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Top-to-bottom compressive strength is one of the primary
corrugated container end-use requirements,and is a per-

formance metric often specified by corrugated board cus-
tomers.The edgewise compressive strength of the combined
board (as measured by the edgewise compressive test, ECT)
may also be specified by customers, and plays the most
important role in overall box compressive performance
[1,2]. Historically, there have been many efforts to correlate
the ECT of the combined board with strength properties of
the containerboard components, the linerboard and medi-
um, in an effort to predict this critical property more accu-
rately. Our industry presently relies primarily on two meth-
ods for quantifying the strength of the components, the ring
crush test (RC;TAPPI T 822) and the short-span compression
test (SCT or STFI,TAPPI T 826), with occasional publications
and ongoing side-bar discussions at technical conferences
advocating the merits of each.

Both RC and STFI are material properties that depend on
fiber mass.They can be used as independent measures of paper
processes, and both depend on how we operate our paper-
making equipment.While technical papers have been written
correlating RC and STFI [3-5], they are not truly correlated
above the level of noise beyond their mutual dependence on
mass [6].They can vary independently for a given grade of
paper,either due to noise in the test procedures or due to clear
differences in the paper machine processes by which these
physical properties are achieved [3,7-10].Because they are dif-
ferent and can vary independently, they cannot be similar
measurements of the inherent strength of the material.

One might argue that the key indicator of the validity of a
test method is whether it assesses an intrinsic property. Un-

derstanding fundamental material properties and their inter-
actions can be very important when it comes to developing
mechanistic models,particularly for combined board strength
or box performance.Equally,if not more important,is our abil-
ity to accurately measure the parameters in, and apply the
knowledge gained from, those models.

At present, about half the corrugating industry in North
America prefers using one test method and the other half
prefers the other method to characterize the strength of the ma-
terials that form corrugated board [10].Ring crush testing has
a strong historical footing [11] and until comparatively recent-
ly had been the default test for evaluating paper compressive
strength for the industry (at least in North America).However,
several authors have challenged the validity of the method’s
ability to identify the true compression strength of paper.They
state that lower basis weight samples (actually, lower caliper
samples [12]) tested using the RC method fail primarily by
buckling [3,13-15] and observe that many of the lightweight pa-
pers now prominent in the industry fall out of the range for
which the test is nominally specified.Additional challenges to
the RC methodology that might impact comparison between
results across different testing sites also have been raised [16].

Others argue that the TAPPI RC test is cumbersome and
difficult to use in a mill environment, given the need to gen-
erate results rapidly.Operator error or poor equipment main-
tenance may also have a larger role in some mill environments
when comparing RC testing to STFI testing.The analysis dis-
cussed in this paper assumes both tests are done correctly,ac-
cording to their respective TAPPI Standards (T 822 ring crush
using a load cell compression tester,and T 826).From our ob-
servations, this can be achieved in either a lab or a mill envi-
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ronment,if testing is done carefully.This assessment also does
not address the efficiency advantages gained by some of the
automated testing units now on the market.

One might take 20-30 STFI measurements using auto-
mated or semi-automatic equipment in the time it would
take to manually perform two or three RC measurements.
Thus, while the RC test in its pure form may have merit his-
torically, the confidence one has in estimates for combined
board strength based on the STFI result is assumed to be
much greater because of our ability to collect so many data
points more quickly.A larger collection of measurements for
the STFI test should by definition lead to a smaller confi-
dence interval about the average value measured.

Compression failures occur in paper testing due to in-
stabilities at different structural levels,and the two test meth-
ods probe different length scales.An excellent review of the
scientific merits of various evaluations of the edgewise com-
pressive strength of paper has been compiled by Fellers and
Donner [17].As they note, a substantial portion of the differ-
ences in results between test methods is due to difference in
sample size and associated variations in nonhomogeneous
material.The small area tested in the STFI test likely serves to
overestimate the effective strength of paper on the larger
length scales typically used in corrugated boxes, because of
failure to measure and account for the “weakest link” in the
paper structure.A large sample will fail at its weakest loca-
tion (be it a RC specimen or a box panel),and will thus have
lower strength than a small sample.The STFI test, stressing a
15 mm wide band that is 0.7 mm high,should by nature pro-
duce a larger strength measurement than a RC test stressing
a strip 6 in. (152.4 mm) wide and 0.25 in. (63.5 mm) high,
due simply to the much smaller area being tested.They also
note that the RC test (as practiced in TAPPI T 822 and T 818)
does not satisfy the criteria for a pure compression test of
linerboard, and thus does not accurately quantify the intrin-
sic compression property of the material.

