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This paper reports the effect of load 
rate and humidity on edgewise compres
sion properties of paperboard. One liner-
board and one corrugating medium were 
tested at three load rates; 263 N/m/s, 2.63 
N/m/s, and 0.0263 N/m/s, under constant 
50% and 90% relative humidity (rh). Both 
paperboards exhibited lower compressive 
strength, smaller initial stiffness, and larg
er failure strains as load rate was reduced. 
Compressive strength and initial stiffness 
were found to vary with the logarithm of 
load rate. The results also show that the 
paperboards in this study were more af
fected by load rate at 90% rh than at 50% 
rh. The hyperbolic tangent model is ex
tended to determine load as a function of 
strain and load rate. In this model, com
parison of the machine direction (MD) 
and the cross-machine direction (CD) 
response shows that the CD is more sen
sitive to load rate at 50% rh, but that the 
MD is more sensitive at 90% rh. 

INTRODUCTION 
Knowledge of the basic engineering 

properties of paperboard is essential to 
optimum use. The papermaking and 
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packaging industries have gained much 
needed information from the recent de
velopment of methods for measuring the 
edgewise compressive strength of liner-
board and corrugating medium [1,2]. We 
anticipate that in the near future this in
dustry will accelerate research investigat
ing the reduction in compressive load-
carrying ability resulting from change in 
the service environmentand extended time 
of load. 

Caulfield [3] has shown that dura
tion of load can be predicted from the 
strength data obtained at various load 
rates. Rance [4], Andersson and Sjöberg 
[5], and Steenberg [6] reported a rate-of
load effect while testing paperboard in 
tension. Moody and Koning [7] reported 
a reduction of compressive strength of 
corrugated board at reduced strain rates. 
There are no data in the literature con
cerning the rate-of-load effect on the com
pressive strength of paperboard, per se. 

This paper reports the effect of load 
rate on the compression properties of two 
paperboards. The samples were tested at 
three load rates, in the machine and cross-
machine directions, and at constant 50% 
and 90% relative humidity (rh). We also 
present an empirical model, which ac
curately represents the compressive load-
strain behaviour at different load rates. 

EXPERIMENTAL PROCEDURE 
All tests were performed in an ap

paratus, developed at the Forest Products 
Laboratory [8,9], that consists of a load 
frame and a vacuum restraint system en
closed in a chamber. The load frame is ser
vo driven, so that it achieves the 
computer-specifiedload values regardless 
of specimen strain magnitude. During 
conditioning of the specimen, the servo 
compensates for changes in specimen 
length due to sorption. Humid and dry 
air are proportioned by a flow control 
valve and drawn into the specimen cham
ber. The humidity-controlled air flows 
through and around the specimen. With 
such a configuration, dimensional stabil
ity can be reached in 5 min. 

Specimens are preconditioned at 
50% rh, 23°C for several days. A test is 
begun by placing the specimen in the 
vacuum restraint system, engaging the 
load frame, and setting the bell jar to en
close the system. Initially, dry air (< 50% 
rh) is drawn through the specimen. Using 
the flow control valve, the rh in the cham
ber is slowly increased to the rh desired 
for the test. The specimen is held at the 
test rh for 30 min before the test begins. 
A computer controls the application of 
load and also records the load-strain data. 

We performed tests on two paper-
boards; a softwood kraft, material A1, 
formed on the FPL pilot machine, and a 

1100% Lake States softwood, unbleached kraft; 
grammage, 205 g/m2; density, 670 kg/m3. 
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Fig. 1. Composite load-strain curves for linerboard A and corrugating medium B. (a) Material A, MD; (b) Material A, CD; 
(c) Material B, MD; (d) Material B, CD. (ML87 5409). 

TABLE II 


where r(2) lists the correlation coefficients for where 

P = failing load (kN/m) 
L = load rate normalized with 

the data fit to Equation (2). Each value 
of a and b represents the fit to a total of 
18 data points, 6 data points at three rates 

S = initial stiffness (kN/m) 
L = load rate normalized with 

respect to 1 kN/m/s of load. respect to 1 kN/m/s 
a, b = constants. From Fig. 1, it also seems reason- c,d = constants 

Fitting our experimental data with 
Equation (2), using the least squares 
method, produces the regression coeffi-

able to consider an equation of the same 
form to relate initial stiffness to load rate. 
Using 

we obtain regression coefficients, c and d, 
shown in Table II; column r(3) shows 
correlation coefficients for the data fit to 

cients, a and b, shown in Table II. Column (3)S = d + clogL Equation (3). 
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The generally high values for 
columns r(2) and r(3) in Table II suggest 
that both compressive strength and initial 
stiffness vary in proportion to the 
logarithm of load rate. There are no com
parable compression data in the literature 
with which these results can be compared. 
Anderson and Sjöberg [5] conducted ten
sile tests at variable rates of strain cover
ing three orders of magnitude. They report 
that the initial modulus is unaffected by 
strain rate. Our compressive tests of 
materials A and B show a clear reduction 
in initial modulus at reduced load rates. 
The tensile case should be reexamined to 
resolve this apparent conflict. Moody and 
Koning [7] did not report on the relation
ship between stiffness and strain rate for 
corrugated containerboard. 

