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INTRODUCTION

The objective of the fabrication run which is the subject
of this report was to develop information on several topics
of wide interest to the container board industry. One of
these topics concerned the G. E. puncture test. Specif-

- -- icallythis study was designed to illuminate the relationship
between the G. E. puncture test and conventional tests
on component and combined board materials. In addition,
it was desired to investigate the relationship between box
performance and the G. E. puncture test on combined
board. Another matter of great interest embraced by this
fabrication run was a problem of long standing: Given
liners of various weights and corrugating mediums of vari-
ous stiffnesses, how should the converter combine them
for maximum economy at a given performance level?
Apart from these two objectives was another of consider-
able importance: Materials were needed to carry forward
incipient studies such as printability and case sealing.

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

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

any other single combined board or component test. When
a test shows promise as a measure of quality, it is logical to
inquire further about it; for although the merits of the
G. E. puncture test have been fairly well demonstrated,
it'has been the opinion of some investigators that too little
is known about the factors which influence the test to
advocate its indiscriminate use. To provide a firm foun-
dation of information, it was considered necessary, first, to
collect comprehensive data relating other established plop-
erties to the G. E. puncture test and, second, to investi-
gate the influence of factors associated with fabrication and
construction. The scope of this study, which has been
discussed previously, was purposely broadened to provide
as reliable information as possible about these factors.

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

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

LINERS AND COIRUGATINO MEDIUMS

The study as outlined (see Figure I) called for Four-
drinicr kraft liners over a wide range of basis weights,

-namely: 26,38, 42. 47, 52, 19 and 90 pounds. In order to
maintain the maluufactiring variables at a minimum, it
was decided that the liners should be manufactured by one
mill. This would permit the production of.liners of.different
grade weights on the same machine and from the same
general stock and, where desired, liners of varying density
within a given grade weight. This was desirable in line with
the objectives of the fabrication run. It may be noted in
Table I that the liners were all produced at the Springhill
mill of the International Paper Company.'

As outlined (see Figure 1) the program involved the

TAI
MATE/RIALS USED

Crade

considerable searching, three rolls of bogus corrugating
medium were located which exhibited extremely low flat
crush characteristics and were, therefore, selected as the
low flat crush medium. All the other mediums were semi-

-- cheinical-mediums. Because of the-inability to-find-a com-
mercial medium exhibiting a flat crush of 50 p.s.i., it was

. decided that, rather than make a special run of heavy
weight medium, two rolls of the 35 p.s.i. medium would be
laminated for the high flat crush. The exact levels of the
high. and low flat crush mediums were not of primary
importance as long as they provided a sufficient range of
flat crush. The average flat crush levels obtained for the
various mediums used in the fabrication are given in Table
I, together with the name of the supplier.

BLE I
FOlR IFABRICATION

Manufacturer
Number
of Holls

2(-b11). WF

42-lb. WF (Light calendering)

42-lb. WF (Medium calendering)

412-lb. WF (Ileavy calendering)

90-11b. WF

38-lb. WF

52-lb. WF

t7-lh. WF

6-11). \WF

Flat Crush Level, p.s.i.
Desired Actual
Average Average Ty]

20 14.5 Bogus
30 27.8 Semichl
35 29.1 Semichi
40 39.5 Semich
50 69.9** Semiche

Liners

International PI'per Colrn ilny,
Springhill, Louisianl

International Paper Company,
Springhill, Louisiana

International Paper Company,
. Springhill, Louisiunn

International Paper Complny,
Springhill, Louisiana

International Paper Comnpay,
Springhill, Louisiana

International Paper Company,
Springhill, Louisiana

Internationll Paper Comrpany,
Spri nghi . Louisiana

International Paper Company,
Springhill, Louisiana

International Paper Company,
Springhill, Louisiana

Corrugating Mediums

pc

emical
emical
emical
emical

Weight,
lb.

26
26
2(i
33
2-26

Manufacturer
Denscn-Banner*
West Va. Pulp and Paper Co.
International Paper Comlpany
Gaylord Container Corp.
International Paper Cornmpany

Manufacturer is unknown; rolls were obtained from Densen-Banner who are converters.
**Two rolls of the 35 p.s.i. flat crush medium were laminated when the fabrication run was male.

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

The fabrication schedule for the
presented in Table II.

above materials is

ADIESIVE

The starch adhesive used for the fabrication of these
materials was a commercial grade of Bondcor C obtained
from Stein, Iall and Co., Inc. The silicate of soda ad-
hesive was also a commercial grade, 41 ° Be., and was
obtained from Crasselli Chemicals Department, E. I.
du 'ont de Nemours and Co., Inc.
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Number
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Corrugating Medium
F!

Type L
26-lb. Bogus
26-lb. Semichemicol
26-lb. Semichemical
33-lb. Semichemical
2-26-lb. Semichemical

2-26-lb. Semichemicol
26-lb. Semichemical
26-lb. Bogus 

lot Crush
evel, p.s.i.
-20

30
35
40

26-lb.

5•50

50
>> 42-tb. Light colendering

20

79 26-lb. Bogus
80 26-lb. Semichemical
81 2-26-lb. Semichemicol

2-26-lb. Semichemicol
33-lb. Semichemical
26-lb. Semichemical
26-lb. Semichemical
26-lb. Semichemical
26-lb. Semichemical
26-lb. Bogus

20
35 > 42-lb. Heavy calendering
50

50
40
35
30 k S42-1b. Medium calendering.
30 25%less adhesive
30 30/ more adhesive/
20 /

26-lb. Bogus
26-1b: Semichemical
26-lb. Semichemicol
33-lb. Semichemicol
2-26-lb. Semichemicol

20
30
35 < 52-lb.
40 Jr

2-26-lb. Semichemical
33-lb. Semichemical
26-lb. Semichemical
26-lb. Semichemical
26-lb. Bogus

26-1b. Bogus
26-lb. Semichemical
26-lb. Semichemical
33-lb. Semichemicol
2-26-lb. Semichemicol

50
40
35
30

3, 69-lb.

