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Summary

Tensile tests were made on straight specimens of five widely different types
of paper, using the crosshead movement of the testing machine to measure
specimen elongation. Tests of specimens of various lengths showed that the
strength, stress at proportional limit, modulus of elasticity, and strain at
failure of the paper were dependent on specimen length.

An extensometer gage was devised to measure tensile elongation of necked speci-
mens of the same five types of paper. The results of tests in which the ex-
tensometer was used to measure deformations were compared with the results
of tests of straight specimens, 6 inches long and 1/2 inch wide, for which
elongations were measured by testing-machine crosshead movement. The com-
parison showed that the strength of necked specimens was slightly higher
than that of straight specimens 6 inches long. Stresses at the proportional
limit and moduli of elasticity, as determined from load-elongation curves
for which elongation was measured with the extensometer, were higher than those
determined from data, for which elongation was measured by head movement. The
strain at failure of the necked specimens was about the same as that of 6-inch-
long straight specimens whose elongation was measured by testing-machine cross-
head movement. The comparison of strain at failure by the two different
testing techniques will depend on the length of specimen selected for tests
using testing machine crosshead movement to measure specimen elongations. As
a result of these tests, it was concluded that tensile properties of paper
cannot be accurately determined by test methods using testing-machine head
movement to measure specimen deformations, and that these properties are best
determined by using a suitable extensometer to measure specimen deformation.

1Maintained at Madison Wis., in cooperation with the University of Wisconsin.
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Introduction

Many kinds of tests have been devised to determine various characteristics of
paper. Such tests have often been designed to represent or show significance
of performance of paper in certain applications. Tests to measure bursting
strength, crease retention, folding endurance, tearing strength, ring crushing
strength, tensile strength, and stretch have been correlated with perfor-
mance of various papers designed for particular applications. Not much has
been done to determine fundamental properties of paper, such as can be deter-
mined from stress-strain curves.

With the development of synthetic resins and adhesives that impart to paper
a high degree of permanent moisture resistance, new uses for paper are being
developed. Resin-treated paper is being used as a structural material for
such applications as paper-overlaid lumber and plywood for both exterior and
interior uses, paper honeycomb cores for sandwich, and paper of high wet
strength for containers. To facilitate proper design of such products, it
is imperative that the basic mechanical properties be determined for the
particular papers being used.

Because of the relatively low stiffness of paper or because the means for
determining actual stress-strain properties in tension were not available,
it has been widely assumed that extensions determined by measuring testing-
machine head movement were sufficiently accurate for the evaluation of ten-
sile properties of paper. The purpose of this project, was to devise a
tensile testing method for paper that would yield a complete stress-strain
curve for papers of any strength or stiffness. A second purpose of this
project was to compare the tensile properties of the paper as determined
from measurements of testing-machine head movement on a specimen similar to
that recommended in TAPPI Standard T 404 M-50, "Tensile Breaking Strength of
Paper and Paperboard," with properties determined from extensions measured
by a suitable deformation gage.

This report is presented in two parts. The first part presents the results of
tensile tests of five different types of paper whose properties were evalu-
ated from measurements of load and testing-machine head movement. The second
part presents information on the development of an extensometer for measuring
deformations of paper tensile specimens, the description of a technique for
its use, and the results of tension tests with the extensometer on specimens
cut from the same papers used in part I.

Tensile Properties Determined From 
Measurement of Testing-Machine Head Movement

Five different types of paper were selected for test. These papers, received
in 8- by 10-inch sheets, were:
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1. Bond paper made from spruce sulfite pulp and weighing 15 pounds
per 1,000 square feet.

2. Creped paper made from kraft pulp containing 50 percent of neoprene
and weighing 19 pounds per 1,000 square feet.

3. Overlay paper designed for use as an overlay sheet for plywood or
lumber, made from northern kraft pulp containing 20 percent of
phenolic resin, and weighing 70 pounds per 1,000 square feet.

