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rugnting mediums. Also, higher top-lo:i cominpressiol
averages were obtained for the B-flute boxes fabricated
with Chem Fibre than for B-flute boxes fabricated with
other types of medium. However, the B-flute boxes
fabricated with Fourdrinier kraft medium gave higher

- - end-load compression values than those fabricated with
other mediums.

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

-- -- rugating-mediums. The-boxes fabricated-with the roll
of chestnut corrugating medium gave the lowest drum
and drop test results.

The results obtained on the combined board samples
of the same run combinations showed the effect of the
type of corrugating medium on combined board char-
acteristics.

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

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

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

THE EFFECt OF POSITION OF LINERS OF DIFFERENT

WEIGHT

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

1. Higher top-load compression values tended to
result when the heavier of the two liners was placed on
the inside (S.F.) and the lighter liner was placed on
the outside (D.F.) than when the liners were in the
reverse position. This observation was particularly

appalnnt lorcbuxes'uidW' th e:Jln f ereo -~al r ' ,
was thelgreatest.

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

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

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

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

STATISTICAL STUDIES

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

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

Simple correlation coefficients were calculated to
establish the relationship between the weight of the
combined board and certain combined board strength
tests and the relationship between the weight of the
combined board and the top- and end-load compression
tests on the corresponding boxes.
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Average
Materials' Basis Flasks
___________________- Weight Weight

Single- Double- of of Corn-
Ran Face Face [,inerh, bined Board,

Combination Liner liner lb. lb.

25 38-lb. 1) F 38-lb. D F 40.8 124

26 42-lb. DY 42-lb. OF .43.2 130

23 47-11,. WIF 47-li,. WF .18.1 138

24 47-lb. OF. 47-Il,. DF 50.9 142

35 47-lb. Ef 9JO-lb. WEV 67.6 180

'26-lb. kraft corrugating medium used fin each combination

TABLE X

PHYSICAL CHARACTERISTICS OF B-FLUTE COMNBINED BOARD
Average

Materials* Basis Basis
Weight Weighit

Single- Double- of of Coin- Caii.
Ruln Face Falce Liners, bained Board, per,

Combination Liner Liner lb. lb. points

25 38-lb. DY 38-lbh. DF 40.8 121 108.3

26 42-lb. DF 42-11,. DF" 43.3 126 108.8

23 47-lb. WET 47-lb. WE 47.8 .135 110.0

24 47-lb. DF 47-lb. DY 51.0 130 115.01

35 47-lb. WVF 00-lb. WFT 67.7 175 124.0

-26-lh). kraft corrugating medlium used in each combination

MADE WITH DIFFEREINT

Bursting
Strength,

points

250

256

259

203

336

G. E.
IPLlne-
tn re,
United

250

262

2413

2741

316

Li. E.
Stiff-
[less,
unit'

(J9

100

108

11lB

1 35

WVEIGH1T LINERS

Puk
Adhe- I 1. & 1D. F
Sioni, Crush,

lb). lb,/sq. it,

72 38.0

SI 37.8

82 38.7

79 36.8

88 38.4

1 6

14

120,- 2

goal-

60

I.

0,
C

a.

60)-

4 ol-

m~

-n

At. Liner WI., lb. 408 43.3 47.8 51.0 67.7"
-Run Comrbinoflon,, 25 26 23 24 35

FriiunE 5. Drum 'Paest on B-Flute Boexes Madue with

Different Weight Liners.

'lTids vallie i the! average of sI'. liiicr 493 el DI'. hie, 87.1 lilq.

14

01

I

I 0

8

6

4

K-

Av, Lne, I

Av.LIotiWI lb 40 8 43.3 4 78 5 I 0 67.7 
Run, Comrbuintion 25 26 23 24 35

F'roun r, r.welve-inch Corner Drop '['at~s On Il-Flute, Boxes
Made with Different X% eight ILiners.