20

20
30
35 K 90-lb.

104 26-lb.:Semichemicol
105 26-lb. Semichemicol

106
107
108

26-lb. Semichemical
26-lb. Semichemical
26-lb. Semichemical

40 
50/

30
30

38-lb. S.F and 47- lb. D.F
47-lb. S.F and 38-lb. D.F

30 A-flute silicate
30 B-Flute starch L 42-lb. Medium calendering
30 B-Flute silicate S

FIGURE 1. Outline of Fabrication Study

S

Run
No.
71
72
73
74
75

76
77
78

Liner

82
83
84
85
86
87
88

89
90
91'
92
93

94
95
96
97
98

99
100
101
102
103

35

50
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DISCUSSION OF RESULTS

TIHE EFFECT OF VARYING LINER WEIGHT AT FIVE LEVELS

OF COMBINED BOAID FLAT CRUSH

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

- face liner, and the corrugating medium. Oneof the ob-_
jectives of this fabrication run was to determine the effects
on combined board and box strength of varying the liner
weight at each of-five flat crush levels. To achieve this

--- 2 Top Lood (0-0.75 inch)
----. End Lood (0-050 inch)

18DO -

IEO

200

Run Comirnon 7 88 89 98 99 72 85 90 97 100 73
A"or UL W ,B.b 264 436 524 690 923 264 436 524 69D 913 2&4
Aeni Ft Ch,pt.i K4 278

objective, balanced combined boards were fabricated with
26, 42, 52, i9, and 90-lb. WF Fourdrinicr kraft liners.
Each of the liners in this range was fabricated with corru-
gating mediums at five levels of combined board flat crush

hiQh were originally planned to be 20, 30, 35, 40, and 50
p.s.i., thus giving a total of 25 combinations. However, the
average combined board flat crush levels actually attained
-werle-145, 27.8, 29.1; 39:5, and-i6.9 p.s.i: - -

84 91 96 101 74 83 2 95 102 75 82 93 94 103
1 436 524 690 923 264 436 s24 69D 92.3 264 4&6 5z4 e0M 903

29 39.5 69.9

FIGURE 3. Compression Tests on A-flite Boxes Made with B:al;nmced Liners of Various Weights Eachl Fabricatend with
Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying

Liner Weight at Each Level of Flat Crush

THE EFFECT OF LINER WEIGHT ON BOX CIAnRACITEnISTICS

The top- and end-load compression results obtained for
the boxes fabricated with liners varying in weight from
2( to 90 lb. and corrugating mediums at five different levels
of combined board flat crush are shown in Table V and
graphically presented in Figures 3, 3a, and 3b. It may be
noted that at each level of flat crush the top- and end-load
box compression results increased quite uniformly as the
liner weight increased. Hlowevcr, the box compression
values for both top-load and end-load for'a given medium
(see Figures 3a and 3b) appeared to level off in the vicinity
above a 70-lb. liner weight beyond which a further increase
in weight at a given flat crush level did not result in an
increase in box compression of any real consequence. This
phenomenon was exhibited by all the samples. Also, it may
be observed that the compression results were lowest for

I
AI
II

- .8

-r".

-14

_, 1..

s .1 el L., e n rII I*

FIGuo:t: 3A. The EfTect on Top-load Box Compression of
Varying Liner Weight at a Given Level of Corrugating

Medium Flat Crush
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"~.."' ~ ~ ~ _... the combinations which were fabricated with the colI:ugat-
ing medium having the lowest flat crush and highest for the

.~S' combinations which were fabricated with the corrugating
.- I' . .. . .. /-['"* " medium having the highest flat crush. It.may be noted 

.20, a / ,^further that at the intermediate levels of flat crush-27.8,
|/ ., ^29.1, and 39.5 p.s.i.-the icirease inl box compression

t§f,~ 1 T OO"nK z/~ .^~ ^achieved by increasing the liner weight was about the
B2 ^~.oo~ /'~ *~^"~ /same. The conclusion that may be reached from the data

/presented is that for a given level of flat crush strength, the
__- -~ /, ~ -~ - -~ ~- - ~ g- - - greater the average weight of the liners-used,-the-higher 

will be the compressive strength of the corresponding
boxes.

THE' EFFECT OF LINER WEIGIT ON CO3MBINF D BOARD

1 zo 2 0r- o 4o r o 60-o- 70o o so 4 CHARtACTERISTICS

=*. o " LW* f.. " DIThs rIe results of the combined hoard tests are shown ill
FIoURE 3n. The Effect on End-load Box Compression of Varying Table VI. Graphs of the combined hoard results showing

Liner Weight at a Given Level of Corrugating
Medium Flat Crush tihe effect on strength properties achieved by increasing.

