26
33

Lo

26-1b.

" Domestic - European

Medium

235-1b.

Medium

DIff

5

Basis Weight, 1b./M sq. It.

104
116
126

153
120

99
112

122
128
115

Bursting Strength, p.s.i.g.

164
239
o2
260
206

Puncture, unit

182
<196
216
238
208

170
250
oo
284
236

164
189
21k
216
196

Flat Crush, p.s.i.

H N PO SN

3
.6
.6
.2

AH AN AN AN

32.5

8.7
111.4
109.6
122.3
106.2

12.2
15.8
20.7
23.7
8.1

30.0
28.7
29.7
30.4
28.7

844
110.7
110.3%
123.8
107.3

11.8
b7
19.3
20.9
16.7

26-1b.
- European
Medium

103
117
127
132
120

156
022
248
285
228

179
206

229

210

.

13.1
17.3
21.0
2h.2
18.9

Diff.,

)

S
QOO O
O @ O

+ 4+ 41

+ 14+ ko
= & OV CW N
OO O o T SN ISRV

-1\ oo\
—~W O O

' + o+ 4+ +
COR O &
o OoOWo

+ + + + +
(AR RS B
— £\ &

—
-
Pong
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COMPARATIVE COMBINED BOARD PERFORMANCE AT 65% R.H. FOR A-FIUTE COMBINED
POARDS MADE WITH 23- AND 26-1B. EUROPEAN MEDIUM AND 26-LB. DOMESTIC MEDIUM

Us
Linerboard 26-1b. 23-1b.
Grade Domestic ‘European Diff.,
Rums Weight Medivm Medium 92
Edgewise Compression, 1b./in. (eross)
%, b, 24D . 26 36.5 38.9 + 6.6
19,9,24¢ 33 h1.h 43.6 + 5.3
15,16,24B 38 ha.t k5.6 + 6.8
23,24, 2ka Lo 46.9 50.0  + 6.6
Composite k1.9 khos 4+ 6.2
Torsion Tear, in.-oz. (av. in and cross)
3,h,24D 26 236 200 -15.3
10,9, 2k¢ 33 264 2h6 - 6.8
15,16, 243 38 298 27k - 8.1
23,2l 2k ha 296 282 - k.7
Composite 274 250 - 8.8
Torsion Tear, in.-oz. (flap score)
3,h, 24D 26 223 187 -16.1
10,9,24hC 33 234 212 - 9.4
15,16, 248 38 260 225  -13.5
23, 2L, 2hp ) 255 235 - 7.8
Composite 2h3 215 -1l.5
Caliper, pt.
3, 4, 24D 26 196 192 - 2.0
10, 9, 2k 33 2ok 193 - 0.5
15, 16, 2B 38 198 k- 2.0
23, 2h, 2ha ko 199 198 - 0.5
Compos Lte 97 94 - 1.5
Pin Adhesion, lb./4 sq. in.
5, &, 2hD 26 36 30 -16.7
0, 9, 2he 353 27 31 +14.8
5, 16, 2B 38 3h 35+ 2.9
'3, 2k, 2kp 2] 38 37 - 2.6
omposite 3h 33 - 2.9
Buged on 20-1b. domestic mediam rogulbs an we P

-

26-1b.
European
Medium

214
260
290
288
263

188
215
233
234
218

196
195
197
198
197

1
33
38
37
37

Diff.,
a

+ o+ o+
10 0O &
WO\ QW0

]
RN RN
O =] ~j WIAN

TR

QO oo
GV O

+ 4
0O OV
OO OVH N

+
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Composite Avevage Dirfercnce in Welght, %%

. 23-1b. European Semichemical Medium

Papge 215
Report Three

Nominal Weight, 50% R.H.

(1b. /M sq. t&.) A-Flute B-Filute
36.0 BN s
55-6 ‘ ) -5, 0 -5.1
38.0 ka2 -5.2
42.0 -3.h -3.0

A-Flute
~h.5
-4
-3.8

-4, 0

65% R. H.

B-Flute

e

5.7
k.5
-h,1

a . . . . . . .
Combined board made with 26-1h. U:S., semichemical medium used as relerence.

