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Abstract Several C-flute single-wall regular slotted cubical corrugated boxes with dimensions from
12X12X12 to 22X22X22 were modified at the four corners with corner offsets from 1 inch to 8 inches
to form diagonal (or “two-angle”) corners. They were conditioned at the standard test condition of 73
°F and 50% RH. The optimum corner offset varied from 22% of box dimension to 26% with an
average of 24%. The maximum compression strength increased from the regular corner
configuration from 23% to 62%, with an average of 44%. In addition, an average of 14% saving on
material at optimum corner offset.
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1. Introduction

About 2/3 (or 67%) of compression strength of a typical regular slotted container (RSC) comes from
the four vertical corners [1]. In a previous study [2], regular box corners were pushed inward to form
a three-angle configuration instead of the normal one-angle configuration. This resulted in a
significant increase in compression strength. However, the three-angle configuration is not practical.
A two-angle (diagonal) corner [3, 4] is more common and more practical, as shown in Figure 1.
Figure 2 shows various box corner configurations mentioned in this article. A preliminary study of
two-angle corner (or diagonal corner) configuration for 16X12X12 boxes [5] showed that the
compression strength increased up to a corner offset, then dropped as shown in Figure 3. The
objective of this study was to determine an optimum corner offset for C-flute single-wall cubical
corrugated boxes.
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Figure 1: Examples of Two-Angle Corner (or Diagonal Corner) Boxes
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Figure 2: Various Box Corner Configurations
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Figure 3: Box Compression Strength vs Corner Offset: 16X12X12 Box [5]
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2. Materials and Methods

C-flute single-wall cubical corrugated boxes were used in this study. Cubical boxes were selected to
simplify box dimension representation to one single number instead of three. The following box sizes
were used in this study: 12X12X12, 14X14X14, 16X16X16, 18X18X18, 20X20X20, and 22X22X22
with corner offsets from 1 inch to 8 inches. Average Edge Crush Test (ECT) and Mullen Burst Test
of these boxes were 24 Ib/in and 203 psi, respectively.

These boxes were acquired from the same vendor to ensure consistency, even though it was not
guaranteed. Top and bottom flaps were removed. The glue joint was slit open. Boxes were then
reconfigured. Paper and binder clips were used to hold corner angels as shown in Figure 4. It should
be noted that paper clips were placed on the exterior side of the box, thus they did not show up in
Figure 4. The same was done to the regular corner boxes to maintain consistency. Three boxes
were compressed for each box size with a corner offset after conditioning in an environmental
chamber at 73°F and 50% RH for at least 12 hours. Their average maximum compression strength
was used to represent the case.

Due to its size, the 24X24X24 boxes were conditioned in the laboratory ambient temperature and
humidity, which were not exactly 73°F and 50% RH. A humidity adjustment factor equation from a
previous study [6] was used to make an appropriate adjustment to its compression strength. The
laboratory ambient temperature was very close to 73 °F , thus no adjustment was necessary.

Figure 4: Reconfigured Two-Angle (Diagonal) Corner
3. Data & Results

Compression test results are summarized in Table 1 and plotted in Figure 5. The optimum corner
offset for each case was found by setting the derivative of its trendline equation to zero. The peak
increase in compression strength was then determined at this optimum offset. Table 2 summarizes
optimum corner offsets and their corresponding peak compression strength increases. Optimum
offsets were plotted against box dimensions in Figure 6, while peak strength at optimum offsets
plotted against box dimension in Figure 7. A diagonal or two-angle corner also resulted in material
saving as shown in Table 3.
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Table 1: Box Compression Strength

Box Size Corne_r Offset Pmax 1 Pmax 2 Pmax 3 Pmax avg % Increase from
(in) (Ib) (Ib) (Ib) (Ib) Regular Corner
0 458 436 414 436 0
1 447 542 470 486 12
12X12X12 2 459 545 593 532 22
3 572 574 450 532 22
4 489 523 571 528 21
5) 455 502 456 471 8
0 468 432 455 452 0
1 543 543 573 553 22
2 632 644 525 600 33
14X14X14 3 665 631 606 634 40
4 736 611 626 658 46
5 596 603 604 601 33
6 590 560 546 565 25
0 602 632 673 636 0
1 704 783 726 738 16
2 706 781 963 817 28
16X16X16 3 766 875 1075 905 42
4 831 929 1089 950 49
5) 928 961 838 909 43
6 762 892 807 820 29
0 422 432 425 426 0
1 559 475 498 511 20
2 636 616 647 633 48
18X18X18 3 638 671 698 669 57
4 679 703 735 706 66
5 645 634 716 665 56
6 631 650 600 627 47
0 446 481 417 448 0
1 496 476 508 493 10
2 595 585 495 558 25
3 620 757 625 667 49
20X20X20 4 667 682 722 690 54
5) 717 569 672 653 46
6 723 730 711 721 61
7 628 703 630 654 46
8 701 595 544 613 37
0 834 717 705 752 0
2 718 912 966 865 15
3 980 931 956 956 27
29X29X22 4 1093 1089 1084 1089 45
5 1230 1016 1072 1106 47
6 917 1004 1114 1012 35
7 1005 1040 989 1011 34
8 971 930 1001 967 29
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Figure 5: Effect of Corner Offset to Box Compression Strength
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Table 2: Optimum Corner Offsets & Corresponding Peak Compression Strength Increases