Rather than reanalyze all the test methods and their fail-
ure modes,in the discussion that follows we examine the ap-
plication of the two most common methods of evaluating
paper strength (or effective paper strength) in the estimation
of the strength of combined board as determined by ECT
(per TAPPI T 811.) ECT is used as the primary material prop-
erty defining combined board strength. It has its own com-
plexities and variations in failure modes [18,19],which make
an assessment of the true material property of the combined
board difficult.Nonetheless,estimating ECT as accurately and
reliably as possible continues to be a goal for those endeav-
oring to connect paper properties to box performance
[20,21].An analysis of the correlation between paper test fail-
ure modes and combined board strength also sheds light on
some of the mechanisms by which boxes fail.

In the next section we examine in detail model results
based on test values from a designed experiment at a single

box plant.These models allow us to evaluate the quality of
predictions when using RC and STFI to estimate ECT.As well,
we can divide the RC data to assess whether the STFI data col-
lected by averaging 20 individual measurements does indeed
provide better models or more accurate estimates of com-
bined board strength (ECT) than smaller groups of RC meas-
urements.We also expand this analysis to a larger but statisti-
cally unbalanced data set combining test results from several
box plant trials.We then discuss these results in light of the
hypotheses in the literature to identify which paper testing
protocol provides the best mechanistic assessment of com-
bined board strength and likely box performance.

RESULTS
The first data set contains 39 data points,distributed as a de-
signed experiment with replication.This creates a very bal-
anced, uncorrelated, and evenly distributed group of data
with which to generate models of ECT performance. On a
single corrugator with a typical C-flute roll, we combined
linerboard with nominal basis weights of 170, 275, and 360
g/m2 (35,56,and 74 lbs/thousand square feet [msf]) with cor-
rugating medium having nominal basis weights of 126, 161,
and 197 g/m2 (26, 33, and 40 lbs/msf).All combined board
produced was “symmetric,” with similar weights of liner-
board used for both faces of the combined board.The distri-
bution of the combined RC values of the linerboard (CRC)
and the RC of the medium appears graphically in Fig. 1.

RC and STFI measurements on the papers,as well as ECT
measurements of the combined board off the corrugator,are
presented in full in Appendix A. From this data we can also
generate “RC1” and “RC3” sets of paper test data by simply
taking the first or the average of the first three individual RC

1. Distribution of data points for the single designed

experiment.The RC of the medium is plotted against

the sum of the RC values of the two linerboards.

Distribution is similar for STFI and basis weight.

Points are relatively evenly and symmetrically distrib-

uted, such that no single point has leverage in the

model greater than 1.45 times the average.



measurements (out of 10) made on each paper used. In this
way we can generate models for ECT using STFI data, regu-
lar RC data,and RC data that one might generate given small-
er numbers of specimens, in the same time frame that one
could generate the STFI data.All testing was performed in a
standard TAPPI environment (23°C, 50% RH) after precondi-
tioning and conditioning according to TAPPI T-402.

There are several ways to evaluate the quality of a model
generated by fitting a limited data set.One approach is to ex-
amine the model fitting parameters (R2,etc.) to see how well
the model fits the data available.A model that fits present data
better might reasonably be expected to predict future data
more accurately.We can also evaluate how far off the model
predictions are on an absolute scale from the data used in
the model.Assuming we have done the modeling correctly,
the average deviation from the actual values measured
should be zero.We can examine the confidence interval on
the average to see how precisely the model predicts the ac-
tual values. Similarly, we can examine the average of the ab-
solute values of the deviations to identify how far off we
might typically expect a given model prediction to be.The
best models would not only have the best fitting parameters,
but would also have the tightest confidence interval and the
smallest average absolute value deviation.