3 0 0 r

250F

I
IeO

5C

Ru Ca nbl 71 88 89 98 99 72 85 90 97 100

n

73 4 St 96 101

2

T4 83 92 95 102

n

75 82 93 94 103
_Ao Llr, W tlb 2s4 436 524 69.0 923 464 4 6 IRA e0 923 264 43& 5t4 690 923 264 43.6 524 60 923 26.4 436 e4 690 903

Aog FlotCah .p.Il. 145 z7.8 Z81 395 699

FIGURE 4. Basis Weight Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Each Fabricated
with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying Liner

Weight at Each Level of Flat Crush
300 r

250 -

200-

i 

0 2 85 90 97 1 

Rh Combtlnoflon 1 I 89 98 99 72 85 90o 97 100 73 84 91 96 101 74 83 92 95 102 75 82 93 94 03

AwOOLhwWt. 24 436 92 24 46 b5460 4 46 4436 524 60 923 264 436 524 0690 93 264 43s 524 690 903
AWooFkatOSu.i. 145 27. 291 3953 99

FiGUe 5. Calliper Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Each Fabricated with
Corrugating Mediums at Five Levels of Combinedl Board Flat Crush Showing the Effect of Varying Liner

Weight at Each Level of Flat Crush
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------. End Lood (0-O 50 inch)
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FinmunE 10. Compression Tests on A-flute Iloxes Made with Balanced Liners of Various Weights Ench Fabricated witl
Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying Flat Crush

at Each Level of Liner Weight

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

'ITH EFFECT OF CORRUGATING MIEDIUM STIFFNESS ON
Box COMPRESSION

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

in average combined board flat crush from 14.5 to 69.9 lb
per square inch are shown in Table IX and graphically
illustrated in Figures 10, 10a, and lOb where it may be
observed from the tabular and graphic presentations that
at each level of liner weight an increase in the combined
board flat crush was accompanied by an increase in box
compression. This was true at each of the nominal levels
of liner weight-i.e., 26-lb., 42-lb., 52-lb., 69-lb. and 90-lb.

a

S

iI

i3

30 40 50

FIo Cruh of C o Md.m , .p. I,

FIGUREn IOA. The Effect on End-load Box Compression of
Varying Coitrugating hMedium Flat Crush

at a Given Level of Liner Weight

0 30 0 0o

Floftru of GonougomrgMdlum,pl.

FicURE 10n. The Effect on Top-load Box Compression of
Varying Corrugating Medium Flat Crush

at a Given Level of Liner Weight 

21

20001-

I- , " , '-.7- ,-;-r''' *, * ' l-

1600-

4i

a
0
801

60Of

Ru Cobnotlbn 71 72 73 74 75
Avnro Combwd

Flt Orud, p.l.
AoCg ULr WI. lb

10 27.9 288 410 681
45B

fi
0*1A
I

i

sO

laoo

o1200-



ovoo

6980
1-to

6990
I 

£9L
0

I 
89L0

89,0
9890

19S0

0091

0821

961'!

092;!

0011

0011
0001
096
96£

0W
11

966
016
068
099

91-91

90f'!

0901

96K
-

ogs'
092;!
912;!
0101

0811
9101
986
096
96£

0911
068
018
1998

0
9

9

001 
969

Ogg 
O

 W
9

9819 
919

06V 
061-

0SP, 
098,

9'69
9V9R
L

w
E

g

VILZ

611l

V
U

2
9,11
912;
912;
0091

I 89
0-ti'
SW

82
612;
1,01

V<69
1*0t-

1F82;
0623;
0W

IT

1VT9

fIg
L

g.99

2;.99

T
N

2
892;
962;

71,19
VU~g

01gZ
6,92
912;

Ir3[w
aloqiuI%

<
 

p
a
p
iU

~
r'j

pV
O

Iw
aoM

Jm
O

s 
p

O
rm

iu
tIU

fvuo~w
q$l!U

O
S

fu
lo

w
e
lfo

lw
o
S

sn
~

o
g

Im
u

la
w

~
i'a

S
 

p
o
lru

iu
1
W

1

Ivalm
Ialpm

ous
S

n1O
fl

*u 
uI 

00,1-0 
-d! 09.0-0

I 
*x12J4; 

s a n
 u r 3 

U
 O !100IJ 

O
 U

)w
3aualla 

-
U

! p 
tu~rvsil

spufoj 
u

i p
ro

rj 
-X

T
T

I
-

0
U

o
isajd

u
io

3
v

 
lp 

'~

H
sfiH

D
 ILVIIA

IIiiiI

I-

' p o I *
 x vT

lPv 
U

O
!13JO

U
l

F
O

X

'U
T

 00,1-0 
'U

T
 9

z0
-0

U
! 

p
o

u
w

lfilg

uom
ssoiduxo 

p
rc

q
-d

o
IL

,a

ONXiAUVA

.1{SU
J

p
in

o
g

P
a
u
lq

M
O

D

-qI
w101a~ki
sisr~

q

odX
j,

m
u.Ilo aj~2jvnj

¶13A
H

3I1 IB
 

IaM
 

W
IL' 

RNAIO 
V

 JV
 

N
flI~

aI¶ 
O

)N
LV

O
fIC

IIlO
D

 
R

H
di 

d0
d0 

103333 
3111 

O
N

IM
O

IH
S 

83X
0U

 
H

al'A
-V

 
30 SO

IJSIU
3JflV

U
V

H
D

' 
3IV

O
ISA

H
d

x
i 

ria
v
i,

JO
U

!j 
A

 U
 -(I 

40W
3- 

35., 
u

 
O

!w
u

~
q

u
IO

qI 
*
. 

U
U

N
L11!10'N

 
g

T
sv

q
 

-

an
!m

q
 I

31-il 
30 

N
O

SIH
VdN

W
O

C
 

V

I1

ST
O

69,0
09,0
61-0
99W

0

tw
o

ST
O

91*0

601,

9Y
0

a:g.
91<,0-00

*
 

.
egg!
0891

I 
0121

*
 

0M
-

S
K

I

0201

096

i 
O

N

068
092;

I01111
I 0801
i 091'!

0966

9101
avg
09L8
9008
999

!068

cog,

9J06
V

9it
V2;6
V

926
1<go6

ZV69
7;69
2;659
Z'69
Z;69

t~
g9

tZ
q

172zg
t2;9
T

9t

O
P

I
981-f
981'
081't
90t81

0,015

ggZ6

6 89
68so
6,89
6,89

T
929

I979
f2

9
~

981- 
981-~
981'T

f

T92;
9.92

So!1
go'
101
001
661-6
969616
8656160668i-s
918
8891f-,
fl.I2;1
I L

eqeq

I:1iIiI iIiII

IiI14II

I
.