1.. Linerboard made from northern kraft pulp and weighing 43 pounds
per 1,000 square feet.

5. Vulcanized fiber paper weighing 116 pounds per 1,000 square feet.

A small quantity of each type of paper was received for test. This paper was
stored in a room maintained at 73° F. and 50 percent relative humidity for at
least 1 week. This was done to make certain that all sheets of each type of
paper had the same moisture content, so that test results would not be obscured
by variations in moisture content.

Test specimens 1/2 inch wide and 8 inches long were cut from each type of paper.
The thickness of specimens was measured to the nearest 0.0001 inch with a
dial-type micrometer. Specimens were placed on a flat, machined steel block
located beneath the dial. The foot of the dial contacted the specimen with
a slight amount of pressure, so that thickness measurements did not include
any waviness in the paper. The surface of the foot of the dial in contact with
the specimen was a flat, machined, circular area 3/8 inch in diameter. The
width of specimens was measured to the nearest 0.001 inch with a micrometer.

Specimens of vulcanized fiber paper were cut so that the principal direction
of fiber orientation of the paper was parallel to the specimen length. Speci-
mens from the other papers were cut so that the principal direction of fiber
orientation was perpendicular to the length of the specimen.

Tensile tests of specimens were made on a test machine that used mechanical
drive and employed an electric resistance-type strain gage within the load
cell for measuring loads. The test machine was equipped with an autographic
recorder for plotting load and testing-machine crosshead movement simultaneously.

A view of the apparatus for holding the specimen during test is shown in figure
1. This figure shows an extensometer mounted on a necked specimen for tests
that will be discussed in part II of this report. The arrangement for grip-
ping the specimens, however, was the same for straight specimens as for the
necked specimens. The ends of the specimens were held between 2 small, steel
plates, roughly 1 by 1-1/2 by 3/16 inch in size. Pressure on the specimen
located between these two plates was applied by turning the screw attached to
each plate. A fine grade of sandpaper was glued to the flat inner surfaces of
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these plates to minimize any slipping of the specimens. The lower specimen
grip was rigidly fixed to the testing-machine crosshead. The upper grip
was connected with the testing-machine load cell by means of a universal
linkage, thus allowing for free movement of the upper grip. A clamp consisting
of two half cylinders was placed over the universal joint to restrict its
movement while the specimens were being clamped in position. If this pre-
caution were to be neglected, the upper grip would be unrestrained, and as
a consequence, the specimen might be severely distorted when it was clamped
in position.

Tests were conducted on 6 specimens of each type of paper, with a free speci-
men length of 6 inches between the grips. Loads were applied through a con-
stant rate of head movement of 0.05 inch per minute. During test, an auto-
graphic record was made of load and testing-machine crosshead movement. From
these test data, values of modulus of elasticity, stress at proportional limit,
tensile strength, and strain at failure were computed. These values for each
of the 5 kinds of papers tested are presented in table 1. Failure of speci-
mens occurred at various points of the specimen length between the grips.
None of the specimens failed immediately at the grips.

It is reasonable,to question the validity of data presented in table 1, since
it has already been amply demonstrated by investigators testing other materials
that erroneous results can be obtained when testing-machine head movement is
used to measure specimen deformation. The reason is that the measured deforma-
tions will include not only slip of the specimen at the grips but they will
also include the machine tolerances between the specimen grips and the test-
machine crosshead. In addition, the deformation will include any slip between
the crosshead and drive screws and deformation of the crossheads. Other sources
of error in deformation readings might possibly be attributed to slip within
the autographic recorder. Since the actual deformations within the specimen
are small to begin with, any slip or deformation within the test machine need
not be very great to have a profound influence on test results.

If it is assumed that the total amount of slip falsely included as specimen
deformation by measurement of crosshead movement is constant for any given
load and specimen, then the computed strain at failure for a short specimen
would be greater than for a long specimen. Greater measured strains for short
specimens would result in a lower calculated modulus of elasticity for such
specimens.