When the bursting strength resulis are considered it may be seen that,

with Pew exceptions, the boards made with 23.C-1b. BEuropean medium give higher

pursting strengths, The composite average differvences at each of the four grade

weight levels are shown in the follewing tabulation and illustrated in Fig. 45.

Composite Average Difference in Burs<ting Strength, %

U.8, Linerboard

2%-1k. Fuvopean Semichemical Medium

 Nominal Weight, 50% R.H,
(1b./M sq. 1t.) A-Flute B-Flute
26.0 +Q. 5 +7.0
35.0 5.7 .9
38.0 +0. 8 8. 4
h2,0 +10. 1 +10.8

A5% R. H.

A-Tlute

-4, 1
+5,8
2.7

+5.7

B-T'lutbe

+13.6
+7. b
+7.6
5.7

Combined board made with 26-1%. U.S. scmichemical medium used as refercnce.

It may be scon that the average differerce varied from a o1l ko +13.6.

The nature of Lhe diltvrence is believed to ba assoeiated with the lower t'lat cirush

Chtained with the 23.0-1b, Furopcan medium,
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The [lat crush and puncture results tabulated according to type of medium

are tabulated in Tables XLIX and L, respectively, for 50 and 65% R.H. For the
purpose ol compariscn the composite average differences in flat crush follow and

areillustrated in Fig. 6z

-

Composite Average Difference in Flat Crush, %?

U.8, ILinerboard 25-1b, European Semichemical Medium

Nominal Weight, 50% R.H. 65% R.H.

(lb./M sq. Tt.) A-Flute B-Flute A-Flute B-Flute
26.0 -15.8 -9.5 -12.3 -12.3
33.0 -10.2 -16.5 ' -9. k4 -7.6
38.0 -9.8 -10.7 -5.0 ~3.7
h2.0 St -12.2 -3.1 -5,1

aCombined board made with 26.0-1b. medium used as reference.

It may be seen that the combined boards made with 26,0-1b. U,S. semi-

chemical medlwn averege 3-16% higher in flat crush than the corresponding combined

board made with 2%-2%. Furonean mediur.

»

The punctuss results are also tabulated in Tables XLIX and L for 50 and

H5% RiH., respectivelyr. [t is well krnown that the puncture test ls markedly in-
fluenced by the calizsyr and flat crush of the combined board. It has jusi been
shown that the flat crush is lower on combined board made with 23.0-1b. European
medium and as will te seén later the caliper is also lower. Thus, it is not

unexpected thait the nuncture is in most insfances also lower on combined hoard

made with 25.0-1b. Ziropear medium. The composite average difference in punciuw

betvecen board made wvith 2%.0-1b. BEurcpean medium and 26.0-1b. U.S. medium is i

in the lollowing tabuiabion and illustrated graphically in Fig. 6.

ot mar e g v 0D S s SRS it ;ﬁ-e::e..--,':-"“ -
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Composite Average Difference in Puncture, %?

U.5. Lincrbeard 23-1b, Buropean Semichemical Medium
Nominal Weight, 50% R.H. 65% R.H.
(1b. /M sq. ft.) A-Flute B-Flute A-Flute B-Flute
ot 26.0 -8.5 -8.1 -8.5 -8.7
) 5% .0 ©o-5.7 - . -8.8. -5.6 9
38.0 -5.6 -6.8 -5.1 -5.7
. h2.0 - -8.2 -5.9 -6.1 ~6.7

EN "

aCombincd board made with 26.0-1b. U.S. semichemical medium used as reference.

It may be noted that, on the basis of the composite average differences,

?' '.“:"'.‘5."". ." A

the combined boards made with 26.0-1b. U.S. semichemical medium exhibit 5.1 to

e

i
1
IR

9.1% higher puncture strength than the combined beards fabricated with 23.0-1b,

European semichemical medium,

‘A comparison of the torsion tear results tabulated in Tables LI and LII
for 50 and 65% R.H., respectively, reveals that in practically all instances the
combrined boards made with 26.0-1b. U.S. medium give higher %torsion tearlresults.
This undoubtedly accounts for the higher rough handling performance obtained on
the boxes made with 26.0-1b. U.S. medium in contrast to those made vith 23.0-1b.
Buropean mediwa. The composite average differences are shown in zhé following K

