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Abstract

A wet-strengthened container board made of reclaimed material has been
developed at the Forest Products Laboratery. This report presents the results
of tests of boxes made from this fiberboard and V2s grade fiberbecard, One size
of the regular slotted style box for 24 Ne, 2 cylindrical cans was tested.

The fiberboard boxes made of six-ply, 0.110-inch reclaimed material
were shown to be superior in ccmpression tests to these made of four-ply, 0.098-
inch reclaimed material and of V2s beard, under all moisture conditinns. The
six-ply board was also found to be better in the rough-handling tests in which
the bexes were immersed in water for 24 hours wmrior to test. In this conditisn
the V2s boxes were the poorest of the three groups. The V2s grade boxes were
found to be superior to the reclaimed in rough-handling tests dry, and after
16 days' storage at 80° F., 97 percent relative humidity. All three groups gave
about the same protection to the contents, Application of a sleeve to a box
was shown to be somewhat advantageous to both tiae life of the box and pro-
tection afforded its contents, but did not add to the strength of the empty
box in compression,

Purpose

The tests summarized in this revort were made at the request of the
Office of Production Research and Development of the War Production Board,
The purpase of this work was to ascertain whether boxes made of wet-
strengthened reclaimed material would compare favorably with boxes made of
V2s-grade material, The reason for the study was the;acute shortage of new
kraft available for containers. :

LBuaed an studies of the U. S. Forest Products Laboratory at Madison, Wisconsin
in cooperatinn with the Office of Production Research and Development of the
War Production Board.
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'Description of Materials

All boxes tested were made by the manufacturer who produced the
board. The furnish used for the manufacture of the board consisted of 20
percent all kraft waste papers and 80 percent old containers. Two types of
the reclaimed fiberboard were made. One was made up of six plies of 0.016-
inch material with a total thickness of 0.106- to 0.110-inch, hereafter
referred to as 6-16. It was wet-strengthened with 3 percent urea formalde-
hyde. The wet-strengthening agent was added to the furnish at the beater.
The liners of each ply were sized with 3 percent rosin and the filler with
8 percent emulsified asphalt solids. Asphalt (hot melt) adhesive was used
between the liners and adjacent interior plies. A polyvinyl resin adhesive
was used to bond the four filler plies together. The other type was made
up of the same material but of four plies 0.02h-inch thick, with a total
thickness of 0.098 inch, hereafter referred to as 4-24. This board had no
asphalt adhesive, both liners and filler plies being bonded together with
the polyvinyl adhesive. When sleeves were used they were of approximately
the same material and construction as the box on which they were used.

Boxes made of commercial V2s grade board also were obtained from
the manufacturer of the experimental boxes. The V2s board contained at
least 65 percent new kraft fibers. Bursting-strength tests showed these
boxes to be of an exceptionally high grade of material while the sleeves
for these boxes met Vls grade specifications.

The boxes, which were the regular slotted style, were received
(collapsed) in good condition. Only one size was tested, that being the
size to hold 24 No. 2 cylindrical cans. The inside dimensions of the boxes
in order of length, width, and depth were 13-3/4 by.lO-}/% by 9-1/4 inches.
Cans used for test loads were filled with sand and sawdust and sealed with
a hand sealer. The gross weight of each can was approximately 2.25 pounds.

The boxes were assembled by fastening the bottom flaps with metal
staples, (Details of assembly and other pertinent data are given in the
appendix,) They were then weighed and loaded and the top flaps glued with
water-resistant adhesive which was allowed to set for 24 hours under pres-
sure. In gluing the top flaps of empty boxes the pressure was applied by
means of two l-inch thick wood panels, one inside and one outside, held
together at the center by a 1/2-inch bolt. After the glue had set, the nut
from the end of the bolt was removed, releasing the outside wood panel and
leaving the other panel and bolt loose inside the box.

Loaded boxes given rough-handling tests were reinforced in one of
the two following ways: (1) a fiberboard sleeve over the top, ends and
bottom with the body joint of the sleeve at the top-end edge, opposite the
body joint of the box and a 3/%- x 0.,015-inch flat metal band girthwise
around the center of the box (fig. 1); (2) no sleeve, but two 3/8- 0.015-
inch flat metal bands, one lengthwise around the .center and the other at
right angles over it, around the top, sides, and bottom (fig. 2). The
empty boxes used for compression tests were tested with and without sleeves.
No metal bands were used on these boxes.
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Test Procedure

Conditioning =

Frior to all tests the closed boxes were conditiened in one of the -
following ways:

1, Stored in an atmosphere of 72¢ to 80° F. arnd 60 percent relative
humidity., 3Roxes conditioned in this manner are referred tc as dry.