To check this theory, tests were made on specimens of several lengths. One
specimen from each of 5 sheets of the 43-pound, kraft linerboard was tested
with distances between test grips of 1/2, 1, 2, 4, and 6 inches. All other
test conditions were the same as discussed previously, except that the testing-
machine crosshead speed was 0.033 inch per minute per inch of free specimen
length. Elongations were determined from crosshead movement.

From the test data, paper properties including strength, stress at the pro-
portional limit, modulus of elasticity, and strain at failure were computed.
The average values of these properties for specimens 1/2, 1, 2, and 4 inches
long were compared with the properties of specimens 6 inches long. The results
are shown in figure 2.
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Examination of figure 2 shows that specimen length has a distinct influence on
the measurement of modulus of elasticity, strain at failure, and stress at the
proportional limit. Strength, which is influenced to a much lesser degree,
shows a slight increase as the specimen length decreases. This difference
might possibly be attributed to the fact that a shorter specimen has fewer
chances for a flaw to occur within the area being tested. A similar group
of specimens cut from resin-treated kraft overlay papers showed about the
same results (fig. 3). These specimens were all tested using a crosshead
spread of 0.05 inch per minute regardless of the length of specimen tested.

The results of these tests on specimens of various lengths show that the
physical properties which were determined were dependent on specimen length.
Except for differences in strength, the differences in properties are attrib-
uted to slip at the grips and to slip and deformations within the testing
machine. Because tensile properties were shown to vary with specimen length
it appears that the true tensile properties of paper cannot be determined
from tests where testing machine head movement is used to measure specimen
deformations. It should be added that the effects of head movement could be
greatly minimized by choosing a very long test specimen; however, this would
probably also result in low values for strain at failure.

Tensile Properties Determined From 
Tests Using a Deformation Gage 

This part of the report presents information on the development of an exten-
sion gage for tension tests of paper as well as a comparison of paper prop-
ties that were measured using this gage with the properties presented in
part I,which were determined from tests using testing-machine crosshead move-
ment to measure specimen extensions.

The most difficult performance requirement of an extension gage for paper is
that it must not interfere with the behavior of the specimen during test.
The best of the commercially available gages appeared to be the Tuckerman
gaga2– because it is light in weight and requires very little force to actuate.
Consequently, the Tuckerman gage was tried first. To support the gage, a
1-inch-wide strip of metal was placed behind the paper tension specimen.
This metal strip was clamped into the lower grip of the test machine along
with the tension specimen. The gage was then lightly held against the speci-
men by a rubber band that passed around the gage and the metal strip. This
method for determining extensions was satisfactory; however, for most papers
the Tuckerman gage, which was originally designed to measure small strains
in metals, was far too sensitive and, therefore, required frequent resetting
during test. An indication of what sensitivity a proper deformation gage
must have was determined by measuring extensions of several types of paper
with the Tuckerman gage. Aided by this information an extension gage was

-A discussion of the Tuckerman gage is given on pages 150 and 151 of the "Hand-
book of ExperLmental Stress Analysis," by M. Hetenyi, New York City, 1950.
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devised to use the optical-lever system of the Marten's mirror extensometer.2
Figure 4 shows a drawing of the gage, and figure 5 a schematic drawing showing
how the gage was used to measure extensions of the test specimens. The gage
was held to the specimen by magnets (figs. 1 and 5) that were suspended on
knife edges. Both magnets were free to rotate about the pin from which they
were suspended. The magnets were also free to move toward or away from the
specimen within the limits of the length of the knife edge. Thus, if the
specimen was not in perfect vertical alinement at the start of the test, the
gage would not impose any restraint on the specimen when the applied load
caused it to aline itself with the test grips, and it was possible to begin
a test without putting an initial load on the specimen. Further, the magnets
could follow the movement of knife edges of the extensometer because they
were free to rotate about their pin support as the specimen stretched under
load. The gage was equipped with two mirrors. One mirror was fixed to the
body of the gage and the other was fixed to the moveable knife edge. When
the gage was placed on the specimen each mirror was at an angle of 45° to the
specimen, and the angle between the two mirrors was 90°.