' This valuec is thei twoImpg of S.F'. litter 18.1:tu ZIll'. finet: S7.1 1In.

18

Cali-
per,

points;

173.5

177.8

165.0

180.5

186.6

Ilursting
Strength,

points

245

236

242

262

324

G. E.
I'unc-
turtŽ,
-units

2418

267

251

264

346C

(1. FL"
Stilt -
ness,
units

96

102

108

116C

129

P'it
Adhe-
5101n,

-1lb.

46

47

52

49

57

I. & D. PInt,
Crush,

lb./sq. in.

27.0

27.0

23.7

241.7

25.1

LiII
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240AV. Liner Wt,lb 40E 43.2 48.1 50.9 67.6 Av. Lin'er WI lb 40B 3 8 0 7Run Combination. 25 26 2 23 24 35 Run Comhinnhnn. 432 4O1 50 66--

Av. Liner Wt., lb. 40B
Run Combination. 25

.432 4ga
26 23 24 35

AV.LIner Wt.,Ib. 408
Run Combination. 25

43.2 481 509
26 23 24

tS 27'
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0
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Av. Liner Wt., lb.
Run Combination.

[~ HF]

408 432
25 26

FIGURE 7. Physical Characteristics of A-IFIlte Combinedl Botril 'Made Witt, 1)itffert Freight liners.
* This value is the average of .F'. liner 48.0 wnd O.F, liner 87.2 Ilt.
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24 35
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Liner WI.Ilb 40.8 4~3 3 47 8 51.0 67.7*
Combination. 2$ 28 23 24 35
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371-

36I1
Av. Liner WI , lb.
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3201-
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240'
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*7 82
0

~ 0
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Q.
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Av.Liner V
Run Comb

HH711- A
Ilb, 40.8 433 47 8 51.0 ~67~7 V 

wahen. 25 26 -23 24 - 35

'tOO~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

FT.IO. 'Vb

iinotion. 25 26 23 24 35

408 43.3 47.8 $1.0 677'
25 26 2-3 24 35

Fie nit S. Ph'lysical Clhuraeterit ics of I1- Flu te Combino~i d Board Made with L)ifll eatt Weight Liiiers.

This value is thme average of S. F. liner 48.3 and[ D.F. liner 87.1 llbs.
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B-flite were produced fronm 42-11). D1)1i' "mIIrrinier klrIaft
liners and four different types of o rrugating medi m ns-- -

i.e., kraft, chestnut, Chem libre, and straw.

EFFECT OF TYPE OF CORRUGATING MIHIIUM ON 1BOX

CHARACTERISTICS

The effect of the type of corrugating medium on box
characteristics may be studied by examining the test
data for Run Combinations 26, 27, 28, and 29. These
data are given in Tables XIV and XV, and in Figures
9-12, inclusive.

The- compression test-data show . that the-A:flute
boxes made with different types of corrugating mediums
gave a wide range of compression resistance. For example,
th average top-load compression value for the b)Oxes
fabricated with Chem Fibre medium was approximately
100 pounds greater than that for tile boxes fabricated
with kraft medium. A similar difference was shown be-
tween the corresponding averages obtained for end-load
compression. The range of the averages exhibited by
the B-fute boxes was much lower. This was particularly
noticeable for the top-load compression averages. Figures
9 and 10 show that the relationship of the top-load
compression to end-load compression for the A-flute

800 

700 

600 - ---

500

'

400-

300 -

200

100

0
Corrugoting Medium. Kroft Chem Fibre Chest- Strow

nut
Run Combino tion. 26 27 28 29

Filr.uni 9. Comircs.sion Tets on A-Flut:e loxec M:I(e!
with Dit)Torent Corrugat in M irdinlls.

- [-- Tp l.(Lo (0-0.75 inch)
............... ! Luit[ (0-0.50 itcl)

600 I I "

So - NH --
0
-J

iao.
E
0- --

400C

3001

200-

100o-

0
Corrugoting Medium. K

Run Combino lon.

