

















Table 1. Vent Hole Dimensions.

Area Removed*

Vent Hole Dimensions - cm and (Quantity per Side)

% cm? Design 1(2x) Design 2(3x) Design 3(2x) Design 4(4x) Design 5(4x)
10 129 3.2*%20.3 R = 3.70 3.2*20.3 1.6*20.3 R=3.2
20 258 6.4%20.3 R=15.23 6.4*20.3 3.2*20.3 R=45
30 387 9.5*%20.3 R = 6.41 9.5*20.3 4.8*20.3 R=5.6
40 516 12.7*20.3 R = 7.40 12.7*20.3 6.4*20.3 R=64
50 645 15.9*20.3 R =8.27 15.9*20.3 7.9%20.3 R=72

*Area removed reflects the total surface area cut out of the vertical faces for the vent holes.
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3.0 RESULTS & DISCUSSION
3.1 Hand Holes

Table 2 shows the means and standard deviations for the compression
testing results for the twelve different hand hole locations as compared
to the relative values for control samples. The mean and standard devia-
tions for controls (no material removed from vertical faces) were: peak
compression force of 2587 and 60 N and peak deflection of 0.49 and
0.02 cm respectively. Five samples were tested for each variable stud-
ied.

Regression analyses of the vertical and diagonal distance data and
their interaction did not indicate a significant relationship between hand
hole location and compressive force or deflection. Table 2 shows the

Table 2. Compression Test Results for Vent Holes.

Diagonal Distance (cm)
9

0.0 | 2.0 | 3.9 | 5. | 78 | 98 | 117
Force and Deflection % Control Values
Force | Deflect| Force | Deflect| Force | Defiect| Force |Defiect| Force | Deflect| Force | Deflect| Force | Deflect
W | em) | N | tem} | N | fom} | (N} | fem) | N) | fem} | ) | (em) N} | (em}
mean 99 115
0.0 |stddev| 170 257
n 4
98 98
16 183 101
5
%5 120
25 136 132
5
101 101
—~| 33 14 5
£ 5
ICA 101 101
@ | 49 135 108
Q 5
<
© 98 7
W | 51 198 ‘ 208
= 4
E 102 104
'g 6.5 121 L 84
E 99 | 119
> |78 195 208
3
101 103
8.1 128 | 113
4
102 100
9.8 129 151
4
o7 96
10.2 158 ‘ 207
4
57 101
127 115 209
4 I ——
3 BE 98 98 101 101 101 101 102 104 101 103 102 100
Al 162 | 204 183 101 14 ‘ [ 135 | 108 121 | 84 129 | 13 129 151
24 5 5 5 5 4 4

Notes: (1} Outliers removed from table
(2) Mean and standard deviation for controls (zero material removed): Compression = 2587, 60 N
Deflection =0 .49, 0.02 cm
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~ weak relationship between the compressive force and each vertical and
diagonal location.

3.2 Ventilation Holes

Table 3 shows the means and standard deviations for the compression
testing results for the five designs for vent holes tested as compared to
the relative values for control samples. Each design had five different
percentages of material removed and five samples were tested for each
configuration.

The data were analyzed first using a 2-way analysis of variance. As ex-
pected, the designs, percent material removed, and their interaction were
significant (p = 0.000). The strength of each design reduced in a linear
fashion in correlation with the percent of material removed. Individual
regression analyses for each design were significant (p = 0.000) and had

Table 3. Compression Test Results for Vent Holes.

Design

1 2 3 4 5 All

Compression Strength % Control Value (N)

mean 79 79 85 82 77 80
10 std dev 74 79 101 40 76 74
n 5 5 5 5 5 25
77 62 75 73 64 70
20 145 86 56 35 67 78
= 5 5 5 5 5 25

9
< 73 53 87 63 54 62
5 30 119 72 126 51 85 90
g 5 5 5 5 5 - 25
T 65 44 60 53 45 53
= 40 78 50 86 77 87 75
2 5 5 5 5 5 25
= 55 34 a7 * 33 42
50 127 42 59 * 65 73
5 5 5 0 5 20
70 54 67 68 55 62
Al 109 66 86 51 76 78
25 25 25 20 25 120

Notes:

(1) Outliers removed from table
(2) Mean and standard deviation for controls (zero material removed) = 4177, 141N.
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adjusted r-squared values ranging from 78.4% to 97.3% indicating a
good fit to a linear model (Table 4).

One way to compare the compression strength performance of the var-
ious designs 1s to examine the regression coefficients for the percent ma-
terial removed versus the parentage reduction in compression strength
from the control units. The control units had no venting. The five control
units had an average strength of 4177 N. Table 4 shows coefficients for
the intercept and the percent material removed variable. A significant
positive intercept value can be interpreted as a “zero percent removed”
design penalty. For example, Design 1 predicts a 12% reduction in
strength even if the percent of material removed is zero. It should be
pointed out that predicted strength values based on the coefficients in
Table 4 are only applicable within the material removal range tested
(10-50%). Design 4 became unstable at the 50% level. These five data
points, showing approximately an 80% strength reduction as shown in
Figure 4, were removed to calculate the values in Table 4.

A reasonable expected value for the percent material removed coeffi-
cient would be 1.0. This means that predicted compression strength re-
duced the same percentage as the material removed. A coefficient higher
than 1.0 means that strength is being reduced faster than material is be-
ing reduced. A coefficient less than 1.0 means that strength is being re-
duced proportionally less. For example in Design 1, strength is reduced
by 0.56% forevery 1.0% of material removed on average. Alternatively,
both circular designs reduce in strength by 1.08% for every 1% of mate-
rial removed.

All of the mean strength reduction values shown in Table 4 are signifi-

Table 4. Regression Results for Vent Holes Sorted by
Mean Strength Reduction.

Coefficients

% Material Adjusted Mean Strength

Intercept Removed R-Sq Reduction % (1)
Design 1 0.12 0.59 78% 30.1%
Design 4 (2) 0.08 0.96 98% 32.3%
Design 3 0.06 0.91 95% 33.2%
Design 5 0.13 1.08 97% 45.5%
Design 2 0.13 1.08 96% 45.5%

Notes:
(1) Expected value for strngth reductfon equal to materil reduction is 30%.
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Scatterplot of Strength Reduction% vs Removed %
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Figure 4. Regression Plots for Vent Hole Tests.

cantly different, except for the two circular shapes: Designs 2 and 5. The
order of the designs in Table 4 has interesting implications for vent hole
design. Rectangular holes seem to offer significant strength advantages
over circular holes. Even the parallelogram Design 3 is significantly
better than the circular designs. This is interesting in that one might ex-
pect that designs with corners would be at a disadvantage because of cor-
ner tendency to add to stress concentrations. This is a possible explana-
tion why Design 4 with 4 rectangular cutouts per side performed more

poorly that Design 2 with only 2 cutouts.

4.0 CONCLUSIONS

1. The presence of ventilation and hand holes can cause strength reduc-
tion between 20 to 50% in single wall corrugated shipping containers.
2. The shape of the hole is critical in loss of strength. Vertical holes that
are rectangular or parallelogram in shape are better in retaining corru-

gated box strength as compare to circular holes.

3. Alinear relationship exists between the loss of strength and the to-
tal area of the holes made for venting or handling. This relation-
ship does not stay linear when over 40% of the face material is re-

moved.
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