1Pv0,
IV

 
UT



IIirr~sitq 'suoqdoox kOj 1qj!AX 31214 sr.oddua 3! 'Nfllfj j1,oAl

4q'4Iios n.1314 1OAId 13 312 iuimipom I!32mj fln.11oa 01{3 jo 4qsn1

3t'g 041 pull1112 144T103 2u11asinq pxnoq pouiqmuo 1i0mam0(

dilqsuornv.I0J 4oaip ou oq 03 siuoddu 01044 3mgT1 o0oip

-Il it 0Jiti~j Ul tUMO4?S 141T501 q3~1i0~ils 21mi3saq 04j,

-jo 4 JO iodilrna pur. 34lTmm sisvq mlp ul oiuimp V.13 I

pI)-)Vi.)05f
1

011 osI; A 145040 3sna 3 I U! OI 211I01' 01jI3 040gM~ 3d03);x3

5141150.1 3503a JO( llV3 p112 4~i01a S!suf l(01 ITO 30J 3i112ludUl

oiII pIIaj 1).i30oq 0134 jo qsJ~fI 1'P.U 0141 2uiA.112 'JOAOJ E111I0A

doll!! tlOA!~12 ITII 413t44 pOAJOAJO 04q Xrui 4 L13!4AXN uoioj gf.

puI. II sori ui popiosoid oar sl~nsai iodiqra plir }4l2pO

515124 0113 jo sqdtra0-LEI 1 ~*ii n'lfj inl qqdriB S(4 p031143

-5014! puii X olqv2,Iii TIT uMogS 041 'sai}5 ari. l02124 5s01IJji15

1(4j 0603o qg tuIO.1j 4qiOaX '1! 21UIXIIIA sauq l43!A% pbluijq,3j

R~p.iuoq l)0tOUNJUIa 0431 t00 p0ui~T'34o slinsol 4s03 0{j,

R-DhLVItMH1IVUVHQ (lIUVOfl Ut'4NLIf~09

NO SSqN131LS Wfnll(tiIr DNILVDfIIIUOIO AO ~LD~t{3A 1HLL,

uoislaiduio3 xoqI 0gs0ivauoul31 pfl0A\ IjsamI lrUP i! OamaJ.O

-U1! .10431n3 v awotijA uiod v payoijr •j1rugT pull 'J)OsaOJ.)tm

S'OII1UA 'TR~11.11 944U Pqj jP P~ 1ppo 4laXJUl

lI0,il v6,IOJ Lonf11A hloissoaiduioa xoql jo 6pnji1utuw 0144 '01i
--o2uliu J04q!4 04 aq ! 14f1 lgU oI 1j0 3UjAIflL uulS

pOAoU{1313 SUaIOU 0144 11r244 J04VO.I Xjqrnjpigunoo sUrm uv

.IoAoj ,q 01411 rs-d 01 winipouT 01j4 lo flsi0 4Vll 043 2uisVlai

-in1 Xq poaoljau uoissojduio,. oqX04 U!owsmimoql 044 q 14 901

piiii IN S'.1 l i oplmn oq Xpu 110!lrAJ0sqo()i011 'JOmaxolOI

411151'1X 401111'1 JO 3) 14A01'4i IjoV1J 0I IS" T11,4j
2ulXdtiA J 30J IOD 044 zf1l!MOMS 'Tq W 4V4,) ulj Imuo

1
¶ pou'l"1110 J 1101OI piU i0J~ uijdT1nJo,)

I4IIA ~ ''Nl ~lP~!,\X I)(IIA O YJ~t!'I11301t114j I4!~ 3Ai1q S)A JOJ pO1jA1]0 J 
0

I J- 11 611 1f11 ~L oq.~~

6 16
969 ZW2 aw St? cz

£0 wt 1I CCI

0 69
zw TIE 122U 6 zi

66 i'6 se 96 iS 96

Vzc
Itt 91*, gLZ 923 aI

£6T Z6 16 06 £9

199 91*, fl89 62 I 01

3a £9 fl go 98

tv9z

vi VI EL UII

'0 'IM Mugi a-0v

p.4qquo goo,"
MRWicaW

og0

itco

~1S1JJ1123 S!XIA 3 3333 Olfl XupiAOls qgniD Vr.iŽ1 ImuoH pouiqtnofl JO S4.IAO' 013 1]m~0 nidao
p)03l31.4q7 1331aL231 av 644~t!3M 

9120111
A JO SJOu"IJ l)0111"41111 I43" 

0
IpuIM spalof pamuiqUoQ ilng-V uo0 slj1101 480 A% I'/I s!SE 'I 3RD12)0

616
99 UK ITS 922 ED1

0 69
?69 VKi I 2Z2 a6 Ilrtz 911, SZE 52 091log 011, 992 622 IDI*,69 I 0* *9Z a6a oil ,~d'4n0toy pog

LVI *i t U II WUp9A00W1U

1'~ ~ ~~~~~~~~~~~~~... .I " 1.. *f`r-c'Ia.'t¶.> ' -.~ 



It

9-69
g-gg

I1zg

621l

WITt

9
g

'L

*
 0,91

1*89

6WLZ
1*01

1<69
1
,
0
1
,

fVSZ
06g
0'11

1
-
9

E
L

68
921
9

6
81
9

1
2
V

29St6
9

9
1
'

6
9

69£
9

I tsn
s

3
I 

ui -bs 9

OKIJIV01fl11UOD

I ,Li99

I U
§

62

I L'
6
9

21 '

F
igPit

6
1
9

n
u
i'j -a(

sod 
q
i

Ijm
m

lON-~

i
1
1
3

p
it 

809 
91£C 

9£ 
gzg 

f99
I 

IN
 

61J, 
96£: 

(uM
g 

6F£9 
9vg

ggg 
001' 

89£ 
Sag 

gsg 
VLZ

I .T
I 

-
Z6£ 

t8C 
Iag 

g
g
 

8,9z
9
9
1
S
I
 

89£ 
90£ 

Lgg 
Lm

 
q'

Q
9
2
g
 

£
£

f, 
01£V 

jZ
7 

6gZ 
ggq9

gZZ 
"99 

19C
£ 

Fcgg 
16! 