tabulaticon and grephically illustrated in Fig. b7,

- -

. ———
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Cﬂjlli - l Composite Average Diff, Composite Average Diff.
i U.5. Linerboard in Average Torsion : in Scoreline Torsicn
s Nominal Welght, ¢ Tear, Tear,
e (1b./M sq. ft.) A-Flute B-Flute °  A-Flute B-Flute
Ji:
;ﬁy 50% R.H.
. 26.0 -11.1 -15.6 -16.6 -1
%3.0 -10.2 -13.2 ST D
38.0 -8.2 ~12.h -9.3% -12.7
b2, 0 -8.9 -10.8 -8.3 -10.8
65% R.H.
26.0 -1h.6 -10.3 C =15 -11.2
. 3%.0 -10.1 -11.5 -10.6 -3
38.0 ~3.3 -10.1 -15.7 -1%.3
h2.0 5.7 -11.5 8.5 -14.1

“Corbined board made with 26.0-1b. U.S. medium used as reference.

The average torsion tear results on unscored boards made with 26.0-1b.

ig N

i%¢ U.S. rmediwe are 8-20% higher than on unscored boards made with 23.0-1b. Furopean
iﬁf mediwn,  The corresponding scoreline results on boards made with 26.0-1b. U.S.

i

PH

mediun rangs from 6-15% higher than the corresponding results on boards made with

25.0-1n, Eurcpean mediun.

The caliper and flexural stiffness resulis, the latter expressed as
vhe goometric mean, are given in Tables LIII and LIV, respectively, for 50 and
(9% R.H. 1o mosi instances the differences in the mean of the flexural stiffncss

are not greab enough to be considered significant. On the other hand, the callpc?

in higher on the boards made with 26.0-1b. U.S. medium as would be expected. Tik

rasulls wre illustrated in Fig. u8.
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From a comparvison of the edgewise compression results tabulated in
Tables LV‘and LVI for 50 and 65% R.H., respectively, it méy be noted that in
general the combined boards fabricated with 26.0-1b. U.S. medium have higher
machine-direction edgewise compression strength but lower cross-machine edgewise
coﬁpreésion streng%h than the corresponding combined boards made with 25.0-1b.
European medium. -As pointed out earlier, the machine direction edgewise compres-
sion is the most imbortant combined board property insofar as end-lcad box com-
pression is cqncerned. Cross-machine edgewise compression is of equal importance
in top-load box compression. It may be recalled that in general the boxes made

with 26,0-1b. U.S. medium gave better end-lcad cgmpression but poorer top-load

comprescion than boxes made with 23.0-1b. European medium. Hence, the edgewvise

compression strength results show trends, in relation to box compression, that

would be anticipated. For the purpose of compariscn, the composite average

dif'ferences In edgevise compression results are given in the following tabula-

tion and illustraied in Fig., L9,
'1: Composite Average Difference Composite Average Difference
s U.S, Linerboard In-Machine Directicon in Cross-Machine a
gl & Kominal Weight, Fdgewise Compression, % Edgewise Compression, %
E (1b. /M sq. ft.) A-Fiute : B-Flute A-Flute B-Flute
i 50% R.H
4 26.0 -15.k -5.% +8.8 +5.3
i
i 33.0 -5 -6.9 +9.6 2,0
g
L 38.0 -0.6 -2.2 +45.7 .7
i
i ‘ii;‘% Lo, 0 .5 -6.9 +7.9 +5.6
+ e
B
; E 65% R. H.
;, 26.0 -5.8 2.1 .9 +3.6
’% 3%.0 -5.8 -8.9 5.7 8.1
i 8.0 -9.0 -6k +7.0 +5.5
41! * h2. o -0 -1 +6.1 +5.5

a . . . . .
Combined board made with 96,0-1h. U.S. medium vsed as reference.

i e R T

oty
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It may be noted from the pin adhesion resuits tabulated in Table LVII
and illustrated in Fig. 50 that, in general, the pin adhesion results are higher

for the combined boards made with 26.0-1b. U.S. medium,

- - - . Tt may be recalled that the U.S, linerboards were also fabricated with
a sample of 26,0-1b. Buropean medium as well as 2%,0-1b. European and 26.0-1b.