During a test, as the paper is stretched, the moveable knife edge rotates

	

causing a change in angle,	 (see notation on fig. 5), and the deformation,
e, in the specimen is equal to asina. The angular change is measured by
projecting a beam of light that superimposes the image of a cross hair on the
fixed mirror of the gage. The image is then reflected 45° onto the mirror
mounted on the moveable knife edge, from which it is, in turn, reflected
another 45° to a calibrated scale. The point at which the cross-hair image
appears on the calibrated scale when there is no load on the specimen is taken
as the zero point. As the specimen is stretched, the image of the cross-
hair moves up the scale and the distance it travels beyond the zero point,

	

x, is equal to dtan2a.	 The angle of 2a is the angular rotation of the
cross-hair image because of reflection in the mirror. The deformation, e,
of the specimen can be calculated from the scale reading by using the formula:

/ 1	 -1 x

	

e = a sin( tan	 731-)	
(1)

where e - deformation of the specimen between knife edges of the gage.
a - length of the moveable knife edge.
x - distance that image of cross hairs transverses scale.
d - distance from the mirror to the scale.

If deformations are small so that a is 10° or less, then tan a sin a a
with small error, and the deformation can be calculated from the formula:

e = ax
2d

3A discussion of the Marten's Mirror Extensometer is given on page 146 of
the "Handbook of Experimental Stress Analysis," by M. Hetenyi, New York
City, 1950.

(2)
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The error introduced by using formula 2 instead of formula 1 is about 1 percent
for a = 10° and less for smaller values of a. If a scale curved to a radius,
d, is used instead of the straight scale shown in figure 4, it can be demon-
strated that an error of about 1 percent occurs for a 14°, and is less than
1 percent for smaller values of a.

After computing deformations, the strains in the paper can be computed from
the formula:

E = 
b
	

( 3 )

where b is the gage length of the extensometer. For some materials the deforma-
tions are very large, and formula 3 does not give true strain values. Such
materials often exhibit load-deformation curves that are entirely nonlinear.
For such cases the true strain can be computed from the formula:

Et = loge (1

The length of the moveable knife edge (distance, a, fig. 5) was 1/2'inch, and
the gage length or distance between the two knife edges of the gage was 1 inch.

The extensometer gage was calibrated by mounting the gage on strips of 0.015-
inch nonmagnetic steel that were divided at a point between the gage points
of the extensometer. The gage was held to the strip by magnets. The gage
could then be actuated in the same manner as if it were mounted on a specimen.
Before placing the gage on the metal strips, paper was bonded to each of the
strips to prevent the knife edges of the gage from slipping on the hard metal
surfaces. The gage was calibrated to measure extensions up to 0.1 inch.
Calibrations were made in an apparatus in which the movement of the knife
edge was measured with an optimeter (optical measuring device) and a series
of Johanson gage blocks. The optimeter can be used to measure to within 0.00001
inch over a total distance of 0.01 inch. Since the range of the optimeter was
limited to 0.01 inch, it was necessary to add Johanson gage blocks of thick-
nesses increasing by 0.01 inch. The addition of each gage block caused the
optimeter to return to its starting position and thus enabled the operator
to measure extensions for an additional 0.01 inch each time a gage block was
inserted. The gage was calibrated, and a distance, a, of 50 inches was such
that an extension of 0.0005 inch between gage points caused the cross-hair
image to traverse 0.1 inch along the scale.