ZVga
Igg 

M
t
 

61£ 
gg 

981 
V
L
Z

961 
2
1
£
i
t
 

9
V
£
£
 

gg 
-

8
1
T
 

6,9g
6ZM 

ot 
9
2
g
£
 

LIZ 
761 

W
O

719Z
 

~ 
98£ 

N
061 

96g 
8

081 
g8g 

_f,8g
I 

tOT 
89Z 

4
211 

o
c
a
g
-
9

Oig 
161

M
 

891
91g 

g91
IV

I9 091
9 

891

I 
ffZ

 U
c 

9CZ 
qlz~~91

:
8
1
S
 

ooz 
gig 

01g
£
1
9
1
 

qgg 
z
l
z
i
g

g
 91 

-
8
1
'
 

1
I
T
Z
 

.1
2
 6 

*
 

981 
*
 

ONg 
Sog

121L
gil
101
go1
£
.
9

I

9V99

8,9g
9'6Z

821 
g-tq

gil 
-

1'g£2
W
£
 

augz
PUT 

8 g9
g

t
i
a
l
 

f
 

9L7

6tg 
061 

tog 
*I 

S~f9
661 

9C1 
Tog 

-
901 

-
t
1
a

t~l 
K
t
V
 

OOZ 
001 

W
i
g

191 
C
P
T
I
 

log 
66 

6O9Z
Sr1 

9g1 
£61 

001 
Wig

sl~un 
s
ju

n
I
 -gsau

jil5 
O'flmIunlc

.
: 

'
'
D
a
o

p
lu

o
g
 

p
u

tq
W

O
,)

.uns1fl

I 
j3!ttuoqmoSpeanmto 

r

sen
2
o
g
i

woitnaqia!waS

lva~utaqM
o~aS

lu
m

a
q

m
p

 
pw

nvuim
uI

1v31waqDO1Uas poaluum
rql

p
O

u
rn

ja
x

im
0

5
a

I¶311u0M
3!W

Os
s

flto
g

'
J
O
1
1
V
 
'
V
2!
A
 

'hNodOA

1jadi~~v.,) 
1114U

1flipO
IV

 IU
tIU

ttU
JO

*
 
'I3A4Aq 

1,11013M
 

U
aN

I'1 
N

3H
A

ID
 

V
 IV

 
IV

fIIU
I3IV

flfi)IV
'I1

 
3111 

O
N

LIU
LV

A
 

d
0

 
1

9
3

3
3

3
 

3111. O
N

ISH
O

TIS 
SU

IITV
0f 

U
3IIO

 
aJfjL

Itl-V
 

3
0

9,06

V
Z
6

Yg6

g'69
9
t
o
9

9'6o
Z

W
69

g,69

9SfV
W
U
a

9OCt
Ottf
9OVt

i
o
g

g
-
Z
9
2
g

F
t
o
g

9t9g
g,9Z

0R16

gg76

97Z9

9;79
9,79

9£'U

SAto

S
9
-
o
g

g
9
z
g

9'ggz
g
9
-
f
i

C01
go I
lot
001
66J
1
6

936
96,
26
8
01
6

066
8

£
8

C
I
S

9
1
8

8
8

92T
12

x
 aquw

l

jo
u
l!3

 
ya 

JoulI' >j q
.qI

4OASIS~g
S1ouU

13

uqu~iqt'U
oqw

O
nM

ill

SDIJISDIE11,DVUVIID 
'
 IVOISAXHJ

I 
I 

I
I

iI



;" i, " f ;··v".; ft·-r>, ^;,,,urc

strength is primarily a function of the liners. It also may
be observed that, at the two lowest levels of liner weight-
i.e., 26 and 42-lb.-the bursting strength results for the
samples fabricated with laminated mediums were higher
than those fabricated with only a single medium. However,
at the higher levels of liner weight the samples fabricated
with the laminated medium exhibited lower bursting
strengths. This is probably the result of "double-pops"
which have a greater influence on the test restlls at the

- higherbursting strength levels..__ ...
Figure 14 presents the G. E. puncture results and it may

be noted quite readily that at any one of the five liner
-weight levels, an increase in- corrugating medium flat
crush resulted in an increase in the G. E. puncture test,

thus, indicating that unlike the bursting strength test, the
G. E. puncture test is dependent on the corrugating
medium as well as on the liners.