2, Stored for 16 days in an atmosphere of 80° F. and 97 percent
relative bumidity, BDHoxes conditioned in this manner are referrcd to as
moist, ‘ -

3. Immersed in water for 24 hours, 3Doxes conditioned in this
manner are referred to as wet,

£}
Compression Tests

Compression tests were all made with empty boxes to determine their
stacking propertics or rigidity without the sunport of a load,

Dry, moist, and wet boxes, closed put unfilled, ere tested in
top~to~botiom and end-to-end compressior in a universal tcsting machine.
Pressure was applied by parallel surfaces cf the nachine with no adjustment
made to insure even distribution of stress, to simulate conditions encounter-
ed in storage (stacking) and in rail shipment, An automatic continuous
recording device gave a complote record of loads in pounds and corresponding
compression in inches for the entire test, A record was made of all damage
to the box as well as a descriptior of the final feilure,

Rough-Handlinge Tests

~ Small drum tests.--The small 7-foot revolving hexagonal box-testing
machine was used for the drum tests of the fiberboerd boxes (fig. 7). :
Baffles and guides on the six inner faces of this drum cause the box to
slide, tumble, end fall as the drum revolves, simulating tie condition of
actual shipping and handling, A low conical projection represents the
puncture hazard, having an effect lile that of dropping one box correrwise
onto the face of another. Tumbling of tie box from one face of the drum to
the next is counted as one fall, and six falls occur with each revolution,
The speed of operation is aprroximately two revolutions per minute., Boxes
made of the three types of board, wit!: and without sleeves vere tested at
dry, wet, and moist conditicns. They were loaded with 24 1o, 2 cans
welghing a total of 54 to 55 pounds, Tre number of falls causing the first
1-inch score cut and first entire score to be cut were recorded, The tests
were continued until the contents spilled or until the box failed completely
and the contents were unusable.
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Table 1.--Schedule of tests

Kind of ¢ Direction : Condition 2/: Number of boxes tested
box 1/ : of test : tmem e e ———————————
: : ¢ With sleeves : Without sleeves
COMPRESSION
6-16 tTop to bottom ¢ Dry H 5 : 5
: $ Moist H 5 H 5
: H Wet ! 5 H 5
tEnd to end $ Dry : 5 : 5
: : Moist : 5 H 5}
: : Wet : 5 : 5
4-24 tTop to bottom Dry : 5 : 5
9 : 3 Moist : 5 H 5
: s Wet : 5 : 5
tEnd to end : Dry : 5 : 5
: : Hoist : 5 : 5
s : Wet : 5 : .5
V2s :Top to bottom : Dry H 4 : 4
: s Moist : = 2 4
: 3 Wet 3 4 $ 4
tEnd to end : Dry ¢ 4 : 4
H : Moist : 4 : 4
H : Wet : 4 2 4

Total number of tests = 516
1/ 6~16 = Boxes made of six-ply reclaimed fiberboard.
4-24 = Boxes made of four-ply reclaimed fiberboard.
2/ Dry = Boxes stored at 72° to 80° F, and 60 percent relative
humidity before testing. .
Moist = Boxes stored 16 days at 80° F. and 97 percent relative
humidity before testing.
Wet = Boxcs immersed in water for 24 hours before testing.

(Continued on next nage)
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Small drum tests to evaluate the protection afforded the contents
by the box were also conducted, The same testing conditions used in the
drum tests to failure were followed in these tests except in the number
of falls given each box. Here the boxes were given 10C falls in the small
drum, after which the cans were 1nspected and the amount of damage they
sustained was evaluated, ' Damage was scored according to the schedule used
by the Committee on Stapdardlwat on of Packages and Supplies of the Xmerican
Meat Institute (table 7). The amount of damage was computed as a percent -
of the maximum possible damage, which is 62 points per can or 1,488 points
per box of 24 cans,

30-inch cornerwise~drop tests.~-Drop tests were made by dropping
boxes cornerwise from a height ¢f 30 inches. A drop table consisting
of two leaves approximately 36 inches long and 18 inches wide hinged at
the edges and supported at the center by a post was used in these tests.
The box was placed in position in the center of the table with diagonally
opposite corners in a vertical line., The box was dropped by suddenly
removing the post support permitting the table to open in trapdoor fashion
and the box to fall and strike the floor in the predetermined position (fig,
8). Drops’were made on successive corners until the box failed. Definition
of failure was the same as described in small drum test. The same number
and kinds of boxes as were used for the small drum tests were tosted.