Specimen Shapes 

A necked specimen (fig. 6) was selected as the best shape of specimen to use
with the extensometer, so that failure of the specimen would occur within the
gage length--thus giving a measure of extension at specimen failure and also
avoiding failure near the grips. To determine a suitable shape for the transi-
tion from specimen grip width to the reduced test area, specimens with a tran-
sition radius (1, fig. 6) of 1/4, 1/2, 3/4, and 2 inches were cut from two sheets
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of 43-pound kraft linerboard. Twenty strips 3/4 inch wide and 8 inches long
were cut on a paper cutter. The principal fiber direction was oriented per-
pendicular to the specimen length. The strips were then mixed and five speci-
mens for each shape were taken at random and cut to shape with a very sharp
knife. Tests of these specimens showed that the radius of curvature from
the gripped area to the reduced area had little effect on strength (fig. 7).
Tests had previously been made on other papers with a zero radius of curva-
ture. Specimens having a sharp change in width (R.0) when tested almost
always failed at the point where the specimen width was reduced.

After consideration of the results shown in figure 7, a specimen with a
transition radius of 2 inches was chosen. It is recognized that the choice
of specimen shape appears to be somewhat arbitrary inasmuch as it was based
on the results of tests of only one type of paper. However, it should be
added that specimens of similar shape have been used for determining the
tensile properties of plastics (ASTM Standard D638-52T).

Rate of Loading

To determine what testing-machine crosshead speeds should be used for tensile
tests of paper, strength tests at various speeds from 0.01 to 2.0 inches per
minute were made on one paper, a 43-pound kraft linerboard. Specimens for
these tests were cut 1/2 inch wide on a paper cutter and tested with 4-1/2
inches between the test grips. The results of these tests are shown in
figure 8 which shows that strength values increase as crosshead speed increases.
For the kind of paper tested, and under the conditions of test (75° F. and
50 percent relative humidity), the relationship between tensile strength and
crosshead speed can be expressed by F 290 log10y + 4140, where F is tensile
strength, and y is crosshead speed in inches per minute. The formula shows
that increasing the crosshead speed from 0.01 to 2.0 inches per minute, an
increase of 200 times, increases tensile strength about 19 percent.

It would be desirable to select a test speed such that slight deviations from
it would have only a minimum effect on strength values; however, it is more
important that test speeds be slow enough so that accurate load deformation
data can be obtained. Further, it should be noted that variability in specimens
of any lot of paper is apt to result in sizeable differences in tensile strength
at any given test speed. For example, at a crosshead speed of 0.5 inch per
minute the difference between the minimum and maximum strength values was 15
percent. To allow time for accurate measurements of load and deflection,
it was decided that a speed should be selected that would cause failure of
the specimen within 3 to 6 minutes. A test speed of 0.033 inch per minute per
inch of specimen length was selected.

Test Procedure

Six specimens of the shape and size shown in figure 6 were cut from the five
types of paper discussed in part I of this report. To provide a valid basis
for comparing test values of straight specimens in part I with test values
of necked specimens in part II , both types of specimens were cut from the same
sheet. Specimens of each type were cut alternately to avoid the effects
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of variations within each sheet of paper, :Specimen width and thickness were
then measured in the same way as in part I.

The test apparatus is shown in figure 1 and echematically illustrated in
figure 5. Loads were applied through a constant rate of testing machine cross-
head movement of 0.05 inch per minute or 0.033 inch per minute per inch of
length of the reduced section of the.speciMen. During test an autographic
record was made of load and testing-machine corosshead movement. Loads at
intervals of 0.00025 inch per inch extensions ', as determined by observation
of the extension gage cross-hair image were marked on the autographic load
head-movement curve by the testing-machine foperator. This was accomplished
by means of an electronic switching device on the test machine that created
a short vertical line on the autographic load crosshead movement record as
often as the operator pushed the switch button. The type of record made
is illustrated in figure 9. This switching device enabled the test-machine
operator to read the extensometer and record the load at regular intervals of
deformation. From these data, a load-strain curve was plotted on the same
graph.