U.5., medium into A-flute combined beard and boxes. The combined board results

are tabulated in Table LVIII and LIX for 50 and 65% R.H., respectivély. As would

be expected, the average weight of the combined boards fabricated with 26.0-1b. .
U.S. medium is not significantly different from that of £he corresponding boards
made with’26.0—;b. European medium but averages approximately 4% higher than that
of . the combined boards fabricated with 23.0-1b, European medium, The composite

average differences are given in the following tabulation:

Composite Average Differences®, %

2%.0-1b. European Medium 26.0-1b. Furopean Medium

Test Property ' 50% R.H. 65% R.H. 50% R.H. 65% R, H.

5is weighu -3 -4, 2 0.0 0.0
Caliper -1.0 ~1.5 +1.0 0.0
Pursting sirength +6. 8 +4 L4 0.0 +0.9
Puncture -5.7 -5.8 2.4 +1.0
Flat crush ~G.5 -8.6 +1.1 +7.7
Flexural siiffness (J@;ﬁ;) +5.6 +1.0 8.5 +0. 4
Edgewise compression, D -3 =T +12.2 . +h b
Edgevise compression, CD +5.9 16,2 +8.é +5.3
Torsicn tear, av. MD and CD -10. 4 -8.8 -5.2 Y
Torsion tear, scoreline -13.h -11.5 -8.8 -10.3
Pin adhesion -7.% -2.9 -2.5 +8.8
aCnmthod hoard made with #6.G-1b, UG, medium used as relerence.
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1 b

b In general, the average bursting strength results on the combined boards
made with 26.0-1b, U.S, medium are not significantly diufferent from the corie-

; sponding results on the combined boards made with 26.0-1b European mediwn. On

the other hand, the combined boards 1ade with 23 0-1b European medium give higher

x

R R

-n
v
i

o average bursting strenglh results than the corresponding voards made wilh 26,0-1b.

n
1Y

h?f ; U.S. medium, the average differences being about 7 ard W% at 50 and 65% R.H.,
}E‘. E respectively. It 1s believed that the difference in bursting strength 1s assac-
Ei

ﬁ lated with the leover flat crush of the boards made with 235 0-1b. European medium

.|_
SETITC. N
'— -~

o

o ek

j When the puncture results are considered, 1t may be observed that at

oy

pis

P R
oo Loy

both 50 and 65% R.H. the combined boards made with 26.0-1b U.S. medium exhibit

T

higher puncture strength than the corresponding combined boards made with £3% 0-1b

SR TR A o
=t

e

R

Buropean medium. On the other hand, at both 50 and 65% R.H., the boards made

T,

=X -
T L Sl

with 26 0-1b. U.S. medium exhibit approximately the same puncture strength as

i

A

the corfespondlng boards fabricated vith 26 0-1b Furopean medium  The trends
noted above are believed to be assocviated with differences in flat crush and

welght,

.
o

LR

R
.

As may o seca in Tables LVITI and LIX, the combined boards made with

-.z.r..}.u-z‘

26 0-1b. U.8, med-urm have slightly lorer flat crush strength than the correspond-

r T

L Yt 7o o o
e

' ing boards made i:th 206 0-1b  Buropean but higher flat crush than the combinad

|
Y boards made with 23 C-1lb, European redium

i The flesural stiffness cxpressed as the geometric mean for the corbined

Wi board made with 26-1b U S mediue 1s lower at S0% R.H, for the combined board

made with 26-1b U,S., medium Lhan for the corresponding samples made with 23 O-1b

and 26 -1lb. European mediwn, at 65% R H , however, the differences are nob

the

considered igniticant Tt may be rccalled that flexural stiffness 15 one O-

bas1c properires 2f the cumbired bea_d vhich governs bos compression

pore S ey

L T P B

—
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The average machine-direction edgewise compression strenglh lor the

comoined boards made with 26 O-1b. U.8 medium are higher (4 to 8%) than the

corresponding results for the combined beoards made with 23.0-1b Buropedan medium