Tests of boxes to evaluate protection they afforded contents were
contiruéd until they hai sbsorbed approximately 1,000 foot pounds of work,
(The work absorbed by the box is the product of its gross.weight, in
pounds, and the sum of the heights of drop in feet.) The same method used
in evaluating demage to conténis of the drum tests was used in these tests,
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Table 1,--Schedule of tests (continued)

' ) : ' 3

Kind Cond;tion' Small drim : 30-inch drop
of ! e T

ROUGH-HAFDLING TESTS (20 EVALUATE DAMAGE 7O CONTENTS g/)

6~-16 : Dry ¢ 5 ¢ 5 $ 5 H 5
s Hoist H 5 - 5 i 5 : 5.
1 Vet : 5 : 5 § 5 § B
4~-24 3 Dry £ 5 : 5 : 5] ¢ 5
¢ Moist H 5 ! 5 H 5 3 5
T Wet 3 5 s 5 : 5 : 5
Vas : Dry : % H 4 : 4 : 4
% ! Moist ¢ 4 : 4 : 4 : 4
s Wet $ 4 : 4 ' 4 : 4
ROUGH=FANDLING TESTS (30XES TESTED TO FAILURE 4/)
6-16 : Dry : 5 : 8 H 5 H 5
¢ Moist : 5 : 5 $ 5 - 5
: Wet H 5 3 B z 5 - 5
4-24 ¢ Dry s 5 H 5 : 5 : S
s Hoist : 5 : 5 ! 5 : 5
: Vet - 5 ’ 5 : 5 ! 5
VZ2s : Dry : 5 : 5 : 5 : 5 |
1 Moist 3 5 : 5 - 5 : 5
t Vet E 5 : H 5 : 5

3] Boxes tested in drum were given 100 falls. Boxes drop tested were

given seven drops’ (apnroximately 1,000 foot pounds of work).
4/ Tested until contents spilled or box failed completely.

(Conéluded)
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Minor Tests

Bursting-strength and moisture absorption tests were made on 6-inch
by 10-inch samples cut from boxes of each group. Samples for moisture
absorption tests were weighed, soaked in water 24 hours, and reweighed.

The moisture absorpthion was computed as a percent of the original weight.
Samples were also checked for ply separation, Bursting~strength tests were
made on dry and wet samples. Amount of moisture absorbed by the closed
boxes at moist and wet conditions was also recorded.

Results of Tests

Compression Tests

Results of compression tests on empty boxes are given in tables
2 to 4 and illustrated in figures 3 to 6. Top-to-bottom maximum loads were
somewhat lower than end-to-end loads. The reason for this may have been
that in the top-to<~bottom tests the pressure was applied perpendicular to
the machine direction of the material whereas in the end-to-end tests it
was applied parallel to the machine direction., The average meximum load of
all tests was 861 pounds for the 6-16 boxes; 593 pounds for 4-24; and 668
pounds for V2s, There was a definite decrease in the maximum load from
the dry condition to the wet condition, the 6-16 and V2s boxes losing the
least. The average maximum loads were as follows in the order of dry,
moist, and wet conditions: 6-16 boxes 1,102 pounds, 802 pounds, and 678
pounds; 4-24 boxes, 1,051 pounds, 474 pounds, and 253 pounds; V2 boxes,
850 pounds, 664 pounds, and 491 pounds, Based on the dry values, the
percent of decrease in maximum loads of moist and wet boxes for the 6-16
group was 27 and 38 percent respectively; for 4-24 group, 55 and 76 percent;
and for V2s, 22 and 43 percent, Table 4 shows the loads recorded at various
degrees of compression (top~to-bottom or end~to—end) and moisture content
of box at time of test., Typical failures of boxes were, crushing of score
lines and corners followed by bulging of faces and buckling of vertical
edges and faces. . Boxes with sleeves showed no advantage in these tests.
Table 5 shows the moisture gain of the boxes given moist or wet treatment
for the compression tests,
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Table 2.--Average maximum load of all fiberboard
boxes in compression

Direction of : Average meximum load (all moisture
compression & conditions)
o ——— e e e 2 S ey e e T . o T W e G W e i o
t 6~16 boxes ¢ 4-24 boxes ¢ V2s boxes
E Pounds : Pounds : Pounds
Top-towbotbom 3 710 - 455 ¢+ 655
End-to~end g 1,011 5 732 : 681