The C. E. puncture and bursting strength results are
shown together in Figure 15 for comparative purposes.
Examination of the data indicates that increasing the
corrugating medium stiffness at a given level of liner
weight has a considerably greater effect on the G. E.
puncture test results than on the bursting strength test

-results.. This tends to confirm -previous- investigations
which have shown that the corrugating medium character-
istics contribute significantly to the G. E. puncture test
results but are of considerably "less importafice to the
bursting strength results.
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FmrunRE 13. Bursting Strength Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights Iach
Falirirated with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the Effect of Varying

Flat Crush at Each Level of Liner Weight
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FIUH E 14. 0. E. Puncture Test Results on A-flute Combined Boards Made with Balancedl Litners of Various Weights
Each Fabricated with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the
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FlincmL 17. Normal Adhesion Test Results on A-flute Combined Boards Made with Balanced Liners of Various Weights
Each Fabricated with Corrugating Mediums at Five Levels of Combined Board Flat Crush Showing the F:ffect of

Varying Flat Crush at Each Level of Liner Weight
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FiO.UE 18. Compression Tests on A-flute Boxes Made with Liners
of Various Densities Each Fabricated with Corrugating Me(diums

at Three Levels of Combined Board Flat Crush

THE EFFECT OF LINER I)ENSITY ON BOX COMPRIIESION

The top- and end-load box compression results obtained
for the three levels of liner density and corrugating me d ium
stiffness are given in Table XI and presented graphically
in Figure 18. Examination of the tabular and graphic
presentations indicates that the liner density in the range
studied did not appear to have a significant effect on the
top- and end-load box compression results. This observa-
tion is based on only three comparisons and thus should

not be interpreted as conclusive evidence, but rather only
as indicative.

THE EFFECT OF [LINER DENSITY ON COMIIINED BOARD

CHARACTERISTICS

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

2501-
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69 

FItmuial 19. Basis Weight Test Results of A-flute Combined Boards
Mlade wiLt Liners of Various Densities Each Fabricated

with Corrugating Mediums at Three Le.vels of
Combined Board Flat Crush
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FIGURE 20. Caliper Test Results of A-flute Combined Boards Made
with Liners of Various Densities Each Fabricated with Corrugating

Mediums at Three Levels of Combined Board Flat Crush

board basis weight and caliper results are show in Figures

19 and 20, respectively. The variatiorss noted in basis
weight and caliper of the combined board as the liner
density varied were very small and apparently insignif-
icant.
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- FlGuna 21.-Bursting Strength Test Results of-A-flute Combined
Boards Made with Liners of Various Densities Each Fabricated

with Corrugating Mediums at Three Levels of
Combined Board Flat Crush

The bursting strength results presented in Figure 21
graphically indicate that an increase in liner density rc-
sulted in a slight increase in the bursting strength of the
combined board.

FIGunE 22. G. E. Puncture Test Results of A-flute Combined Boards
Made with Liners of Various Densities Each Fabricated with

Corrugating Mediums at Three Levels of
Combined Board Flat Crush

It may be seen in Figure 22 that the combined board
G. E. puncture results appear to increase as the density
increases although the diffcronce may not be significant.

The bursting strength and G. E. puncture results are
presented togther in Figure 23 for comparative purposes.
At the highest corrugating medium stiffness level, the
contribution made by the laminated medium to the G. E.
puncture result was much greater than its contribution to
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FicunR 23. Comparison of Bursting Strength versus G. E. Puncture
Test IResults for A-flute Combined Boards Made with Liners of

Various Densities Each Fabricated with Corrugating Mediums
at Three Levels of Combined Board Flat Crush

the bursting strength result, again illustrating the influence
which the medium has on the G. E. puncture results.

The combined board G. E. stiffness test results are
shown in Figure 24. Examination of the graphic data in-
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I'OuaRE 24. G. E. Stiffness Test Results of A-flute Combined Boards
Made with Liners of Various l)ensitics Each Fabricated with

Corrugating Mediums at Three Levels of
Combined Board Flat Crush

dicates that an increase in liner density was accompanied
by an increase in the G. E. stiffness of the combined board.

The normal adhesion results shown in Figure 25 indicate
that liner density in the range studied did not affect the
magnitude of the bonding strength of the board.
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Flouna 25. Normal Adhesion Test Results of A-flute Combinedl
Boards Made with Liners of Various Densities Each Fabricated

with Corrugating Mediums at Three Levels of
Combined Board Flat Crush

THE EFFECT OF POSITION OF LINERS OF. DIFFERENT

WEIGHTS

Effect of Liner Position on Box Compression

Run Combinations 104 and 105 were made with Iun-
balanced liner weights of 38 and 47 lb. Run Combination
101 had a 38-lb. single-face liner and 47-lb. double-face
liner. This order was reversed for Run Combination 105.
Both combinations were fabricated with the same cor-
rugating medium. The top- and end-load box compression
results are given in Table XIII and shown in'graphic fbrm
in Figure 26. Observation of these data shows that with
the lower weight liner on the inside, the boxes sustained a
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lI-lfute end-load compression values were approximately
the same for starch and silicate adhesives.

050410
,.AA £*l0

' Fuir: 2!). G. E. Stiffness, Normal Adhesion, aid' Flat Crush
Test liesults of A-fute and B-flute Combined Boards

Made with the Same Adhesive

normal adhesion values showed no dependence on the
type of flute and, as would be expected, the B-flute flat
crush results were considerably higher than A-flute results.

THE EFFECT OF THE TYPE OF ADHESIVE (STARCH VERSUS

SILICATE).