Following the literature, we assume a linear relationship
between paper properties and ECT, and fit our data to the
model:ECT = A + B * (linerboard values) + C * (medium value)
where A,B,and C are fitting parameters, linerboard values are

the combined (summed) RC, RC3, RC1, or STFI values of the
two linerboards, and medium value is the value of the medi-
um measured in the same way as the linerboard values.In this
work, we did not explore combining RC on one component
with STFI on another, or combining any other measurement
modes (CLT,CFC,Taber Stiffness,etc.) in our models.

Statistical parameters describing the four models gener-
ated in this fashion (Table I) allow us to evaluate the fits.
Both R2 and mean-squared residual (MSR) values are compar-
ative measures of the quality of the fit relative to the noise in
the data set.Given that the data sets are all of the same size and
target the same ECT values, these results are directly compa-
rable between fits and can be used to assess relative fit accu-
racy. Of the four fits, we see (somewhat surprisingly) that the
fits using RC and RC3 data have similar R2 and mean-squared
residual values,indicating that the fits are of similar quality.The
R2 value decreases,and the MSR increases,when we take only
the first RC measurement into account for our model (RC1),
and change even more when we use STFI data in our model.
Thus, we see that whatever subset we use for RC measure-
ments,our fit does better (higher R2,lower MSR) than if we use
STFI measurements as the independent parameter.

Similarly, we see that the accuracy for the prediction
(measured values minus model values) is better for RC models
than STFI models,with a smaller confidence interval about the
zero average indicating less variability.The average absolute
value of the difference between measured and predicted val-
ues on the RC and RC3 models is about half of that of the STFI
model. In other words, our predicted values are closer to the
actual values when we use RC rather than STFI. On the basis
of these observations from this single trial data set,it would ap-
pear that RC is the better parameter to use in modeling.

Given the literature discussion on the importance of buck-
ling of RC samples at lower weights, we might expect signifi-
cant deviation from a linear fit for the RC models when we use
low basis weight linerboards, while for the STFI models we
should find uniform fit quality across basis weights. However,
our data set reveals the opposite.We can generate linear fits to
the data for RC and STFI leaving out the lightest basis weight
linerboard data (170 g/m2 [35 lbs/msf]), and then examine the
difference between those curves and the data at lighter weights.

We find (Fig. 2) that the ECT at lighter weights is much
closer to the estimate generated by using a RC model for the
heavier weight liner combinations than by using a STFI model
based on the heavier weight liner combinations.While in both
cases the light weight samples deviate from the fit generated for
the heavier liner combinations, the actual ECT misses the RC
model by 1.4 lbs on average while the actual ECT misses the
STFI model by 8.5 lbs on average.This implies greater consis-
tency across the basis weight range for our RC model than for
our STFI model,at least in this single corrugator experiment.

While this experimental design was statistically robust,
the data set was small and it may be that unique or unex-
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Fitting parameter RC RC3 RC1 STFI
# specimens 10 3 1 20

R2 0.994 0.994 0.985 0.978
MSResidual 1.38 1.27 3.35 4.86

Measured-model
CI about zero 0.36 0.34 0.56 0.67
AAD 0.91 0.84 1.40 1.74

I. Statistical parameters describing the fits generated

based on measurements of RC, STFI, and ECT for our

limited (n=39) designed experiment performed on one

date at a single box plant. Data for these fits appear in

the appendix.The number of specimens indicates the

number of individual test pieces used to calculate the

reported (average) property. R2 and MSResidual are

parameters describing the statistical quality of the fit.

The confidence interval (CI) about zero indicates the

relative noise in the fit, with smaller values indicating a

tighter model. Average absolute difference (AAD) indi-

cates the average difference between zero and the

absolute values of the differences between measure-

ments and model estimates. For a perfect fit with no

variability, CI and AAD would be zero. Values closer to

zero indicate more robust models.
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pected features or biases associated with the particular cor-
rugator or box plant might somehow skew the model re-
sults.Therefore,we repeated the analysis on a larger data set
of 131 samples collected from six box plant trials.This larg-
er set includes the first set of 39 data points.Given that flute
profile can be expected to affect ECT results,we ensured that
each corrugator in our larger set had corrugating rolls with
similar chordal height and pitch.Nominal linerboard weights
across these six trials varied from 150-360 g/m2 (31-74
lbs/msf) and medium weights varied from 110-197 g/m2 (23-
40 lbs/msf). Since this larger data set incorporates data from
half a dozen trials, it might be considered more representa-
tive of the real world and less subject to vagaries that may af-
fect the analysis from one data set.