Table 3,--Average maximum load of fiberboard boxes
tostod dry, moist, or wet, 1/ in

compression

Moisture : Average maximum load
condition and e T
direction of : 6-156 boxes ¢ 4-24 boxes : V2s boxes
compression 3 H :
: Pounds : Pounds : Pounds
Dry 3 s 5
Zop-to-bottom - : 9C6 H 747 } 844
End--to-end : 1,299 : 1,356 : 857
Moist ' : :
Top~to-bottom 715 s 392 : 697
End-to-end 5 888 H | 536 : 631
Vet ;
Top-te~bottom : 508 : |225 ¢ 425

End~to-end $ 845 H 1281 ¢ 557

1/ Prior to test dry boxes were stored at 80° F. - 60
percent relative humidity, moist at 80° F. - 97 percent
relative humidity, wet submersed in water 24 hours,
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Table S.--Average weight and moisture gain of boxes i/ tested in compres-

sion
Kind :Weight: Conditioning : Weight : Gain :Percent of
of : when : : after : in : original
box :closed: :conditioning: weight: weight
:Pounds; : Pounds : Pounds: Percent
6-16 with : 4,67 :None ' 5 -—— g e, X i
sleeve : 4.72 :Stored at &0° F. 97% :  4.39 : 0,18 : 104
: ~ : R.H. for 16 days 3 H 3
: U.67 :Submerged in water - 5.41 A 116
: : 24 hours : s :

6-16 without: 3.13 :None : ---
sleeve : 3.09 :Stored at &0° F. 97% : 3.25"
o B : R.H. for 16 days 3 P i
: 3,11 :Submerged in water  : 3.58 ;WU 115
: : 24 hours : :

.;6 ' 105

L-24 with & 4.08 : None j
sleeve : 4,07 :Stored at 80° F, 97% : L.65 : 58 : 114
i : R. H. 16 days 8 s

: 4,05 :Submerged in water g v5.55 : 1.50 : 137
: : 24 hours : . 1
4-2h without: 2.69 :None . L o A —

sleeve : 2.70 :Stored at &0° F. 97% : 2.97 : W27 ¢ 110
g : R.H. 16 days : 3 :

: 2,70 :Submerged in water : 3.45 : 75 128
: 24 hours : F H

s : 4.24% :None . t i L e S e
: 4.15 :Stored at 80° F. 97% : 4.b5 s W30 : 107
§ : R.H. 16 days : s g
: 4.18 :Submerged in water  : 5.24 : 496 ¢ 123

: 24 hours :
T2s without : 2.77 ;NOne ) ; o § e ; -
sleeve : 2,78 :Stored at 80° F. 97% : 2.94% 0 .16 : 106

: : R.H. 16 days s : s
: 2,77 :Submerged in water 3.4 S Y 124

: 2% hours

. - °
- » -

1/ Bach value is an average of 10 boxes tested in the 6-16 and 4-24
© groups and of & boxes in the V2s group.
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Rough-Eandling Tests to lieasure
Protection Afforded Sontents

There was very little difference between the three groups as to
protection afforded contents. The greatest difference was between the
4-24 and V2s grade boxes, without sleeves, tested in the small &um., This
difference was 3 percent with the V2s boxes having the advantage. Average
percent of poss sible damage to contents of all boxes tested, was as follows:?

Table 5,-~Percent of possible damage to box
contents occurring in rough-—
handling tests

@ oo

Reinforcement ! 424 6-186 ¢ V&s
SIIATL DRUM

! With sleceve and : 12,7 : 12.7 ! 13.2
one girth strap ¢ : :

Without slecves; : 16.7 : 16,2 ¢ 13.7
two straps at : H :
rigit argles $ 2 H

COR¥ERWISE DROP

With sleeve and : 20.8 : 20,6 : 2L.1
one girth strap ! : :

Without sleeves; 22.0 22.9 22.1

se se se
&e ms aw

two straps at :
right angles :

Bach value is the average of boxes tested
at all conditions (dry, moist, and wet).