Craft ChemFibre Chost- Straw
nut

26 27 28 29

FI''iUE 10. Compression Tests on B-Flute Boxes Made
with Differiut Corrugating Mediumns.

-- Top Load (0-0.75 inch)
....................End Lod (0-0.50 inch)

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

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

In addition to the compression test, drum and drop
tests were carried out on the B-flute can boxes of Run
Combinations 26, 27, 28, and 29. I'he drum and drop
test data are presented in Table XV and arc illustrated
graphically in Figures 11 and 12, respectively. In general,
the drum and drop tests appear to arrange the boxes
of the four run combinations in about the same order.
The arrangement of corrugating mediums in order of
decreasing drum test values was kraft, straw, Chem
Fibre, and chestnut. In order of decreasing drop test
the arrangement was kraft, Chem Fibre, straw, and
chestnut. The results indicate that the boxes made with
26-1b. kraft corrugating were far more resistant to the
rough handling action of the drum or drop test than
were those made with other types of corrugating medium.
The boxes made witl the kraft corrugating medium gave
drlum values which were approximately 63% higher
than those For the next lower sample (straw medium).

24
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oIl I~~
Av. Liner Wt.,lb" 43.7
Run Combination.

43.2 44.0.
32 26 3 3

47.6 48.1 47.6
30 23 31

67.6 68.0
35 34

F' iti' ; 1.5. Compressionrc''sts .Ct, A- Flute Itot) ML ade wvith Sin~gle- andl louble- Face L~iners of lDifLrout WX¼ightO.

--- T' p Load (0-0.75 inch)-
.......I. ... Eld oad (0-0.50 ittelh)I

* Ron Comrtbination
S.F. Liner Wt., lb).
O.F. Liner WI>. lb.

0

0
C

60

L0

a 00 

0 

Av. Liner Wt., lb.'
Run Combination.

32 211 33 30o 23 31 35 34
89.4 42.3 47.8 43.3 47.0 51.9 43.0 87.9
48.0 43.7 40 2 51 .8 -iS :i 43.4 87.2 48.0

44.0 43.3 43.8 47.8 47.8 47.8 67.7 682
32 26 33 30 23 3 1

VI Ii It I. ( 'm II.It i, jo I' 'let , onI I k-l'lcIto, Bom, Ne' f i ~~I v itt I II"i ~glc I It IDoublol-Faco i~inr,t oIF I iTreo VighIo

- - -..-' T',~ p Lowl (0-0.75 itwht)

* Rl lnt C ttibil litiotjrt
S. . luIte,. Wt., lb).
ID.VF Littr Wt lIt.

32
40.I
47 I)

218
122)
43 7

33 10 23 3! :sr, :si
i8 (I 4388 17.9 52. 1 418.8 S8.5

:3)5 52 2 47.0 4; 3 41 . 87. 1 47 9

35 34
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TABLEI XXHIrI --

PIM'IIVl(AI (:IAlnX('TFRIS'TI(S OF A-'A'II:(t)AIJINEIl) bt)AIID MIA EINI XITlll

Single-

47-lb. WFI

412-lb. DF 

52-lb). WF

12-lb). DF! 

38-lu'. DF

417-lit. IV V

90-lb). WF

417-lb). WF

_____ ~~~Basis
I Itule,- Weight of

Fool! ~illers,-
I~w mt l.

[7-Ilb, "WV 48. I

.52-11,. WV F I7. 6

42-It,. 1)V 47 63

52lb VVI 132

,17-1lb. WF 43 7

x8-lb. I )F' 44.1)

47-lb. WV' f('S 0

0)0-lb. WVF 67 (;

I 1i L. iS
Weiglit,

II,.