Modulus of elasticity, stress at the proportional limit, tensile strength,
and strain at failure were determined for each specimen tested. These values
are presented in table 2. Also included in this table are data on the loca-
tion of failure to show whether failures occurred inside or outside the ex-
tensometer gage length. A graphical comparison of the properties determined
in part I from measurements of load and crosshead movement data-with properties
determined using the extensometer (part II) is shown in figures 10, 11, 12,
and 13. Figure 10 is a graph showing a comparison of tensile strengths of
straight specimens 6 inches long with strength of necked specimens. Figure
11 is a graph comparing stress at the proportional limit as determined by
tests in which deformations were measured with extensometer and by measuring
testingmachine crosshead movement. Figure 12 is a graph comparing the
moduli of elasticity, and figure 13, a graph comparing the strain at failure;
each determined by elongations measured with extensometer and elongations
determined by testing-machine crosshead movement. Figure 14 shows typical
stress-strain curves for the various papers tested.

Discussion of Results

Effect of Specimen Shape 
on Tensile Strength 

Tensile strength of specimens with a reduced cross section 1-1/2 inches long
at the straight portion were somewhat higher than the straight specimens 6
inches long that were cut from the same kinds of paper. Examination of figure
10 and the results presented in tables 1 and 2 show an average increase ;in
tensile strength of about 4 percent except for the creped paper which showed
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an increase of about 15 percent. Figure 2 shows that 1-1/2-inch straight
specimens of kraft linerboard were 7 percent stronger than 6-inch-long speci-
mens. This would indicate that the necked specimens with a reduced section
1-1/2 inches long were actually weaker than the 1-1/2-inch straight specimens.
The higher tensile strength reported for 1-1/2-inch straight specimens may
be due to restraint of specimens at the grips. This effect was also illustrated
in figure 2 where the strength for 1/2-, 1-, 2-, and 4-inch-long straight speci-
mens are compared with specimens of a 6-inch length. The specimens 1/2 inch
long were about 12 percent stronger and specimens 1-1/2 inches long about 7
percent stronger than specimens 6 inches long.

Stress at the Proportional Limit 

The tensile stress at the proportional limit was determined as the point at
which the load-deformation curve deviates from linearity. When taken from
curves of load and extensometer measurements, the stress was about 40 per-
cent higher than the stress at the proportional limit obtained from curves
plotted from load and testing-machine head movement data (fig. 11). Such a
relationship would usually not be expected, because experience with testing
techniques for other materials has shown that lower values for proportional
limit stress are more likely to be obtained as the technique for measuring
deformations is refined. It has already been shown in figure 2, however,
that stress at the proportional limit from load and head movement measurements
is greatly dependent on specimen length. That is, the shorter the specimen,
the higher will be the tensile stress at the proportional limit. From figure
2, it can be seen that the tensile stress at the proportional limit for speci-
mens 1-1/2 inches long is 66 percent greater than for 6-inch-long specimens.
This being the case, the proportional limit values based on crosshead move-
ment data for 6-inch-long specimens might be expected to be lower than the
proportional limit values determined from load-deformation curves for 1-1/2-
inch-long specimens where deformations are measured with an extensometer. A
comparison of these values plotted in figure 11 shows that stress at the
proportional limit from extensometer data was about 40 percent higher than
that obtained from testing-machine crosshead movement data on specimens 6
inches long.

A typical stress-strain curve for each of the papers tested (deformations
obtained using the extensometer) is shown in figure 14. For practical pur-
poses, these may be considered as true stress-strain curves for each of the
papers, as the difference between true strain (formula 4) and approximate
strain (formula 3) for all papers except the Swedish creped kraft is less
than 2 percent. For the Swedish creped kraft, which stretched the most, this
difference is less than 4 percent.

Modulus of Elasticity 

For most of the papers tested, the modulus of elasticity determined from exten-
someter data was significantly higher than the modulus of elasticity determined
from data where deformations were computed from testing-machine head travel for
a specimen 6 inches long. The higher the modulus, the greater the difference
Rept, No. 2066	 -10-



between values. For the stiffest paper tested, vulcanized fiber, this increase

amounted to 30 percent. Examination of figure 2 shows that even greater dif-
ferences would be expected if a specimen shorter than 6 inches were chosen
for comparison.

