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Abstract In this study, 5x5x12 single-wall RSC corrugated boxes were strengthened to increase
their compression strength using four different methods; horizontal brace, diagonal brace, L-shape
corner post, and triangular corner stiffener. All braces are of 2-inch width.

1 Horizontal Brace: Compression strength increased by 9% when the unsupported box
height was reduced from 12 inches to 3 inches.

9 Diagonal Brace: Compression strength increased by 8% and 14% for single and double
braces, respectively.

1 L-Shape Corner Post: Compression strength increased by 29% and 38% for exterior and
interior posts, respectively.

1 Triangular Corner Stiffener: Compression strength increased by 36% when the stiffener
depth increased from 0 inch to 9 inches.

The interior corner post method was the most effective and most practical.

Keywords Compression Strength; Corrugated Box; Horizontal Brace; Diagonal Brace; Corner Post;
Corner Stiffener

1. Introduction
The compression strength of corrugated boxes can be increased by using different methods,

including diagonal corner [1] and corner post/stiffener [2]. In this study, four additional methods to
increase corrugate box compression strength were explored.
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1 Horizontal Brace: This method was inspired by the belt of power lifters. A previous study [3]
also showed that increasing in lateral force to a pack of drinking-water bottles increased the
vertical compression strength of the pack.

1 Diagonal Brace: This method was modeled after diagonal single and double braces found in
building structures [4].

1 L-Shape Corner Post & Triangular Corner Stiffener: About 2/3 of box compression strength
is attributed to the strength of its four corners. Thus, strengthening box corners increases
overall box strength.

L-Shape Corner Post &

Horizontal Brace Diagonal Brace ; :
g Triangular Corner Stiffener

Figure 1: Concepts Utilized in This Study to Increase Compression Strength of Corrugated Box
2. Materials and Methods

C-flute single-wall 5x5x12 corrugated boxes were used in this study. All braces and stiffeners were
of 2-inch width of the same corrugated fiberboard. All samples were conditioned at standard test
environment of 73°F and 50% RH. Five samples were crushed to failure for each case and an
average strength was used to represent the case. The four methods for enhancing compression
strength of the 5x5x12 box are shown in Figure 2.

L-Shape Corner Post Triangular Corner Stiffener

Figure 2: Four Methods of Enhancing Box Compression Strength
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3. Data & Results
Horizontal Brace

Corrugated strips with a two-inch width were used as horizontal braces as shown in Figure 3.
Approximate unsupported lengths shown in the figure were used to represent the four cases. Five
specimens of each case were crushed with results summarized in Table 1. The sample figures
shown below in Figure 3 were computed based on compression strengths obtained from the
trendline equation shown in Figure 4. More horizontal braces reduce the unsupported lengths, thus
increase box compression strengths.

Figure 3: Approximate Unsupported Length Due to Horizontal Braces

Table 1: Horizontal Brace Box Compression Strength

Horizon Brace

Box Unsupported Maximum Load (Ib) . %
Size Length (in) 1 2 3 4 5 Avg Trendl.me Increase
Equation
364 377 374 404 410 386 392 9
5x5x12 382 394 385 386 421 394 388 8
357 396 413 386 363 383 381 6
12 322 406 362 362 335 357 359 0
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Figure 4: Box Compression Strength vs Approximate Unsupported Length
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Diagonal Brace

Corrugated strips with a two-inch width were used as single-diagonal and cross-diagonal braces as
shown in Figure 5. Five specimens of each case were crushed with results summarized in Table 2.
As expected, the cross-brace case yielded higher compression strength. In both cases, braces had
to be extended to fit the corners in order to transfer load from the top of the box and through the
braces as shown in Figure 6.

Figure 5: Single and Cross Diagonal Braces.

Table 2: Diagonal Brace Box Compression Strength

Diagonal Brace

) Maximum Load (Ib)
Box Size Brace % Increase
1 2 3 4 5 Avg
None 322 406 362 362 335 357
5x5x12 Single 426 367 374 390 367 385
Double 403 424 394 389 436 409 14
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Figure 6: Corner-Fitting Brace (Left) vs Corner-Unfitting Brace (Right)
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L-Shape Corner Post

Corrugated strips with a two-inch width were used as an L-shape post as shown in Figure 7. Five
specimens of each case were crushed with results summarized in Table 3. The interior-post case
yielded greater strength.

Figure 7: L-Shape Corner Post: Exterior (Left) and Interior (Right)

Table 3: L-Shape Corner Post Box Compression Strength

L-Shape Corner Post

) ) Maximum Load (Ib)
Box Size Stiffener % Increase
1 2 3 4 5 Avg
None 322 406 362 362 335 357 0
5x5x12 Exterior 433 460 455 497 452 459 29
Interior 440 463 482 544 532 492 38

Triangular Corner Stiffener

Two-inch wide corrugated strips were used to create 1”x1” triangular corner stiffeners with various
depths as shown in Figure 8. Five specimens of each case were crushed with results summarized in
Table 4. The deeper the stiffener, the higher the box compression strength as shown in Figure 9.
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Figure 8: Triangular Corner Stiffeners with Various Depths

Table 4: Triangular Corner Stiffener Box Compression Strength

Triangular Corner Stiffener

S Comer | Depth Maximum Load (Ib) e %
Stiffener (in) 1 2 3 4 5 Avg ) Increase
Equation
None 0 322 406 362 362 335 357 368 0
1x1x1 1 455 367 379 405 411 403 390 6
1x1x2 2 426 400 391 409 416 408 409 11
5x5x12 1x1x3 3 470 448 451 344 447 432 428 16
1x1x5 5 419 482 443 470 442 451 458 25
1xAx7 7 451 474 460 537 478 480 482 31
1x1x9 9 471 522 539 529 450 502 499 36
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Figure 9: Effect of Triangular Corner Stiffener Depth to the Box Compression Strength
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4. Discussion & Conclusion

Four different methods to increase corrugated box compression strength were explored. The
following conclusions can be made:

il

More horizontal braces reduce unsupported length (height) of the box, thus gaining more
compression strength. However, these braces increased the compression strength only by
9% when the box’s unsupported height was reduced from 12 inches to 3 inches as shown in
this study. It becomes impractical when more braces are used. It would be more practical to
use double-wall or triple-wall corrugated boxes than adding more horizontal braces.

Cross braces result in higher compression strength than single diagonal braces. However,
compression strength in this study only increased by 14% with double braces. Braces also
alter the exterior appearance of the box, which may or may not be desirable.

Placing L-shape corner posts inside the box yields higher compression strength than placing
them on the exterior. These posts increased the box strength by 38%. Since they are placed
in the interior side of corners, they do not change the exterior look of the box. Although,
interior space would be reduced somewhat. However, the space taken would typically be
used by cushioning materials anyway.

The deeper the triangular corner stiffeners, the better the box compression strengths. To
gain a 36% increase in compression strength, the stiffener depth had to go down % of the
box height. When the depth is more than ¥z of the box height, the stiffeners from the top and
bottom cross over. In addition, placing triangular corner stiffeners would be more difficult
than placing L-shape corner posts.

The most practical and most effective method is to place four L-shape corner stiffeners inside the
four corners. This is similar to corner posts used to carry heavy loads discussed in a previous study

[2].
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