137

136

130

131)

[ 30

178

1.8

165 II

177 8

17-4 .1

75) 5

'7171 -1

IS [.0

I 96, 6

lBtrst, ing
St re rgth F

point s

212

259

239

228

322

324

I lire, -

251I

25S

263

267

252

265

341)

346

lSit

107

102

los

''3

139

129

''ii

lb.

-II

*11)

47

49)

47

CI0

57

HI. & D. lint.
Ciuish'

lbs.in.

23. 7

23 Ii

21 7

27. 0

21 3

25.4

25 6

25.I

'26-lb. k raft torrtigtt i rg medut l f IWQIt 1W ill each ComtIbinoatiton.

'TABLE XXIV

I'llYVSICAL CIHARACTERISTICS OF B-FlUTE COMIBINED) BOARD) MADE WVITHI
SINGLE- AND DOUBLE-FACE, IXNE16S OF DIFFERtEN'r WEIGHTS

Materials-

Single-
Face
Liner

47-lb). WET

52-Il,. WF

42-lb. D)F

38-11b. D)!

47-li,. \VT

1)0-lb. WVF

417-lb. WVf

1)ouble-
l'ace

Liner

47-lb). IVF

52-lb). XVF

52-lb). D)!

DFl,.11

'17-lb. NVIT

38-lb). DIF

-47-Ilb. WI'

90-lb. W Il

Average
Basis

Weight of
Liners,

lb.

47.8

47 8

47 8

413 3

41 0

13 8

GS .2

67 7

Ba s is
W~eigh~t,

lb,.

135

121)

:133

126

127

127

174

I75

Catliper,

points

110 0

10(; 0

1 151- 3

HIS.8S

112.6

1 13.3

120.2

12-1. f)

llurstiitg
Strength,

poiltts

259

251)

218

25f;

2!!1

2 14

:121;

3p6

(1. E.
Punc-
tuure,
tinits

243

22*

237

262

222

229

305

31 6

Stiff-
ness,
units

HISI

101

Ito

139

P'ill
Adhe-
siali,
lb.

82

72

82

SI

87

86

87

88

11. & fl. Flat
Crush,.

lb./sq. in.

38.7

32.0

36 7

37 8

401)0

40. 9

36.1

I38 4

*2fi-lb) kraft. corrugatintg ntvdiauni sa~s tsedli in tit tf flte.- tttllilil.i..t

36(

Ruln
-CoMbi-
nation

23

30

3!

--26~

32

33

34

35)

Combi-
nation

23

30

31

26

32

33

35



2201 111111 II I II 1 1 1 1 1
Av. Liner WtMb48.I 47.6 47.6 43.2 43.7 44f0 6&.0 67.6
Run Oonbinotlvn23 30 31 26 32 33 34 35

36017

oh

CL

:mi
0.

340

320

300

280

260

IAn'~
Av. Liner Wt.,148.1
Run Combinotiont23

47.6 476 43.2 43.7 44.0 68.0 67.6
30 31 26 32 33 34 35

160

140~

0
C0

0,

I 201-

100

Av Liner Wft,Ib. 48.1
Run Carbinotgon.23

47.6 47.6 432 43.7 440 68,0 67.6
30 31 26 32 33 34 35

4

CL

3(A I I I- . I.. . I. JJW1 I I I I-
AvLinerWt.,Ib,48.I 47.6 476 432 437 44,0 68.0 67.6
Runoombinotvon23 30 31 26 32 33 34 35

Cr

I

0,

n

:3

co

0

Av LinerWt.,Ib. 48.1 47.6 476 43.2 437 44.0 68.0 676
Run~ombinotion. 23 30 31 26 32 33 34 35

FioUaa 19. Physical Cha..racteristics of A-Flute Combine'1 Board Made, with Single- and( D o,,hlo-Fave jLinisr of Different Weights.
The basis weights for the S.F. and D. F. liners are givenl in tin( focotlrote~, of Fligure( 15.

m-1F]7 I F] H

'Vf1FnriF

. I .., .11, � - n � ,
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'A L I r, AX-r?,r