To examine rate-of-load behaviour, 
it is helpful to define a base value for stiff
ness and failing load in order to calculate 
a percentage reduction in compressive 
strength and stiffness per decade of 
decrease in load rate. We selected the y in
tercept value (1 kN/m/s), column b for 
strength and column (d) for stiffness, as 
the base. Columns a and c in Table II 
represent the rate of decline in failing load 
and initial stiffness, respectively, per de
cade decrease in load rate. For material 
A, machine direction and 50% rh, we cal
culate that the percentage reduction in 
compressive strength per decade of 
decrease in load rate, from columns a and 
b of Table II, is 0.214/5.48 × 100, or 
3.9%. Similarly, for material B, cross-
machine direction and 90% rh, the reduc
tion is 0.082/1.09 × 100, or 7.5%. Stiff
ness reductions can be computed in the 
same way. The percentage reductions in 
strength and stiffness per decade of 
decrease in rate of load are listed in Table 
III in the P% and the S% columns, 
respectively. 

The strength reductions, shown in 
the P% column of Table III, span the 
7.5% loss of strength per decade reduc
tion in strain rate for corrugated fiber
board reported by Moody and Koning [7]. 

Humidity 
Both strength and stiffness decrease 

as rh is raised from 50% to 90%. Strength 
and stiffness values are shown in Table I 
at columns C2 and P. The percentages of 
strength and stiffness retained at 90% rh 
(based on 50% rh values) are also shown 
in columns %C2 and %P. These strength 
retention values at fixed rate of load are 
comparable to those reported by Back [12] 
for similar materials. But strength reten
tion depends on load rate. Looking at 
Table III, we observe that the loss in 
strength and stiffness per decade reduc
tion in load rate is greater at 90% rh than 
at 50% rh. 

A Load Rate Model 
Objecting to the lack of physical 

significance of Equations (2) and (3), An
dersson and Sjöberg [5] modeled tensile 
strength data with an equation of the 
form 

(4) 
where 

P = failing stress 
s = strain rate 

= constants. 

The constant is called the rate 
coefficient. 

We used a combination of Equa
tions (1) and (4) to predict the shape of 
the load-strain curve as a function of load 
rate. This yields 

(5) 

where 

p = load/width (kN/m) 
= strain 

L = load rate normalized with 
respect to 1 kN/m/s 

C3, C4, ß = constants. 

Table IV shows the results of fitting 
Equation (5) with our data. When the 
load rate model, Equation (5), is com
pared with our composite fits of Equation 
(1), we find that the difference in load is 
consistently less than 10% over the full 
strain range. 

The rate coefficient indicates the ef
fect of load rate on the load-strain curve. 
In Table IV, we see that for both materi
als A and B the rate coefficient is larger 
at 90% rh than at 50% rh, which is con
sistent with the analysis in Table III. Based 
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on comparison of ß values, we observe 
that at 50% rh the cross-machine direc
tion is more affected by load rate, while 
at 90% rh the machine direction is more 
affected by load rate. This trend is also ap
parent in Table III. 

CONCLUSIONS 
We investigated the effect of load 

rate on two paperboards, in the machine 
direction and cross-machine direction, 
and at constant 50% and 90% rh. Our 
results indicate that the paperboards in 
this study were more adversely affected by 
reduced load rate at 90% rh than at 50% 
rh. We found that both compressive 
strength and initial stiffness vary in 
proportion to the logarithm of load rate. 
A model is presented which accurately fits 
the load-strain curves. The model shows 
that, for the paperboards tested, the 
machine direction is less sensitive than the 
cross-machine direction when tested at 
50% rh, but is more sensitive when test
ed at 90% rh. 
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ABSTRACT: This paper reports the effect of load rate and humidity on edgewise com
pression properties of paperboard. One linerboard and one corrugating medium were 
tested at three load rates; 263 N/m/s, 2.63 N/m/s, and 0.0263 N/m/s, underconstant 50% 
and 90% relative humidity (rh).Both paperboards exhibited lowercompressive strength, 
smaller initial stiffness, and larger failure strains as load rate was reduced. Compressive 
strength and initial stiffness were found to vary with the logarithmof loadrate. The results 
also show that the paperboards in this study were more affected by load rate at 90% 
rh than at 50% rh. The hyperbolic tangent model is extended to determine load as a 
function of strain and load rate. In this model, comparison of the machine direction (MD) 
and the cross-machine direction (CD) response shows that the CD is more sensitive to 
load rate at 50% rh, but that the MD is more sensitive at 90% rh. 

KEYWORDS: PAPER BOARD TESTS, HUMIDITY, EDGE CRUSH TESTS, LINER 
BOARDS, CORRUGATING MEDIUM, COMPRESSION STRENGTH, STIFFNESS, LOADS, 
DYNAMIC TESTS, MATHEMATICAL MODELS. 
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