Effect on Box Compression

Runs 85, 100, 107, and 108 were fabricated from similar
42-lb. liners and 26-lb. semichemical corrugating medium,
the only intentional variables being the flute and the
adhesive, a situation which provided an opportunity to
study not only the effect of flute construction, A- versus
B-, both combined with the same adhesive, but also the
effect of the adhesive itself on A- and B-flute board. The
top- and end-load box compression test results are pre-
sented in Table XVII and illustrated graphically in Figure
30. Examination of these data indicates that the A-flute
and 1B-flute boxes fabricated with silicate adhesive exhib-
ited higher top- and end-load box compression results
than those fabricated with starch adhesive. The A- and

Run Combnation
Adhalve

--- Top .Load (0-0.75 inch)
------- End Load (0-050 inch)

85 1IO
Stardc Slialot

[---

107 108
Storch Siloto

e A 0

Fl.nil i 30. Compression Tests on A-flute and B-flute Boxes
Made with Different Adhesives

Effect on Combined Board Characteristics

The combined board test results are shown in Table
XVIII and given graphic presentation in Figures 31 and
32. In Figure 31, the basis weight, caliper, and bursting
strength versus G. E. puncture results are shown and

S, ,. . r
..- ZF-$tlrc 10'-h

AHU~ C i ll- 11 ' 1, a*

Fo:lilmi(E il. Basis Weight, Caliper, Bursting Strength, and C. E.
Puncture Test Results of A-flute and B-flute Combined Boards

Made with Different Adhesives

exhibit the following trends: The basis weight results were
slightly higher for the A- and 13-flute boards fabricated
with silicate adhesive, whereas the caliper results were
approximately the same for both adhesives and flutes.
The other tests-bursting strength, G. E. puncture, G. E.
stiffness, flat crush, and normal adhesion-did not appear
to be affected significantly by the type of adhesive.

- D..w.r. i.

* BO 41 AI t -

.. .J. ~
°~ »o -

-w C... 4T.. »»k0 1- 

FIauRE 32. C. E. Stiffness, Normal Adhesion, and Flat (rush
Test tResults of A-flute aid B-flute Combined Boards

Made with Different Adhesives

T'I E EFFECT OF THE AMOUNT OF ADHESIVE

Run Combinations 85, 86, arid 87 were fabricated with
the same 42-lb. liners and a standard 26-lb. semichemical

corrugating medium into A-flute board, the only variable

being the amount of starch adhesive applied which was

varied by changing the clearance between the adhesive
pickup and wiper rolls from 0.008 to 0.015 inches. Run

Combination 86 was fabricated with a "light" adhesive

application (0.008-inch clearance); Run Combination 85

33
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with a "regular" adhesive application (0.012-inch clear-
ance); and Run Combination 87 with a "heavy" adhesive
application (0.015-inch clearance).

Effect on Box Compression

The top- and end-load compression test results are
shown in Table XIX and illustrated by means of a graph
in Figure 33. It may be seen that for "regular" and
"heavy" applications of adhesive the top-load box com-
pression test rcsultswcre higher thanlfor the "light" ap-
plication. However, the end-load box compression test,

l10Or

Top Load ( -0.75 inch )
------ End Lood (0-0.50 inch)

150

IO

-0

:1

S LL
Ru. COmnoHlo BZ 85
*d,, ,,,nc,,cn uOa S«L~lna' uoit 'OI.

5 87 Z 05 87
1a Hkl Zigt 5 RZi HJ Z

800-

700

8

0
0

SO

60oo

400

300

100

Run Combhation
Adhesive Application

86
Light

85
Reular

87
Heavy

FlmuRE 33. Compression Tests on A-flute Boxes Made with
light, Regular, and Heavy Applications of Adhesive

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

Effect on Combined Board

The combined board test results are given in Table XX
and presented graphically in Figures 34 and 35. Figure 34
presents the basis weight, caliper, and bursting strength
versus C. E. puncture test results. It may be noted that the
basis weight results inicrased ias the amount of adhesive

35

Fil'citi 34. Basis Weight,
'uncture Test Results of

Light, Regular, and

Caliper, Bursting Strength, and 0. I'
A-flute Combined Boards Made with
Heavy Applications of Adhesive

increased as would be expected, and the caliper results
remained relatively unchanged. The bursting strength
versus C. E. puncture comparison indicates that both
tests increased as the amount of adhesive increased. Figure
35 presents the normal adhesion, flat crush, and C. E.
stiffness test results. The normal adhesion results are 'very

interesting in that they indicate the adhesion strength of
the board is somewhat proportional to the amount of
adhesive used. It may be noted that tho flat crush test
results were not affected by the amount of adhesive but
the G. E. stiffness results seem to bear a direct relation-
ship-i.e., the results increased as the amount of adhesive
increased.
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STATISTICAL ANALYSIS OF DATA - -

RELATIONSHIPS BETWEEX VARIOUS COMPONENT, COM- line of the least square is a measure of the correlation
BINED BOARD, AND Box TESTS between the two tests in question. It is also possible by

As was mentioned previously, one of the objectives of
-..--- this study was to try- to illuminate the relationship between_

(I) the G. Ic. puncture test and conventional tests on com-
ponents and combined board and (2) box compression and
thfe G. E. punlture test on-combined board. Of interest
also was the intercorrelation of tests on combined board
aid boxes as well as the relationship of conventional com-
ponent and combined board tests to box compression.

In order to determine these relationships, the data have
been divided into two groups. In one group, there are 16
different samples, 14 of which were fabricated with bal-
anced 42-lb. kraft liners and different corrugating me-
diums, and two of which were fabricated with unbalanced
liners (38 and 417 lb.). In the other group, there arc 36
different samples, 34 of which were fabricated with bal-
anced liners and two of which were fabricated with un-
balanced liners varying in weight from 26 to 90 lb. and
corrugating mediums of widely different characteristics.

Before the correlations are considered, it may be well to
review briefly what they indicate and how they may be
interpreted. The relationship or correlation between any
two tests can be judged roughly by merely observing the
numerical data. However, this method leaves much to be
desired in that it can be applied to only the more obvious
correlations. Another method of determining the pattern of
the relationship between two tests is to plot the data.
Absolute linear correlation exists if, when the plotted
values are connected, a straight line results-i.e., all
plotted points fall on a straight line. When the plotted
points do not form a straight line, the correlation is not
absolute. In fact, the more the plotted points deviate from
the line, the less the correlation. A third method of deter-
mining the correlation is the statistical method by which
so-called "correlation coefficients" are calculated. This
method of analysis is a determination of simple correlation
involving the interrelationship between two different tests.
The relationship between two tests may ble obtained by
plotting the respective test results and then determining
the line of least variance by the method of the sum of the
least squares. Tlie closeness of the plotted points about the

algebraic means to calculate the correlation coefficient
and thus eliminate the necessity for plotting the points
and determining the line by the rsu of the least squares.