Typical condition of boxes and contents after the drum and cornerwvise-

drop tests is shown in figures 9 and 10. Contents in boxes subjected to

the corperwlse—dron test until they had absorbed 1,000 foot—pounds of work
were damaged more than those in boxes given 100 falls in the revolving drum,
The difference was 7.4 percent. Boxes with sleeves also afforded a -

little more protection to contents than boxes without sleeves. This
amounted to 3.0 nercent in the drum tests and 1.5 percent in the drop

tests. The schedule used in scoring damage to cans is shown in table

7. Average results for each kind of test and moisture condition are

given in table 8,
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Teble 7.--CEHWamege §CUTFitnersertiile

Type of ¢ Degree of iDamage score
damage : demage ¢ points
Disturbed seams ¢ Light : 6
¢ Hedium : 8
¢ Heawvy 4 10
Seam jams ¢+ Light : 6
: "ledium ¢ 8
¢ Eeavy : 10
Seam dents : Lizht : 5
i ¢ liedium : 8
4 + Heavy : 10
Ends sprung : !Light : 6
! Heavy ¢ -, 30
Ends buckled + Light s 6
: Leavy : 8
Ends bulged ¢ Heavy $ 10
Body dents ¢+ Light H 1
v Medium s 2
: Heavy g 4

Rough-Handling Tests to Failure

Small drum tests.--Results of tests in the small drum showed the
V2s grade boxes to be better than: the 6-16 and 4-24 boxes when tested
in the ‘dry (fig. 11) and moist conditions. Both the 6-16 and 4-24 boxes
were better than the V2s when tested after submersion in water for 24
hours (fig, 12). The addition of a sleeve proved to be more advantageous
to the V2s than to the 6«16 -and 4~24 boxes. This probably was. due to .
the high grade of material in the sleeves used on the V2s grade boxes:
bursting-strength tests showéd this material fo be of Vls grade.

The average number of falls to cause contents to spill from a
box in each of the three groups was as follows: Boxes without sleeves,
4-24 group, 770 falls; 6-16 group, 958 falls; and V2s group, 1,003 falls.
Boxes with sleeves, 909, 1,072, and 1,640 falls for the 4-24, 6-16, and

Mimeo No, RB1470 ’ e
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Table 9.--Average results

1/ of small drum tests

Condition:Moisture-

Kind of tWeight of: Number of falls to cause——
box i of box :content :box and -—~——m—msmeemmmmeme e
: 1of board :contents :First :Cne score : Spilling of
: 5 ’ tscore icut entire: contents
: 5 $ ¢ cut : length :
: tPercent : Pounds ¢ i
4-24 : Dry 7.8 : 57.00 : 100 : 492 736
(Without : Moist ¢ 17.0 57,24 : 214 : 1,118 : 1,286
sleeve) 1 Wet : 29,1 : 57.86 : 72 & 240 : 289
6-16 : Dry t 7.4 1+ B7.40 165 @ 758 ¢ 1,007
(Without : Moist : 10.6 : 57.60 : 567 ¢ 1,323 ¢ 1,491
sleeve) ::Wet : 18.5 & 58,00 ¢ 115 267 ¢ 376
V2s : Dry t 9.6 : 57,14 ¢ 427 877 + 1,191
(vithout : Moist ¢ 11,1 ¢ 57,25 : 651 ¢ 1,297 1,615
sleeve) : Wet : 22,6 : 58,22 : 47 131 202
4-24 ¢ Dry T 7.8 58,42 : 176 541 798
(With : Moist : 19.8 : 59,03 : 387 : 926 ¢ 1,543
sleeve) : Vet : 35,0 : 59,55 1 111 259 387
6-16 : Dry t 7.6 : B8,95 : 302 771 ¢ 1,139
(With ¢ Moist : 9.7 ¢ 59,18 439 : 1,03 ¢ 1,529
sleeve 1t Vet : 20.6 ¢ 59,70 : 181 457 549
Vas : Dry t 9.5 : 58,48 :456 : 1,519 : 1,980
(With : Moist : 10.6 .: 58,62 : 631 : 1,639 ¢ 2,873
et 23,3 + 59,45 65 ¢ 202 % 366

sleeve) 1

b 4

1/ Bach value is

Mimeoe. No.

R1470

the average

of five

boxes tested,



V2s rroups respectively, Boxes tested wet failed at a much smaller
number of falls as compared to those tested dry in all groups; whereas
the boxes, tested in the moist condition failed at a considerably larger
number of falls as compared to those tested dry. The percent of decrease
in number of falls from dry to wet boxes was as follows: 4-24 boxes 57
percent, 6-16 boxes 57 percent, V2s boxes 82 percent; whereas the in-
crease from the dry to the moist condition was 84 percent for 4-24 boxes,
41 percent for the 6-16, and 33 percent for the Ves.