but lover (I to 12%) than those for the combined boards made with 26 0-1b

Furonean medium  As noted earlier, machine-direction edgewlse CcOmMDICSSLOn 1S

wipo: tant because 1t has been found to be the major combined board property
governing ond~load bHox coOMpression In this connection 1t may be recalled that
the boxes made with 26.0-1b. U.S. medium gave higher end-load comprescion than
the corresponding boxes made with 23.0-1b. European medium but lower end-load
compression than the corresponding boxes fabricated with 26.0-1b. Furopean medium.
As noted carlier, cross-machine edgewise compression le 1mportant because 1t hds
been iound Lo be the major combined board property governing top-load compression
T may be noted that the cross-machine edgewise compression results for combived
boards wade with 26 O0-1b. U.S., medium are lower than the corresponding results
for beards made with 2% 0-1b European medium and also for the boards made 'ith
& 0-1i  Buropean medium, t may be recalled that the top-load box compression

resulee shov & similar trend

The torslon tear resulis on the comblned‘bOers rade wiih 2£6,0-1b
S meawam are higher than the corresponding resulis on the boards made with
2uzanr the 23.0 or 26 0-1b. Furopean medium  The results for the 26 O-lb.
Burorean nedium in turn were higher than those for the 23.0-1bh  Buropean medium

Io»

13

1 be recalled that the <are general trend was obscrved ior the rough hardi-

In. 2ox pe.cormance, These brends indicate thatb since Lhe same lincaboards ‘ere

avgived .3 vould appear that the U,5. medaum has higher tearing strongth and
rre e characteristics than the Eurcopean mediums  As will be shown lalesr, Lhls
“ iha case The Buropean wediums are made prumaraily from brveh 1o conteant Lw I
Yol s, peanue wned heroon vhich was made prumas.iy from opum, The longer [ihe
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length of the U.S. medium.probably accounts for the difference in rough handling

performance of the boxes.

The comparative performance of combined boards fabricated with 26.0 and

25.0-1b. FEurcpean medium and 26.0-1b. U.S. medium may be summarized as follows:

1. There is no significant difference’ in bursting and puncture strength
between boards made with 26-1b. U.S. and 26-1b. European mediums. On the other
hand, the combined boards made with 23.0-1b. European medium exhibit 4-7% higher
bursting strength and 5-6% lower puncture than the corresponding combined boards

made with 26, 0-1b, U.S. medium,

2. Flat crush results on combined boards made with 26.0-1b. U.S, medium
are slightly lower than the corresponding results for combined boards made with
26.0-1b. BEuropean medium but 8-9% higher than the results for the corresponding

combined boards made with 23.0-1b., BEuropean medium,

5. Flexural stiffness of the combined boards made with 26.0-1b. U.S.
medium is lower than cthat of the corresponding combined boards made with 23.0
and 26,0-1b. Eurcpean mediums. Tt is doubtful whether the observed differences

are significant in rmore than a fow instances, however.

Ly The machine and cross-machine edgewise compression results fTor

the combined boards made with 26.0-1b. U.S. medium are lower (machine direction

h-12%, cross-machine direction;S-B%) than the results for the corresponding

samples made With 26.0-1b. Buropean medium. The cross-machine direction results
for the combined board fabricated with 23,0-1b, European medium are 5-6% higher,
and the machire direction results 4-8% lower, than the results for the combined

board made with 25,0-1b. ‘U.S. mediun,
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5. The combined boards made with 26.0-1b. U.S. medium are higher in

torsion tear — average and scoreline — than the corresponding samples made with

either 23,0 or 26.0-1b. Ruropean mediums.

6. In genera;,.qonm1ned board made with 26.0-1b. Eﬁropeén medium given
regﬁl%s comparable to combined board made with similar weight U. 8. medium except
For possibly Flat crush and edgewise compression strength which are slightly higher
and torsion tear strength which is slightly lower.

C. Comparison of Physical Properties of U.S, and
Furopean Corrugating Mediums

During the fabrication of the fifty~two different combinations, samples
oi' the corrugating medium were taken at the “start" and "ena" of each set of "runs"
involving a given type of mediwm. The samples taken at the "start"” and "end" were
‘evaluated separately for each series of runs and then averaged to characterize
the respective materials. The results obtained for the variocus runs are tabulated

" in Tables IX and LXI, respectively, for 50 and 65% R.H. The per cent differences
in physical properties are summarized in Tables LXII and LXIII, respectively, for

50 and 65% R.H., and illusiroted in Fig. 51.

It may be noted that the respective mediuwns were only slightly higher
in basis wvelght than thelre nominal grade weights. Although the U.S. mediwa is
dgher in basis weight, the caliper of the 23.0-1b. EBuropean medium is corre-
pondingly lewer; thus, bLhe apparent densities are approximately equivalent.

