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Summary

Research was conducted to determine the effect of
loading rate on the edgewise compressive strength of
corrugated  fiberboard. Results indicated that as the
loading rate was increased the edgewise compressive
strength, parallel to the flutes, also increased. Loads
were found to be a logarithmetric function of the load-
ing rate and increased approximately 7.5 percent for
each tenfold increase in loading rate.
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Introduction

The edgewise compressive strength of corrugated fiberboard has been shown
by McKee et al (8)2 to be the dominant factor influencing the top-to-bottom
compressive  strength of corrugated fiberboard containers. The development
and use of a short column test for determining the edgewise compressive

Maltenfort (10) reported the results of an American Society for Testing and
Materials (ASTM) interlaboratory investigation of a short column test of corru-
gated fiberboard and discussed some problems associated with it. One problem
that stood out in particular was the lack of reproducibility between the partici-
pating laboratories. This was undoubtedly due in part to difficulty experienced
in specimen preparation; however, different loading rates2 may have also been
a contributing factor.

lMaintained at Madison, Wis., in cooperation with the University of Wisconsin.

ZUnderlined numbers in parentheses refer to Literature Cited at the end of this report.

3The term loading rate refers to the rate of load application as measured by deformation

per unit of time.



It was therefore believed essential to study the effect of the variable, loading
rate, before further investigations of any magnitude were undertaken. This
Research Note presents the U.S. Forest Products Laboratory’s findings as to
the effect of loading rate on the edgewise compressive strength of corrugated
fiberboard.

Discussion of Literature

Liska (6) found that the maximum crushing load, parallel to the grain of small
wood specimens, was effected by loading rate. The apparent compressive
strength increased about 8 percent for a tenfold increase in loading rate.

Lewis (5) also found that maximum bending loads of insulation fiberboards
were effected by loading rate--increasing about 10 percent for a tenfold increase
in loading rate. Similarly, Godshall (1) found that the tensile strength of paper-
board specimens increased approximately 10 percent for a tenfold increase in
loading rate. In Godshall’s study, strain rates ranged from 0.0033 to 3,000 inches
per inch per minute.

Based on tests of wood and wood-based materials, a tenfold increase in load-
ing rate was expected to increase the edgewise compressive strength of corru-
gated fiberboard approximately 8 to 10 percent; therefore, the tests in this study
were conducted at various loading rates to accurately determine the effect of
loading rate on each of three types of corrugated fiberboard.

Materials

Commercially made A-, B-, and C-flute corrugated fiberboard was used in
this study. The material was unique in that the corrugating medium for each
type flute, A, B, and C, was taken from the same roll. Linerboards, used as
facings for each of the three combinations, were taken from two rolls. The only
differences, therefore, between corrugated materials were the flute size and
number of flutes per foot. Take-up factors for the A, B, and C flutes (ratio of
length of corrugating medium when flattened out to the length when corrugated)
were 153, 1.36, and 1.46, respectively. The overall thickness of the three types
of corrugated fiberboard specimens was: A-flute 0.200 inch, B-flute 0.117 inch,

and C-flute 0.165 inch.
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The linerboard used for the facings was nominal 42 pound (basis weight per
1,000 square feet) and approximately 0.012 inch thick. That used for the corru-
gating medium was nominal 26 pound and 0.009 inch thick. These resulted in
combinations of corrugated fiberboard having an average bursting strength of
approximately 200 pounds per square inch.

Specimens

The type of specimens used have been previously described (3, 7). They were
1-1/4 inches high by 2 inches wide, with the flutes parallel to the 1-1/4-inch
dimension. A table saw, equipped with a circular blade having small teeth and
no set, was used in cutting the specimens. Edges of the specimens were rein-
forced using the wax-dipping techniques introduced by McKee et al (7).

Procedure

All specimens were preconditioned for at least 24 hours at 80° F. and 30 per-
cent relative humidity, followed by further conditioning for at least 2 days at
73° F. and 50 percent relative humidity before testing at these same latter
conditions. Tests were conducted in accordance with the procedure described
by Koning (3) for the rectangular specimen except that the loading rates varied
from 0.005 to 2.00 inches per minute. This range includes most of the fixed-
speed testing machines currently used and also represents a typical range for
variable speed testers. Rates included were: 0.005, 0.01, 0.03, 0.05, 0.0625,
0.075, 0.10, 0.30, 0.50, 1.0, 1.10, 1.16, 1.50, and 2.00 inches per minute. The
testing machine used was equipped with an electronic load cell and a device for
recording the maximum load attained.

As the testing occurred at various times over a period of 2 years, several of
the results shown in table 1 represent averages of tests performed at two or
more different times. Not less than five specimens of each material were tested
to obtain an average and, in some instances, the values are an average of ten or
more specimens. All tests were conducted by one operator, using the same
testing machine and procedure in all instances. All specimens were carefully
examined upon completion of testing and those with obvious defects, such as glue
skips, were excluded from the average.
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Results

The edgewise compressive strength of the three materials at different loading
rates are summarized in table 1 and shown in graph form in figures 1-3, using
a log scale for the loading rate. The data suggested a linear relationship and
lines of best fit were determined by the least squares method. The equations of
the lines best describing the data are:

A-flute: P =496 + 4.09 log L (1)
B-flute: P =532 + 3.80 log L 2)
and C-flute: P =517+ 341 log L 3)

where P = the edgewise compressive strength in pounds per inch,
and L = loading rate in inches per minute.