While each individual trial was statistically balanced in its
distribution of data points, the combined set is skewed to-
ward the lower basis weight range.This data set includes a
significant fraction of points where the RC values fall in a
range typically considered suspect for valid measurement of
RC as a material property [8,12,15]. (Note that results of any
measurement that follows the RC procedure is a valid RC
measurement.In question here is whether that measurement
is a meaningful indication of the intrinsic compression
strength of the paper.) Of the data points, 73 involve liner-
board with a nominal weight of 170 g/m2 (35 lbs/msf) or
less, and 89 of the data points involve medium with a nomi-
nal weight of 126 g/m2 (26 lbs/msf) or less. Despite the in-
clusion of both light weight and heavier material, the linear
fits to all models (RC and STFI) had evenly (and similarly) dis-
tributed residuals (Fig. 3.) These model results (Table II)

lead to conclusions similar to those from the smaller data set.
Once again, more significant curvature in the RC models

might have been expected compared with the STFI models,
given the literature hypotheses on problems with the RC test at
low weight. Following the same procedure as for the smaller
data set,we also generated fits using only the upper segment of
the linerboard basis weight range (58 points from the larger set
of 131).While again the light weight ECT values deviate from all
fits generated for the heavier liner combinations,the actual ECT
misses the RC model by 1.0 lb on average while the actual ECT
misses the STFI model by 2.4 lbs on average.Thus,we reach the
same conclusion when we focus only on the lighter weight sam-
ples in this larger set as in the earlier,smaller data set,indicating
clearly that regardless of what the RC test is actually measuring,
the property quantified correlates well even when we include
the data for which RC may not be measuring an intrinsic mate-
rial property.We have repeated this analysis on completely in-
dependent sets of data for corrugators with other profiles, ob-
serving similar relationships.

DISCUSSION
Given the data mentioned, we find that nearly all models
based on RC,even when we only take a single RC specimen
as representative of the paper used (RC1), provide more ac-
curate estimates of the ECT value on average than models
based on STFI values averaging 20 individual measurements.
Comparing the analyses of the two data sets sheds further
light on the factors governing model accuracy. For the RC
models, we see that the average absolute differences (be-
tween estimated and actual ECT values) increase when we
go from a data set encompassing one corrugator trial to a set
with six trials.Variations between trial sites contribute nu-
merous additional parameters to the noise component of the
overall models.The growth in the absolute difference indicates

2.The difference between measured ECT values and

fits generated without the lighter weight segment of

the single designed experiment. RC residuals at the

lighter weights are much closer to zero than the STFI

residuals, indicating much less deviation for RC at

lighter weights from expectations based only on the

heavier (nominal 275 g/m2 [56 lbs/msf] and above)

data.The legend corresponds to the data sets

described in the text.

3. Residual plots for two of the four fits of RC or STFI

measurements to ECT values generated for the larger

data set (n=131). Residuals are evenly distributed

about zero.The legend corresponds to the data sets

described in the text.



that those sources of variation are on the same order as variation
in the test method itself and contribute to increasing uncertain-
ty in the model.By contrast,the difference between the models
for STFI from the two sets of data is small, implying that the ad-
ditional variation arising from multiple sites is not significant
compared with the inherent variation/uncertainty in the corre-
lation between the STFI test and the ECT values on the speci-
mens collected.The natural variation in the STFI measurement
itself apparently swamps the influence of other fabrication-re-
lated factors.