1 contrast, the calipey of the 25.0-1b. European medium is approximately 1h%
war than that of the 26.0-1L., U.8, mediwn resulting in a higher density for

e {ormer.

Yhen the Concora {lat crush characteristics of Lhe mediums are con-

icred b may be scen Lhat the U8, mediwn exiubits a 1S Lo 17% higher flat
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crush than the 23 0-1b Furopean medium; however, on a flat ciush per unit weight
basis,, the difference 15 only 5 to 6% because of the lower basis weight of the
25.0-1b. Europear medium The U S and European 26.0-1b. mediums are approx:i-
mately equal i1n Concora {lat crush on both an actual and unit weight basis On
the basis of £he Concora fiat crush results 1t would be anticipated that the
combined board made with U.5 medium would give flat crush results higher than
combined board made with 2% O-1b. European medium bui approximately the same as

the 26.0-1b European medium. As may be recalled, this was generally the case

One of the salient features of corrugated board as a packaging maler-
lal 15 1ts high strength-to-welght ratio made possible by 1ls fluted structure
The mechanical properiles of a fluled or cellular structure such as corrugated
board are dependent on good becnding of the component parts., PBecause of the
severe time limitaiilons encountered in the corrugating operation, the medium-
adhesive 1nteraczion 1s wmportant in corrugating. The water drop test is used
extensively as a measurce of the potential bhonding behaviocr of corrugating medium,
although the tes. leaves much to be desired by way of measuring prepertles of
=2dium which govern bonding. Water absorption, as measured by the vater drop
test, 15 the turs required for a measmied quantity of water, applied to the

surface under spscifled condibions,1o be abscrbed by the medium. The longer be

Lrme nfcrval, tre preater o the 1enistance to absorption,

1t may be seen that the water drop "number"” for U.S. medium 1s abou.
“ourfold lover inan for 23 0-1b  Huropean medium, but only clightly lower thar

for 26.0-1p EBuropecan meditm, The results indicate that the 23 0-1b  Europear

1

aedium probably /il be more difficult to bond, especially at high speeds, w8

e

the U.8. medium  As wvas pounted oul carlier, lower adhesion strength wan obil

on the combined board made with 2% 0-1b  European medium than was obtained <
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same corrugating specd on the combined board made with 26.0-1b. U.S. medium. A
higher water drop is believed to be responsible although the Furopean mediums

also exhibited wide variations in molsture which may have contributed to the ) -

poorer bonding. - ) . )

When the strength propevities are compared, it may be cobserved that the
U.5. mediun is higher in Elmendorf teaving strength, strevch, puncture, and tor-
slon tear than the European mediums, the differences being‘greater for the 235.0-
1b. Buropean mediﬁm than for the 26.0;lb. European medium, Theée properties,
along with T.E.A,, are geﬁerally considered 0 be properties of the medium which
are involved in rough handling periormance; thus, it would be anticipated that
the U.S. medlum would be a bebter medium from the standpoint of rough handling.
It may be recalled that the boxes made with U. 3. medium did give markedly better
rcugh'handling performance., Also, the T.E.A., erergy absorption, is'generally

higher for the U.S. nmedium than the European mediums.

The modif'ied ring compression, tensilie, and modulus of elasticity
regults are generally lower for the U.S, mediuws than for the Furopean mediums,
These test properties are gersrelly associated vith compression performance;
thus, the Furopean mediums exh.bii wore favorabls compression properties. The
U.B. medium, however, exhibits Taber sbirfness hizher than the 25.0-1b. European
medium bui lover than the 26.0-1b. Eurcpean medinm. This is related to box com-
pression but is of secondary imsoriance, in this regard, to tests such as the

modified ring comprecsion Leust.

The porosity results v the U.S. mediur ure aboub the same @s. those
‘or the 26.0-1b. Burcopean medium but are lower thaz those for the 2%.0-1b.
Rropean mediwa,  This moy be ac.iher reason Vor Lthe poorer adhesion ol bhe 23.0-

oo Bureopean modium in view of Lrhe fue Lhat Lhe lowor the porosily test resulbs,

T omove porous Lhe shoos, ' -

e
I
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