Strain at Failure 

Examination of figure 13 shows that the strain at failure when measured with
an extensometer was neither consistently higher nor lower than strain at fail-
ure for specimens where elongation was measured by head movement. The reason
that these values are not widely divergent is the fact that a sufficiently

long specimen (6 inches) was chosen for determination of strain at failure
by testing-machine crosshead movement. Figure 2 shows that if a shorter speci-
men had been used to measure strain at failure, the computed strains would be
greater than those for a 6-inch-long specimen. The advantage in using an
extensometer to measure deformations, however, is that it does not measure
any slip at the grips or deformations within the test machine. It can also
be used with necked specimens which make it possible to control the point at
which the specimen breaks.

Conclusions 

Tensile tests using testing-machine crosshead movement to measure specimen
deformations cannot be used to accurately determine the tensile properties
of paper. The extent to which stress at the proportional limit, modulus of
elasticity, and strain at failure as determined by crosshead movement will
be in error depends on the length of specimen chosen and the stiffness of the
paper tested. Very long specimens of papers of very low stiffness will yield
properties that most nearly approach correct values. It is doubtful, how-
ever, that many papers used for structural applications could be included in
this group. If an accurate measure of paper tensile properties is desired,
these properties are best obtained by use of a suitable extensometer on a
necked specimen. The extensometer described in this report has been judged
suitable because of its satisfactory performance on several papers having
modulus of elasticity values ranging from 55,000 pounds per square inch to
1,400,000 pounds per square inch and tensile strengths ranging from 750 pounds

per square inch to 14,600 pounds per square inch.
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1
Table 1.--Results of tensile tests- of various kinds of paper, using testinicy-machine 

crosshead movement to  measure elongation of specimens 6 inches long 

Kind of paper

Average

:

:

:

:
•

:

: Moisture content

Percent

:

:

:

Strength

P.s.i.

:	 Stress at	 :
: proportional :
:	 limit

P.s.i.

:	 992
:	 692
:	 793	 :
,	 728	 :
:	 798	 :
:	 7o8	 :

:	 785	 :
.	 :
:	 156	 :
:	 165
:	 166
:	 208
:	 167	 :
:	 98	 :

:	 160	 :

:	 976
:	 1,010
:	 1,220
:	 952
.	 1,250
•.	 958

•	 1,060
•

•	 776
732

•	 698
•	 898

788
:	 76o

775

:	 2,000	 :
1,960	 :
2,040
2,580	 :

:	 3,230	 :
:	 3,150	 :

2,490	 :

Modulus of
elasticity

P.s.i.

: Strain at
:	 failure

0.0371
.0332
.0317
.0432
.0271
.0363

:	 .0348

:	 .o587
:	 .o695
:	 .0725
:	 .0630
:	 .0503
:	 .0710

:	 .0642

:	 .0147
:	 .0164
:	 .0159
:	 .0145
:	 .0163
:	 .0174

:	 .0159

:	 .044o
.0322
.0342
.0437
.0358
.0450

.0392

.0688

.0637

.0668
:	 .0646
:	 .0642
:	 .0565

:	 .0641

5.7

5.8

4.7

6.8

6 .5

2,750
2,64o
2,580
2,660
2,510
2,470

2,600

598
678
68o
744
568
666

656

3,88o
4,180
4,120
3,970
4,090
4,220

4,080

3,630
3,270
3,090
3,640
3,390
3,72o

3,46o

14,400
13,400
14,100
13,900
15,200
13,800

14,100

361,000
346,000
381,00o
380,000
399,000
405,00o

379,000

48,100
48,20o
52,600
52,000
44,60o
51,000

49,40o

434,000
432,0o0
429,00o
454,000
417,000
46o,000

438,000

372,00o
382,00o
419,000
385,000
384,000
380,000

387,000

1,040,000
1,070,000
1,060,000
1,030,000
1,040,000
1,110,000

1,080,000

Average

Creped paper from
kraft pulp containing
50 percent neoprene
(19 pounds per 1,000
square feet)