The STFI test is a pure loading test at the fiber length
scale (0.7 mm),specifically designed to avoid buckling.Thus,
it well quantifies the absolute load carrying capacity of the
paper at small length scales. STFI results tend to be higher
than those produced by many other compression-test meth-
ods (on a load-per-length basis), implying a value closer to in-
trinsic compression (or perhaps fiber strength) and less in-
fluenced by other factors. However, failure of a STFI sample
is restricted to occur in this narrow region.Since larger scale
paper samples typically fail when voids created by delami-
nation join together [17,22,23], the STFI test likely does not
allow the paper to fail in the same mode as in an ECT sam-

ple, or a box.As noted by Fellers and Donner, one must cor-
rect the strength values produced by the STFI test to account
for weak links in the larger structure and relate the values to
failure in larger scale paper structures. By contrast, the RC
test specimen is large enough for voids to join.

The noise/variability in the STFI test due to the nonuni-
formities in the substrate dominates the measurement.The
resulting uncertainty in the correlation on the single data set
is sufficiently large at the outset to be affected only slightly
by additional sources of uncertainty (e.g. run-to-run varia-
tions). RC values have better signal to noise (lower STD in
measurement) than STFI [6], likely in part because of physi-
cal averaging over the larger test specimen.A single RC sam-
ple provides ~1.5 in.2 of area for failure over which it is av-
eraging.A single STFI sample provides 15 mm x 0.7 mm, or
0.016 in.2 of area for failure.Thus, to average over the same
amount of area as one RC sample,and explore the same area
for “weakest links,” one would need to test ~100 STFI sam-
ples.An interesting experiment exploring this hypothesis
would involve comparing the RC subsets described above to
average STFI incorporating 100, 300, or 1000 measurements
corresponding to one, three, or 10 RC tests.That would pro-
vide for similar areas under testing and would identify
whether the difference in fit quality comes only as a result of
averaging affects relative to material tested. However, it is
likely that so many tests would strain the ability of even au-
tomated equipment in a typical operation.

STFI may correctly assess the material property of paper
compression at its fundamental scale,the intrinsic compression
strength,but may not properly describe the macroscopic prop-
erty at play in box compression failure. Just as one would not
expect the zero span tensile strength to be the sole factor gov-
erning the tensile strength of a sheet at the length scale of a typ-
ical tensile test, the compressive strength at the very-short-col-
umn length scale does not appear to describe adequately the
compressive behavior at the typical length scales of a box panel
or ECT specimen.Regardless of which mechanism explains the
difference in the fits, the difference implies that the failure
mode in the ECT test is inherently more correlated with the fail-
ure mode in a RC sample than in a STFI sample.

A common statement in the literature is that for RC tests of
thin or low basis weight samples,(typically below 205 g/m2 (42
lbs/msf)),buckling contributes to the failure mode [14].Buck-
ling is often put forward (correctly or not) to account at least
in part for the difference between RC values and STFI values,
and to challenge the usefulness of the RC test in assessing com-
bined board compressive performance. Somewhat recent
measurements of the full load-deflection curve for the ring
crush test question whether this buckling corresponds to the
peak value measured or occurs only after peak load [24].Spec-
imen buckling before or at the peak load value would clearly
invalidate RC as a measure of pure (intrinsic) compression
strength. However, regardless of when any buckling might
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II. Statistical parameters describing the fits generated

based on measurements of RC, STFI, and ECT for our

more expanded (n=131) data set. We see lower R2 val-

ues and higher MSResidual values than in Table I

because of the added variability that comes from

agglomerating data from multiple production sites.

Since the CI is dependent on the number of measure-

ments, values are smaller than in Table I.

Fitting parameter RC RC3 RC1 STFI
# specimens 10 3 1 20

R2 0.982 0.981 0.975 0.969
MSResidual 2.90 3.06 4.06 5.03

Measured-model
CI about zero 0.29 0.30 0.34 0.38
AAD 1.25 1.28 1.52 1.77

III.The approximate or typical flute pitch of different

corrugated structures. Note that F- and N- flute have

interflute spacings that are closer to the length scale

of the STFI test (0.7 mm, 0.028 in.) than the length

scale of the RC test (6.4 mm, 0.25 in.) Fl = flute.

Structure Flutes/m Flutes/ft in/fl* mm/fl*

A-flute 108 33 0.36 9.24

C 128 39 0.31 7.82

B 157 48 0.25 6.35

E 262 80 0.15 3.81

F 394 120 0.1 2.54

N 590 180 0.07 1.69
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occur in a RC specimen under test, the
statistical analysis would appear to indi-
cate that intrinsic compression strength
of paper (perhaps as measured by STFI)
is not necessarily the correct parameter
to use to assess combined board and box
performance.