340

aaz 

'30C 

-c280 

~ 260

AVl. Liner Wt.,Ib. 478
Run Combination. 23

47.8 478 433 44f0 43S 682 67.7
30 31 26 32 33 34 35

Av.,Liner Wt., Ib. 478 478 47.8 433 44.0 43.8 682 67.7
Run Combination. 23 30 3 1 26 3 2 33 34 35

140-

130 

'20

910 

AY. Liner Wt., lb. 47.8 47.8 47.8 433 44.0 438 682 677
Run Combination. 23 30 31 2 6 3 2 33 34 35

88

86

*6 84

C82
80

4 78

0. 76

74

72

Av. Liner Wt.;Il
Run Combinotia

,. 478
n. 23

478 478 43.3 44f0 43.8 6812 67.7
30 31 26 32 33 34 35

Fwiovi 20. Physical Chanradteustieb ,f Il-Flite Oinubined Wontr Made wvith Sinlgle- tito IDotlikle-Itie UHiNe, of MIlTetenlt Wights.
The basis weights flIt r the S.. Iand D.FI. I fiers alc giVenr inl fthe f1) ti U~tV, of F'igo re 16.
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face and double-face liners. The weight factors are
determined by a statistical technique knmvn- as multiple
regression. T'le weight factors determined for the basis
weight of the liners used in the ten run combinations
under consideration are given -in Table-XXX. Tlhe
weight factors presented in Table XXX have been used
in predicting the box compression values based on weight
of the liners. It may be observed that, when top-load
compression is being considered, the single-face liner

Comb-l
Conombi-
nation

23
24
25
26
30
31
32
33
34
35

has a much higher weight factor than tile double-face
liner. This would indicate that, if one liner of a box is
to be heavier than the other, the heavy liner should be
placed on the single face to obtain the greater advantage
in-increasing top-load compression. The above placement
of liners should be reversed when end-load compression
is being considered. A comparison of the predicted and
observed compression values is given in Table XXXI
and Figures 21 to 24.

TABl.E XXXI

_ THRE P'EI)I TiON OK COMPRIltESSIVE STIRENGTHII FlO(M HASIS WEIGHT OF IINEItS . -.
Toup-iloi Cuommpression*s End-load Conprllcssiont

A-Flute - -lFlute A-Flute U-Fhlte

Preditedl Observed Predicted Observed Predicted Observed Predicted Observed

872
898
785
817
862
883
818
8410

1119
1021

931
938
777
765
834
840
857
818

1117
1009

568
590
519
535
559
574
534
546
743
673

561
592
516
544
567
582
503
562
738
677

633
667
543
573
627
626
580
581
870
87(i

676
687
504
546
652
643
546
601
852
868

637
678
547
579
642
628
593
577
864
925

683
777
541
637
633
572
495
570
848
915

'*Mxioumlnn load sustainedl.in the deflection range 0-0.75 iich
tMaxilnimun load sustained in the deflection range 0-0.50 inch

-13
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FinuRE 21. Comparison of Ob~served and Predicted 'Lop-Load Compression Tests on A-Flute Boxesq
(0-0.75 inch)-lBssed on the Basis Weight of thc Liners.
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Fitc nip: 22. Cmn patrlon of O) servcd and Pred idetc Ew nl-I oad Comnpnessiumn 'rests on A-Flumto Borxes
(0-0.50 inch)-FBasei! on the Bt:sis, Weight of the Liners.
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F~IGURE, 23. Comparison (If Observed and Predicted Top-Load Compression Tests on IB-Fluto Boxes
(0-0.75 ineh)-Based on the Basis Weight of the Liners.
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Pigrifle 24. Comnpar-isoni of Obsei veIl and P'red ictediFt En -Load I n nyin esim T jests4 .it It- Fiuteio H,
(0-0.50 illeh)-B:Lsod en thme [tasi, Weight of thme ILir,,rs
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