Teble 9 gives results of boxes tested to failure in the small
drum. The predominating failure of all boxes tested in the drum was cuts
at horizontal score lines. Contents usually spilled when cuts at two or
more of the edges, perpendicular and adjacent to each other, extended the
entire length. The 6-16 and 4-24 boxes received more punctures than the
VZ2s boxes tested in the dry condition; however, the dry V2s boxes aver-
aged about 2 percent greater moisture content than the other groups
(table 9). Seventeen of the twenty boxes tested in the 4-24 and 6-16
groups had one or more faces pierced. Only 2 of the 10 V2s boxes tested
dry were punctured. Three of the boxes tested in moist and wet condi=~
tions were punctured, but only after several hundred falls, No difficulty
was experienced with either the glued or stapled flaps of the boxes
pulling loose.

Cornerwise-drop test.~-The results of the cornerwise-drop tests
showed, as did the drum tests, that the V2s grade boxes were somewhat
better than those of reclaimed fiberboard when tested in the dry condi-
tion (fig. 12) and the moist condition. The reclaimed fiberboard boxes
showed to better advantage than the V2s boxes when tested after 24-hour
submersion in water (fig. 14). The average number of drops to cause
contents to spill is shown below. The results are for boxes tested with
and without sleeves.

Table 10.--Average number of drops to
cause spilling of contents of
boxes with and without sleeves

4<24 boxes 3 6=16 boxes : V2s boxes

Condition :

__________ it B R R 4 A B 0
Dry 22 42 48

Moist $ 43 : 49 : 59

Wet 3 26 5 30 y 17

Mimeo. No. R1470 -8~



The average number of Grops to cause spilling of contents in all tests

was 30 drops for tle £~2& group, 40 drops for the 6-~16 group, and 41 drops
for the V2s group., Except for badly crushed corners, the failures in
these bozes were practically the same as for those tested in the small
drum. Detailed results are shown in table 11.

Minor tests.--Tables 12 and 13 show the results of bursting-
strength and moisture absorption tests of fiberboard samples cut from
the boxes and slecves.  The 4-24 boxes averaged 506 points dry and 453
wet; the sleeves averaged 527 points dry and 466 points wet; 6-16 boxes,
601:points dry and 557 points wet; sleeves 643 points dry and 579
points wet, The V2s bexes averaged 675 points dry and 568 points wet;
the sleeves 897 points dry and 715 points wet. Results of the moisture-
absorption tests are given in table 13. No ply separation was shown in
any of the threc types of board. All wet samples were submerged in
water 24 hours, ’ '

In the compression tests the 6-16 boxes of reclaimed material
were found to he superior to the other types tested under all conditions.
The average maximum lead for this tyre was 861 pounds as compared to
593 pounds for the 4-24, and 638 noutds for the V2s boxes,

In the rough~handling tests the two types of box made of re-
claimed material were shown to be better than the V2s when tested wet.
When rough-handled in the dry and moist conditions the V2s boxes showed
somewhat better results than the boxes of reclaimed material. The three
groups were approximately equal in protcction given to conténts.

Mimeo R1470 o




Table ll.-~Average results l/ of 30-inch cornerwise-drop tests

Kind of ;Condition:Moisture:Weight of:Number of drops to cause--
box s of box :contentt: box and t=m-ceccrcmercmrecccecaaeea

sof board: contents:;First:0One score :Spilling

:score:cut entire: of

s+ cut : length

-y o e T o o > e o o ) o Y v G e S 00 P S o v ov o am o f A Em e P 55 Ow W B e s v S @S e

.
.

e o9 e e
.
.

WITHOUT SLEEVES

4-24 s Dry : 7.8 : B7.,06 : 2 14 : 20
s Moist : 19,5 ¢ 57,53 : 4 : 20 s 26
: Wet. t 29,1 : 58,00 : 4 : 11 s 14
6-16 : Dry : T¢6. ¢ 57.38 : 6 22 : 45
: Moist : 11,0 : b57.44 : 9 : 23 3 43
: Vet : 20,4 : 58,60 : 5 15 : 28
V2s ¢ Dry ¢ 8e8 ¢ 57435 : 8 28 i 40
: Moist 1 11.8 ¢ 57.29 : 15 42 ' 56
t et : 23,6 3 57.91 : 4 11 : 15
WITH SLEEVES
4-24 ¢ Dry H 7.0 3+ 658.42 : 6 3 20 : 23
s Moist + 18,6 : 58.78 : 16 40 3 60
¢ Wet i 3662 : 59,49 : 12 33 : 39
€-16 ¢ Dry ° & 7.5 : 59,08 ;15 : 33 3 39
; Moist g 10:2 : 5927 : 25 46 $ 55
: Wet ¢ 21ls2 : 59,75 : 10 31 3 33
V2s : Dry : 8,9 : 58,48 : 18 44 : 56
: Moist 3 11.2 ¢ b59.16 : 21 : 61 : 63
1 Wet t 24,2 : 59,90 : T 15 : 19