Average

Overlay paper from
northern kraft pulp
containing 20 percent
phenolic resin (70
pounds per 1,000 square
feet)	 '

Average

Linerboard from north-
ern kraft pulp (43
pounds per 1,000 square
feet)

Average

Vulcanized fiber (116
pounds per 1,000 square
feet)

Bond paper from
spruce sulfite pulp
(15 pounds per 1,000
square feet)

Vulcanized fiber tested parallel to machine direction of paper.
lar to machine direction of paper.
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All others tested perpendicu-



Table 2.--Results of tensile tests-
1- of various kinds of paper, using an

extensometer of 1-inch gage length to measure specimen deformations 

Kind of paper : Moisture : Strength : Stress at 	 : Modulus of : Strain at
: content :	 : proportional : elasticity : failure

limit	 :

: Location of
:	 failure

Bonded paper from
spruce sulfite
pulp (15 pounds per
1,000 square feet)

Average :

Percent : P.s.i. P.(.[. P.e.i.

2,610 : 998 384,00o : 0.0410 Inside gage

2,730
2,520
2,990

:
:
:

1,260
1,200
1,340

407,000
401,000
433,000 :

.0265

.0445

.04211

: Outside gage
: Inside gage
: Outside gage

3,080
2,900

:
:

1,380
1,210

460,00o
433,000 :

.0407

.0392
: Inside gage
: Outside gage

5.7 2,805 : 1,230 420,000 .0390

795
75o
744

:
:
:

229
154
154

56,200
51,600
53,200

:
.0618
.0740
.0808

: Outside gage
Do.

: Inside gage

746 : 128 64,000 .0770 Do.

748
706

:
:

133
191

57,70o
46,50o

.0732

.o68o
Do.

Outside gage

5 . 7 : 748 : 165 54,900 .0725 :

3,950
4,330
4,190

:
:
:

1,680
1,430
1,760

466,000
522,00o
476,000

:

:

.0122

.0145

.0132

: Inside gage
Do.

: Outside gage

4,160 : 1,630 502,000 : .0135 :	 Do.

3,720
4,390

:
:

1,82,0
1,820

486,000
518,000

:
:

.0105

.0140
Do.

: Inside gage

4.7 4,120 1,690 495,000 .0130 :

3,660
3,240
3,520
3,620
3,810
3,580

:
:
:
:
:
:

1,270
1,100
1,260
1,010
1,000

926

384,000
406,000
394,000
481,000
437,000
463,000

:
:

:
:

.0495

.0275

.0392

.0413

.0442

.0375

: Inside gage
: Outside gage
: Inside gage
: Outside gage
: Inside gage

Do.

6.5 : 3,57o : 1,090 428,000 : .0399

14,100 : 3,120 1,280,000 : .053 8 : Outside gage

14,800 : 3,410 : 1,420,000 .0495. Do.

14,60o : 3,530 : 1,260,000 .0545 Inside gage

14,200 : 3,270 : 1,490,000 : .0505 :	 Do.

14,200 : 3,610 : 1,440,000 .0438 : Outside gage

15,500 : 3,700 : 1,480,000 .0479 Do.

6.5 14,60o 3,44o : 1,400,000 : .0500

Average :

Creped paper from
kraft pulp containing
50 percent neoprene
(19 pounds per 1,000
square feet)

Average :
•

Overlay paper from
northern kraft pulp
containing 20 percent
phenolic resin (70
pounds per 1,000 square :
feet)

Average :

Linerboard from
northern kraft pulp
(43 pounds per 1,000
square feet)

Average

Vulcanized fiber (116
pounds per 1,000
square feet)

1
-Vulcanized fiber tested parallel to machine

to machine direction of paper.

direction of paper. All others tested perpendicular

Rept. No. 2066



Figure 1. --Apparatus for tension tests of paper, showing
method of gripping specimens. Extensometer gage is
held to specimen by attraction from magnets behind
specimen.
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