To apply this effect of loading rate to other data, it would be convenient to
express the change in strength on a percentage basis. The calculated strength
at a loading rate of 1.0 inch per minute was arbitrarily selected, therefore, as
representing 100 percent and the strengths at other loading rates were expressed
as a percentage of that value. Figure 4 is a graph of the relative strengths
versus loading rate, plotted on a percentage basis. The slope of the curve is
approximately 7.5 percent for each tenfold increase in loading rate, based on
the average slope of the curves for A-, B-, and C-flute specimens shown in
figures 1-3. It will be noted that the curve in figure 4 has the 100-percent-
strength value located at a loading rate of 1.0 inch per minute.

Figure 4 can be used to estimate the edgewise compressive strength at other
loading rates when the strength at any one loading rate is known. For example,
assume tests conducted at a loading rate of 0.02 inch per minute yield an average
strength value of 60 pounds per inch and it is desired to estimate the strength
at a loading rate of 0.5 inch per minute. From figure 4, the relative strength at
0.02 inch per minute is 87.6 percent while at 0.5 inch per minute the relative
strength is 97.8 percent. The estimated strength, therefore, at a loading rate

97.8

of 0.5 inch per minute would bem x 60.0, or 67.0 pounds per inch.

Conclusions

Based on results of short column tests, the edgewise compressive strength of
single-wall corrugated fiberboard was found to increase with an increase in
loading rate. For the three materials evaluated, the magnitude of this increase

FPL-0121 -4-



averaged approximately 7.5 percent for each tenfold increase in loading rate.
To facilitate accurate comparison of materials tested by this method, it is
recommended that similar testing speeds be used or the results corrected for
the effect of loading rate.

Literature Cited

(1) Godshall, W.D.
1965. Dynamic tension testing equipment for paperboard and corrugated
fiberboard. U.S. Forest Serv. Res. Note FPL-081, Forest Prod-
ucts Lab., Madison, Wis.

(2) Kellicutt, K.Q.
1959. Short-column crush test of corrugated board and its use in quality
control, Package Engineering 4(9): 92-94.

(3) Koning, JW., Jr.
1965. Comparison of two specimen shapes for short column test of corru-
gated fiberboard. U.S. Forest Serv. Res. Note FPL-0109, Forest
Products Lab., Madison, Wis.

(4)

1964. A short-column crush test of corrugated fiberboard. Tappi 47(3):
134-137.

(5) Lewis, W.C.
1955. Effects of speed of test on bending strength of insulation fiberboard.
Tappi 38(2):65-68.

(6) Liska J.A.
1950. Effect of rapid loading on the compressive and flexural strength
of wood. Forest Products Lab. Rpt. No. R1767.

(7) McKee, R.C., Gander, JW., and Wachuta, J.R
1963. Compression strength formula for corrugated boxes. Paperboard
Packaging 48(8): 149-159.

(8)

1961. Edgewise compressive strength of corrugated board. Paperboard
Packaging 46(11):70-76.

FPL-0121 -5-



(9) McKinlay, A.H.
1960. Predict stacking strength of corrugated boxes accurately. Package
Engineering 5(10): 60-609.

(10) Maltenfort, G.G.

1962. How are we progressing with the corrugated column crush test?
Package Engineering 7(6): 75-81.

FPL-0121 -6- 2.-12



Table 1l.--Summary of edgewise compressive strengths
at different loading rates

Loading : A-flute : B~flute : C-flute
rate le-——m—mmmmm e et et e L DL L L D D D L LD LD ety
: Average:Coefficient: Average:Coefficient: Average:Coefficient
:strength: of :strength: of :strength: of
: : variation : : variation : : variation
Inches per: Pounds : Percent : Pounds : Percent : Pounds : Percent
minute :per inch: :per inch: :per_inch:
0.005 : (G110 R D P : 44,0 4.8
.0l i 40.2 5.7 : 45.4 4.4 : 44,0 5.4
.03 i 46.9 4.7 : 48.2 5.8 : 47,2 3.8
.05 1 43,2 3.5 : 46.4 7.8 i 46.9 3.4
L0625 : 42.4 6.6 : 50.1 7.0 : 47.8 .7
.075 1 44,2 5.4 48.4 7.2 47.7 6.7
.10 : 45,1 6.4 49.7 3.8 48.5 3.1
.30 1 46.0 8.0 50.7 4.5 50.7 3.9
.50 : 47.8 2.7 53.2 4.7 51.1 3.7
.00 1 48.1 9.1 52.5 4.2 49.4 7.1
o 53,0 5.7 52.4 4.4 52.5 5.0
.16 : 51.0 5.3 56.4 2.8 (1) ot
1.5 i 49.5 4.0 52.0 4.4 52,7 : 4.9
2.0 50.8 6.7 54.4 5.1 52.7 : 3.4

lNoT evaluated at this loading rate.