The RC test is a loading test at a ~6.4
mm (0.25 in.) length scale, nearly an
order of magnitude larger than the STFI
length scale and similar to the failure
length scale of the linerboard between
the flutes in a C-flute corrugated box
[25]. Linerboard buckling is observed
between the flutes when ECT is evalu-
ated for combined board samples using
light-weight (lower caliper) linerboards,
at a similar weight/caliper transition
point as the onset of bucking is hypoth-
esized for the RC test [26,27].Buckling
of the linerboard in combined board ap-
pears similar to the diamond pattern
one might expect in the buckling of
cylinder walls when the cylinder is not
short, as is the case for RC tests on suf-
ficiently thin samples. Whether this
bucking occurs as part of the failure
mode of the paper, as assumed by most
researchers, or only after the peak load
has actually been reached, as noted by
others [24] the behavior in the RC test
specimen parallels the behavior ob-
served in combined board samples
when tested for ECT and in actual
boxes.

Given the similarities in failure
modes and cross-over points, it seems
logical to use the RC test to predict
combined board properties under load
(ECT). The test probes the correct
length scale, inherently incorporating
the combination of compression and
flexural failure modes that likely occur
in practice.To be as reliable,predictions
based on intrinsic compressive
strength would also need to incorpo-
rate buckling or stiffness measurements
explicitly to capture the full physics of
combined board failure [27,28].Simply
using the STFI test method,which does
not incorporate buckling, does not
meet this requirement.The relative ac-
curacy of broader types of analyses

combining STFI with other methods,
and a discussion of the complexity of
making all the required measurements
in the field, remains to be investigated.

It is interesting to apply the logic

above to current explorations of lighter-
weight papers and thinner corrugated
structures with more closely spaced
flutes.These types of boxes are begin-
ning to replace folding cartons in a