In simple correlation, the correlation coefficient is
-defined as .-..

R- ./nl y- (Ex) (FIy)l
V [,,Ex' - (Ex)'l [nEy' - (Ey)'l

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

INTERCORRELATION OF COMBINED-BOARD TESTS

The correlation coefficients obtained from the inter-
correlation of combined board tests are shown in Tables
XXI and XXII. The results given in Table XXI are based
on 16 samples of combined board fabricated from liners
ranging in weight from 38 to 47 lb.; the majority of the
samples (16) were fabricated as balanced board using 42-lb.
liners while only two were fabricated as unbalanced board
using 38 and 47-lb. liners. The correlation coefficients for
the relationship of basis weight to the other tests, it may
be seen, are +0.80 for bursting strength, +0.91 for G. E.
puncture, +0.83 for G. E. stiffness, and +0.92 for flat
crush. The magnitude of these coefficients indicates that a
relationship between the two tests involved does exist.
Generally speaking, these coefficients tell us that the
greater the weight, the greater also will be the magnitude
of the bursting strength, G. E. puncture, G. E. stiffness,
and flat crush tests. The intercorrelation of caliper with
the other combined board tests indicates that there is little

TABLE XXI
SIMPLE CORRELATION COEFFICIENTS BETWEEN COMBIIIND BOARD TESTS

(Sixteen 200-lb. Series A-flute Combinations)

Bursting . E. G. E. Pin Adhesion
Caliper Strength ' Puncture Stiffness S.F. D.F.

Basis weight
Caliper
Bursting strength
(. E. puncture
G. E. stiffness
Pin adhesion, S.F.
Pin adhesion, D. F.

+0.(;5 +0.80
+0.37

+0.91
+0.8 
+0.71

+0.83
+0.841
+0.68
+0.98

+0.21
+0.2.1
+0.:3-
+0.3:1
+0:40

-0.36
+0.08
-0.29
-0.05
+0.06
+0.04

30

Flat
Crush

+0.92
+0.7'
+0.71
+0.98
+0.95
+0.38
-01G(;
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TA SLE XXV
SIMPLE CORRELATION COEFFICIENTS BETWEEN

COMPONENT TESTS AND BOX COMPRESSION
(Sixteen 200-lb. Series A-flute Combinations)

Box Compression
Components Tests T6p-lo6d' End-load

Liner (S.F. and D.F.)
Bursting strength
G. E. puncture
Ring compression, in
Ring compression, across
Tensile, in
Tensile, across

Corrugating medium
Bursting strength
Ring compression, in

.Ring compression, across
Tensile, in
Tensile, across
Concorn
Single-fluter

+0.07
+0.11
+0.08
+0.11
+0.05

. .._ +0.11

+0.60
+0.72
+0.61
+0.68
+0.71-
+0.64
+0.68

+0.1:
+0.18
+0O. 
+0.16(
+0.14
-0.15

+0.71
+0.82
+0.78
+0.79
+0.81
+0.77
+0.81

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

RELATIONSHIP OF COMPI'ONENT TESTS TO COMBINED BOARD
AND BOX TESTS

The correlation coefficients for the relationships of
various liner and corrugating medium tests to combined
board and box tests are shown in Tables XXIV and XXV,
respectively, for the 16-sample population and in Tables
XXVI and XXVII for the 36-sample population. It is
readily apparent from an inspection of Table XXIV
(1(-sample population) that none of the liner tests correlate
well with the combined board tests. However, whereas
none of the corrugating medium tests correlate well witl
combilled board bursting strength, all of them seem to
correlate fairly well with the G. E. puncture and' G. IE.
stiffness tests on combined board. This phenomenon can

be explained by the fact that the G. E. puncture and G. E.
stiffness tests measure corrugating medium properties
which the bursting strength test ignores. Also of interest
in Table XXV is the poor correlation between liner tests
and box compression for the 16 sample'population. This
may be explained by the fact that a very narrow range of
liner weights was involved. On the other hand, the range
of corrugating medium properties, weight included, was
rather broad; and it may be noted that the correlation
coefficients for the relationships between various corrugat-
ing medium tests and box compression were substantially
better than they were for the liner relationships.

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

MULTIPLE CORRELATIONS OF COMPONENT TESTS VERSUS

COMBINED BOARD G. E. PUNCTURE

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

TABLE. XXVI
SIMPLE. CORRIIEIATION COEFFICIENTS BETWEEN COMPONENT AND COMBINEI) BOARD TESTS

(:6 A-flute Combinations)

Combined Board Tests

Component Tests Bursting Strength G-E. Puncture G.E. Stiffness

Liner (S.F. + I.F.)
Bursting strength +0.9( +0.75 +0.62
:G. E. puncture +0..: +0.75 +0.55

Ring compressioln, in +(+0.5 +0.73 +0.61
Ring (.comressilon, across +0.97 +0.7(1 +0.il
Tensile, in +0.88 +0.70 +0..0
Tensiln, across +0.)(i +0.77 +0.59

Corrugating mediunll
IBusting strength +0.23 +0.45 +).52
Ring comlpression, in +0.20 +0.51 +0.11
Ring compression, across +0.21 +0.4i +0.55
Tensile, in +0.18 +0.45 +0.54
Tensile, across +0.22 +0.5) +0.58
Concora +0.17 +0.40 +0.52
Single-liuter +0.21 +0.47 +0.58
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