1/ EBach value is the average of five boxes tested.
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Table 12.--Results of bursting-strength tests 1/

Box :Condition 2/:Number : Bursting strength
: s of 8 e e e
: ttests ¢ High : Low  :Average
K : v Points : Points : Points
4-24 i Dry t 24 : 550 : 450 : 506
s Wet ¢ 25 2 490 ¢ 410 453
6-16 : Dry : 24 : 680 : 540 : 601
: Wet : 25 '+ 670 : 490 : 587
Ves : Dry : 24 : 83 ¢ 540 : 675
g : Wet s 24 690 3 460 : 568
Sleeve
4-24 ¢ Dry v 24 . 530 490 2 527
: Wet : 25 ¢+ 510 ¢ 400 : 466
6-16 ¢t Dry ¢ 16 : 700 ¢ 600 : 643
¢ Wet :+ 25 t 650 @ 500 579
Vas : Dry : 24 : 1,000 : 810 ; 897
¢ Vet : 24 ¢ 810 3 610 : 715

1/ Tests made on model A Jumbo Mullen Tester,

2/ Dry - specimens stored at 80° F, 60 percent
relative humidity; wet - specimens submersed in
water 24 hours, ‘

Mimeos No. RILTO




Tebie 13.--Results of moisture gain test (fibverboard soaked
24 hours in water at 70° F,)

Tyne of container : HMoisture gain, percent of original 1/ weight

48 e oo oo se

board —~—— = s e e i o T e s e T
Individual test results : Average
t et B i e & &
S : Porcemt : Percemt ¢ Percent, : Percemt ¢ Percent
4-24 (box) ¢ 28,7 : 27.4 : 26.8 : 28,4 : 27.8
4-24 (sleeve) : 28,2 : 2.9 ¢+ 31,6 : 27.5 : 28.8
~ 6-16 (box) ¢ 18,7 : 18,0 ¢+ 17.9 : 18,2 : 18.2
6-16 (sleeve) ¢ 187 : 18.2 : 17.5 : 17.6 : 18,0
V2s (box) t 42,3 : 38.0 ¢ 36.4 : 40.6 : 39.4
TZs (sleeve) T 43,3 3 44,6 ¢+ 45,4 ¢ 50,0 ¢ 45.8

;/ Snecimens conditioned at about 80° F. and 60 nercert relative
humidity nrior to test.
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The boxes of the three groups sustained the greateét comp?ession
loads when tested in a dry condition. They offered greatest resistance
to rough handling when tested in a moist condition. '

Typical failures in the compression tests were crusiing of score
lines and corners followed by bulging and buckling of vertical edges and
faces. In the rough-handling tests typical failures were cuts at the
horizontal score lines.

The results of these tests point to the possibility of manufactur-
ing satisfactory container board with a much smaller percent of kraft and
entirely without virgin kraft. The test results indicate that the 6-16
boxes of reclaimed material compared favorably with V2s boxes. Performance
of this wet-strengthened board under wet conditions suggestis that it
would have certain advantages over the V2s board for overseas shipmeni, .
The test results suggest also that urea formaldehyde as a vet-strengthening
agent added to commercial V-board furnish might improve the performance
of V-board boxes when wet,

B

APPENDIX

Description of Boxes Tested

Kind of fiberboard -- 4-24 reclaimed material, 6-16 reclaimed material,
V2s grade material. s s

Caliper =- 6~16, 0,110 inch; 4-24, 0.098 inch; V2s, 0.100 inch. ..
Type of boxes —- Regular slotted.
Machine direction =— horizont=l,

Inside dimensions -~ Length 13-3/4 inches; vidth 10-3/8 inches; depth:
9-1/4 inches.

Scores = width =— Vertical - inside 1/4 inch, outside 5/8 inch.,
Eorizontal — irside 1/4 inch, outside 3/4 inch.,

Body joint — Overlawm, 1-1/2 inches., Seven staples spaced 1-1/2 inches |
a‘parto :

Flap closure =« Bottom -~ 20 metal staples; top — watcr-resistant glue.
Kind of adhesive —— Resin, pclyvinyl chloride acetate type.

Time allowed to dry -- 24 hours,

Kind of contents —- 24 X¥o. 2 cans.

Weight of contents —— Apnroxinmately 54,0 pounds.

Mimeo ¥Wo, R1470 =10




Figure 1 (Top).--Boxes from each group with sleeves as they appeared, ready
for rough-handiing test. At left is a 4-24 box; at center a 6-16, and at
right a V2s grade box.