Optimum Offset (in) ~ Strength Increase

Box Size . . ’ Offset/Size
. Trendline Equation dy _ at Optimum Offset .
(in) from ( o 0) (%) Ratio
12 y = -2.9259x% + 16.443x 281 23.10 0.23
14 y= -3.2786x% + 23.67x 3.61 42.72 0.26
16 y = -2.8419x% + 22.422x 3.96 44.23 0.25
18 y = -3.7731x% + 30.503x 4.04 61.65 0.22
20 y = -1.883%° + 19.971x 5.30 52.95 0.26
22 y = -1.4021x* + 14.873x 5.30 39.44 0.24

AVG = 44.02 0.24
Optimum Corner Offset for Cubical Box
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Figure 6: Optimum Corner Offset Equation
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Figure 7: Peak Strength Increase Equation
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Table 3: Saving of Diagonal (Two-Angle) Corner Configuration

Side Length ~ Corner Offset ~ Total Wall Length Saving

Box Size (in) (in) (in) %)
12 0 48.00 0
12 2 43.31 10
12 2.81 41.42 14
12X12X12
12 4 38.63 20
12 6 33.94 29
12 8 29.25 39
14 0 56.00 0
14 2 51.31 8
14 3.61 47 .54 15
14X14X14
14 4 46.63 17
14 6 41.94 25
14 8 37.25 33
16 0 64.00
16 2 59.31 7
16 3.96 54.72 14
16X16X16
16 4 54.63 15
16 6 49.94 22
16 8 45.25 29
18 0 72.00
18 2 67.31 7
18 4 62.63 13
18X18X18
18 4.04 62.53 13
18 6 57.94 20
18 8 53.25 26
20 0 80.00
20 2 75.31 6
20 4 70.63 12
20X20X20
20 5.30 67.58 16
20 6 65.94 18
20 8 61.25 23
22 0 88.00
22 2 83.31 5
22 4 78.63 11
22X22X22
22 5.30 75.58 14
22 6 73.94 16
22 8 69.25 21

International Journal of Advanced Packaging Technology



IJAPT— An Open Access Journal (ISSN 2349-6665)

4. Discussion & Conclusion

The goal of this study was to determine the optimum corner offset, i.e., an offset that yielded the
highest compression strength. The optimum corner offset can be found from the following equation
(Figure 6):

y = 0.2705x — 0.384 .... Egn. (1)
where y = optimum corner offset (inches) and x = box size or dimension (inches).

Table 2 shows the ratio of Corner Offset over Box Size has a range of 0.23 to 0.26 with an average
value of 0.24. Thus, a rough estimate of optimum corner offset is about 25% or ¥ of the box
dimension. This is a significant corner offset since the total offset of a side wall is 50% of the wall
length, i.e., offsets at both ends of a side wall. However, this is not uncommon and is similar to the
octagonal box shown on the right in Figure 1.

To test if Equation 1 above would be applicable to non-cubical boxes, the derivative of trendline
equation for 16X12X12 box shown in Figure 3 was set to zero. This resulted in the optimum corner
offset of 2.06 inches. Depending of which side is used to represent box dimension in Equation 1, the
error from Equation 1 is either 39% or 91% with an average error of 65%. Thus, Equation 1 is not
applicable to non-cubical boxes. Determining optimum corner offset for non-cubical boxes would be
a good future study.

Table 4: Error of Applying Optimum Corner Offset to Non-Cubical Boxes

Actual Optimum Optimum Corner

Box Corner Offset Box Dlmens.|0n Used in Offset from Eqgn.1 E(r)ror
(inches) Ean. 1 (inches) (inches) (%)
Long Side = 16 3.94 91
16X12X12 2.06 Short Side = 12 2.86 39
Average = (16+12)/2 = 14 3.40 65

Strength increase at optimum corner offset can be determined from the trendline equation shown in
Figure 7.

y =-0.9218x° + 33.197x — 243.16 .... Eqn. (2)

where y = % increase in compression strength from regular box corner configuration or 0-inch corner
offset, and x = box dimension (inches). The strength-increase peaked at about 18” box dimension
and dropped afterward. Since these were cubical boxes, box height increased with its base
dimension. When the height increased, so did the wall slenderness ratio. This caused buckling
failure. Modified corners did not help in taller boxes as much as they did for shorter boxes. This
would also be a good future study.

Besides the increase in compression strength, diagonal (two-angle) corner configuration also uses
less material as shown in Table 3. The larger the corner offset used, the more saving is obtained.
However, the usable volume of the box is reduced as the material saving increases. Thus, a balance
must be made on corner offset between practicality and strength. As mentioned in a previous work
[5], the manufacturing cost for diagonal corner boxes might override the benefit of the compression
strength gained and stacking misalignment could create some issues when flaps are used.
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