APPENDIX A

Linerboard Medium ECT (T811)
Data Set CRC CRC3 CRC1 CSTFI RC RC3 RC1 STFI Avg STD
1 157.9 157.0 157.7 41.0 42.4 40.9 40.4 12.3 39.2 1.6
2 153.2 151.5 151.6 40.6 43.8 44.2 41.0 13.1 39.5 1.2
3 154.8 153.3 157.9 40.3 43.1 43.7 46.5 12.6 39.1 1.9
4 157.9 157.0 157.7 41.0 61.5 63.7 62.4 17.1 42.6 2.6
5 153.2 151.5 151.6 40.6 63.7 62.9 61.3 16.9 41.0 2.3
6 154.8 153.3 157.9 40.3 66.2 67.9 67.6 16.7 39.9 2.6
7 263.8 265.3 262.8 58.9 42.4 40.9 40.4 12.3 56.0 1.8
8 272.0 270.8 258.2 59.7 43.8 44.2 41.0 13.1 58.7 2.3
9 263.1 262.3 261.1 58.4 43.1 43.7 46.5 12.6 57.5 2.3
10 366.2 366.7 364.6 86.4 42.4 40.9 40.4 12.3 72.0 3.8
11 357.4 357.0 360.6 80.7 43.8 44.2 41.0 13.1 71.6 2.8
12 347.1 346.7 338.3 79.2 43.1 43.7 46.5 12.6 69.5 3.2
13 366.2 366.7 364.6 86.4 61.5 63.7 62.4 17.1 75.5 3.7
14 357.4 357.0 360.6 80.7 63.7 62.9 61.3 16.9 73.6 3.2
15 347.1 346.7 338.3 79.2 66.2 67.9 67.6 16.7 73.7 2.9
16 263.8 265.3 262.8 58.9 61.5 63.7 62.4 17.1 60.8 2.6
17 272.0 270.8 258.2 59.7 63.7 62.9 61.3 16.9 61.1 2.2
18 263.1 262.3 261.1 58.4 66.2 67.9 67.6 16.7 60.1 3.5
19 263.8 265.3 262.8 58.9 78.0 76.7 73.3 19.5 61.5 2.7
20 272.0 270.8 258.2 59.7 80.3 81.8 79.1 19.5 62.8 2.9
21 263.1 262.3 261.1 58.4 81.9 82.7 82.9 19.3 61.9 2.5
22 366.2 366.7 364.6 86.4 78.0 76.7 73.3 19.5 77.7 5.0
23 357.4 357.0 360.6 80.7 80.3 81.8 79.1 19.5 74.0 4.2
24 347.1 346.7 338.3 79.2 81.9 82.7 82.9 19.3 74.5 2.5
25 157.9 157.0 157.7 41.0 78.0 76.7 73.3 19.5 43.2 2.9
26 153.2 151.5 151.6 40.6 80.3 81.8 79.1 19.5 44.2 2.7
27 154.8 153.3 157.9 40.3 81.9 82.7 82.9 19.3 42.3 1.8
28 149.2 150.3 147.4 39.0 41.1 40.9 41.5 12.3 39.1 1.5
29 147.1 144.0 149.1 39.2 44.4 43.9 46.9 12.6 37.1 1.5
30 148.8 147.1 145.2 39.1 43.8 45.0 42.9 12.4 38.9 2.0
31 149.2 150.3 147.4 39.0 77.9 78.2 77.1 20.1 43.6 1.6
32 147.1 144.0 149.1 39.2 80.8 80.5 79.0 19.4 43.3 1.6
33 148.8 147.1 145.2 39.1 81.5 81.5 79.9 19.8 43.9 2.4
34 377.0 374.6 389.4 84.7 41.1 40.9 41.5 12.3 75.3 3.2
35 362.3 361.2 362.5 82.6 44.4 43.9 46.9 12.6 69.0 4.0
36 343.8 342.0 360.4 78.5 43.8 45.0 42.9 12.4 67.6 3.1
37 377.0 374.6 389.4 84.7 77.9 78.2 77.1 20.1 79.5 4.6
38 362.3 361.2 362.5 82.6 80.8 80.5 79.0 19.4 74.4 2.5
39 343.8 342.0 360.4 78.5 81.5 81.5 79.9 19.8 73.5 2.3

Measured values used in modeling the single-site designed experiment,

described in the text. Linerboard values are the sum of measurements on

the two linerboards that formed the combined board. STFI values (TAPPI T

826) are averages of 20 measurements, reported in lbs/in. ECT values (TAPPI

T 811) are averages of 24 measurements, reported in lbs/in. RC values (TAPPI

T 822, with modifications in # of samples) are reported in lbs/6-in., and are

averages of 10 (CRC and RC) or 3 (CRC3 and RC3) measurements, or repre-

sent single measurements (CRC1, RC1), as indicated in the text.



number of applications. In structures
with more flutes (Table III), the spac-
ing between flute tips decreases to a
point much closer to the length scale
probed by the STFI test than the length
scale probed by the RC test.Thus, for
small-flute corrugated, it may be that
STFI better describes the failure mode
of the structure, and thus of boxes in
compression.At the same time, small-
flute cartons are predominantly made
using progressively lighter and thinner
papers.This shift in component weight
may serve to maintain the importance
of facing buckling in the failure mode.
The increasing use of small-flute cartons
thus points to a potentially fruitful area
for additional research probing the rela-
tionship between test method length
scale and box failure mode dynamics.

CONCLUSIONS
The ring crush test and the STFI test
both can be used to evaluate the com-
pression strength of corrugated board
components,and both can be correlated
with combined board strength.While
the STFI test probes paper strength at a
length scale likely conducive to identify-
ing the intrinsic compressive strength of
the material, the RC test probes load-
bearing capacity at the typical length
scale of the inter-flute spacing of a cor-

rugated box.The STFI test is also strong-
ly influenced by unevenness in the ma-
terial at the structural level, which is ef-
fectively averaged out in the RC test.As a
direct result of these two differences,the
RC test correlates better with ECT
strength of corrugated board.This im-
proved correlation holds even when
only a few RC specimens are used to
evaluate the strength of the paper, and
even when variability from multiple
combining operations at different box
plants is included in the analysis.
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