Figure 2 (Bottom).--Boxes from each group without sleeves as they appeared,
ready for rough-handling test. At left is a 4-24 box; at center a 6-16;
and at right a V2s grade box.
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Figure 3 (Top).--Typical failures of 6-16 reclaimed fiberboard boxes,
without sleeves, after top-to-bottom compression test. Both boxes
were tested dry. Box at left, showing top flaps, withstood a maxi-
mum load of 990 pounds at a compression of 0.96 inch. Box at right,
showing bottom flaps withstood a maximum load of 942 pounds at a
compression of 0.88 inch. The same type of box tested wet showed
similar failures.

Figure 4 (Bottom).--Typical failures of 6-16 reclaimed fiberboard
boxes, without sleeves, after end-to-end compression test. These
boxes were tested immediately after 24 hours submersion in water.
Failures of all fiberboard boxes are practically the same, whether
tested dry, moist, or after submersion in water. Box at left, show-
‘ing stapled flaps, withstood a maximum load of 955 pounds at a com-
pression of 1.14 inches. Box at right, showing glued flaps, with-
stood a load of 910 pounds at a compression of 1.18 inches.

Z M 59391 F




Figure 5 (Top).--Typical failures of V2s grade fiberboard boxes, with
and without sleeve, after top-to-bottom compression test. Both boxes
were tested dry. Box at left, without sleeve, withstood a maximum
load of 858 pounds at a compression of 0.74 inch. The box on the
right, with sleeve, withstood a maximum load of 896 pounds at a com-
pression of 1.11 inches.

Figure 6 (Bottom).--Typical failures of V2s grade fiberboard boxes, with
and without sleeve, after end-to-end compression test. Both boxes
were testgd dry, and withstood a maximum load at a compression of 1.08
inches. The addition of sleeves to the boxes did not appear to in-
crease the compressive strength.
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Figure 7 (Top).--Small 7-foot revolving hexagonal drum showing baf-
fles and guides on one face of the drum and container being
tested. (Boxes discussed in this report not shown.)

Figure 8 (Bottom).--Thirty-inch drop-cornerwise test. The container
is placed cornerwise on the drop table and the post support for
the two tables leaves is jerked out. The container falls through
to the metal plate on the selected corner. The plumb bob assists
the operator in placing the diagonally opposite corners in a
-vertical line.
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Figure 9 (Top).--These boxes, without sleeves, were tested to measure
brotection to contents. Box at left received 7 drops- from a height
of 30 inches, (equivalent to 1,000 foot-pounds of work) and the box
at right received 100 falls in the revolving box testing drun.
Neithér box had any failures. The addition of sleeves provided
somewhat better protection.

Figure 10 (Bottom).--Condition of contents after tests to measure pro-
tection afforded by boxes, without sleeves. The cans on the left
were taken from a box which had been given 100 falls in the drum,
while the cans on the right are from a box whieh had been given 7
cornerwise drops from a height of 30 inches. The damage to cans in
the boxes that were drop tested was somewhat greater than to those
in the containers tested in the drum. Cans in boxes tested with
sleeves received slightly less damage.
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Figure 11 (Top).-nypical condition of reclaimed and V2s grade fiberboard
boxes, with sleeves, after drum test to failure. The 4-24 box on the
left required 759 falls to spill contents; the 6-16 box in the center

required 1,059 falls; and the V2s grade box on the right, 1,851 falls.
These containers were tested dry.

Figure 12 (Bottom).--Typical condition of reclaimed and V2s grade fiber-
board boxes, without sleeves, after drum tggt to failure following 24-
hour submersion in water. The 4-24 box on the left required 306 falls
to spill contents; the 6-16 box in the center required 322 falls; while
the V2s grade box on the right took 187 falls.
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Figure 13 (Top).--Typical condition of reclaimed and V2s grade fiberboard
boxes, without sleeves, after 30-inch cornerwise-drop test to failure. The
4-24 box on the left required 23 drops to spill contents; the 6-16 box in

the center required 45 drops; and the V2s grade box on the right, 39 drops.
These boxes were tested dry.

Figure 14 (Bottom).--Failures of reclaimed and V2s grade fiberboard boxes,
with sleeves, after being subjected to the 30-inch cornerwise drop test.
The 4-24 box at left received 34 drops; 6-16 box in center received 35
drops; and V2s box at right received 18 drops. Contents spilled from all
of these boxes which Had been submerged in water for 24 hours prior to test.
Boxes tested in the drum, under the same conditions, show similar failures.
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