1 Bol 60F + 967y = d S erep a8y bBumy I1seq auy a8y Jo uonenbs a8yl  -preogiaqy
payebnuiod  anp-y  Jo  yibuans oaissaidwod  asmabpa syl uo  ares  Buipeo) jo 109y3--'T ainbi4q

/SEO0ET N
(FLOANIW &3I4 SITHOINI) T ‘FLVY 9NIGVOT
£ 2 / G0 20 /I'0 §00 200 100 §000
T TTT T T T T 1 TTTT T T T 1 o] 0%
lvvw
< O
g3
l.%vpo.w_
R
VD
mg
o ¥ X
0 ~
S v
N
— — 9¢
NI~V
| AN _ bbb ] L

Q
©

FNISSIHINOD FSIMF9TT



1 Bol 08€ + T€S = d sl elep ay bumy 3seq sull ayr jo uonenba syl -preoglaqy
paiebniiod any-g Jo ybuans oaissaidwod asimabpa syl uo arel Buipeo] Jo 109y3--'¢ ainbi4

8GE OET N

(FLONIW Y34 SITHIONI) T ‘FLVY 9NIGYOT

FANISSIHINO0D FSIMIIAT

£ 2 / G0 co /10 §0°0 co00 \Q..Q G000

_ I T T T T ] MTTT T T T 1 1T T179%
3
SRS
ﬁw
DX
S v
N

FLIN74-6
1 RN | Lt | P 09




1 Bol T¥'e + LTS = d Sl erep 8yl Bumy iseq sul 8yl jo uonenbs syl  preogiaqy
parebniiod anp-o 1o ybuans oaissaldwod asimabpa ayl uo ares DBuipeo] jo 108yg--'¢  ainbi4

9G€ 0ET W

(FLONIW Y34 SIHONI) T ‘FivY 9NIGVOT

£ 2 / G0 2o /0 G000 co0 /00 G000
_ MITT T T T 1 MITTT T T 1 7797
(@M
8% &y ™
<
D Q
AN
26 DX
S v
I
— — 96
FLNTS-2
_ NN | W 1L o

FNISSEIHINOI FSIMITOTF



quadiad g2 A@rewixoidde  sasealoul
yibuans oyl ‘eres DBuipeo] Ul aseasoul pljojusl e 104  ‘pieoqtaqly  parebniiod anp-D  pue
‘—g ‘—v 1o uylbuans onissaidwods asimabpa syl uo arel Buipeo] Jo 10948 abeiaAay--f  ainbi4

SSE OET W

(FLNNIW YFd SIHONI) T ‘FLVY O9NIGVOT
c / 50 o /o Go00 coo /00 G000

_ TTT T T T T 1 TITTT T T T 1 17T 9%

8
&8
cé

96

(INFOYTd) FLONIN &3Id
HON! O°1 40 FLVY 9N/GVOT V LV
HIINIYLS SO FOVINIIHFS V SV

oo/

3INTS4-0 OGNV -‘G-‘V

| 0 I S 1 S LILLL T 4o

‘HLIONIFYLS FNISSIYINOI FSIMIFIGT

‘d



PUBLICATION LISTS ISSUED BY THE

FOREST PRODUCTS LABORATORY

The following lists of publications deal with investigative projects of the
Forest Products Laboratory or relate to special interest groups and are avail-
able upon request:

Architects, Builders, Engineers, Growth, Structure, and
and Retail Lumbermen Identification of Wood

Box, Crate, and Packaging Data Logging, Milling, and Utilization
of Timber Products
Chemistry of Wood
Mechanical Properties of Timber
Drying of Wood
Structural Sandwich, Plastic

Fire Protection Laminates, and Wood-Base
Components
Fungus and Insect Defects in
Forest Products Thermal Properties of Wood
Furniture Manufacturers, Wood Fiber Products
Woodworkers, and Teachers
of Woodshop Practice Wood Finishing Subjects
Glue and Plywood Wood Preservation

Note: Since Forest Products Laboratory publications are so varied in subject
matter, no single catalog of titles is issued. Instead, a listing is made for
each area of Laboratory research. Twice a year, January 1 and July 1,
a list is compiled showing new reports for the previous 6 months.
This is the only item sent regularly to the Laboratory’s mailing roster,
and it serves to keep current the various subject mattes listings. Names
may be added to the mailing roster upon request.



The FOREST SERVICE of the
U.S. DEPARTMENT OF AGRICULTURE
is dedicated to the principle of mul-
tiple use management of the Nation's
forest resources for sustained yields
of wood, water, forage, wildlife, and
recreation. Through forestry research,
cooperation with the States and private
forest owners, and management of
the National Forests and National
Grasslands, it strives - as directed
by Congress - to provide increasingly
greater service to a growing Nation.
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