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Bursting strength of paperboard and linerboard

1. Scope and summary

1.1  This method describes a procedure for measuring the bursting strength of paperboard, including
linerboard, employing a disk-shaped, molded diaphragm type instrument.

1.1.1  A specimen of board is clamped between two platens with circular openings in their centers.  An
expansible diaphragm is distended through the lower platen by means of hydraulic pressure until the specimen bursts.
The maximum hydraulic pressure when the specimen ruptures is recorded.

1.2  For the bursting strength of paper, see T 403 “Bursting Strength of Paper”; for that of corrugated and
solid fiberboard, see T 810 “Bursting Strength of Corrugated and Solid Fiberboard.”

2. Significance

The bursting strength test of paperboard, including linerboard, is a composite measure of certain properties of the
sheet structure, principally tensile strength and elongation.  In general, bursting strength is dependent on the type,
proportion, preparation, and amount of fibers present in the sheet and on their formation, internal sizing, and, to some
degree, the surface treatment.  While bursting strength is an empirical property, this test, in combination with grammage
(basis weight), serves to define “standard grades” in commerce.

3. Apparatus

3.1  Bursting tester, consisting of the following:1

3.1.1  Means for clamping the test specimen between two annular, plane surfaces having fine concentric tool
marks to minimize slippage.  The upper clamping platen (clamping ring) has a diameter of 95.3 mm (3.75 in.), a thickness
of 9.53 mm (0.375 in.) and a circular opening 31.50 + 0.03 mm (1.240 + 0.001 in.) diameter.  The lower edge of the
opening (side in contact with the board) has a 0.64-mm (0.025-in.) radius.  The lower clamping surface (diaphragm plate)
has a thickness of 5.56 + 0.08 mm (0.219 + 0.003 in.) with an opening 31.50 + 0.03 mm (1.240 + 0.001 in.) diameter.
The upper edge of the opening (in contact with the board) has a 0.40-mm (0.016-in.) radius and the lower edge of the
opening (in contact with the rubber diaphragm) has a radius of 3.18 mm (0.125 in.) to prevent cutting the rubber when
pressure is applied.
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3.1.2  The upper clamping ring is connected to the clamping mechanism through a swivel joint to facilitate an
even clamping pressure.  The openings in the two clamping plates are required to be concentric to within 0.13 mm
(0.0051 in.), and their clamping faces must be flat and parallel (see Appendix A.1.1).

3.1.3  A molded (disk-shaped) diaphragm requiring a pressure of at least 160 but not more than 210 kPa (at
least 23 but not more than 30 psi) to distend it to a height of 9.53 mm (0.375 in.) above the diaphragm plate (see
Appendix A.1.2.).

3.1.4  Means of forcing liquid into the pressure chamber below the diaphragm at a steady rate of 170 + 15
mL/min.  This pressure is generated by a motor driven piston forcing a liquid (glycerin) into the pressure chamber of the
apparatus (see Appendix A.1.3).

3.1.5  A pressure gage of the maximum reading or the lazy hand type.  The scale has a radius of 47.6 mm (1.875
in.) with graduations extending over a minimum are of 270  indicating bursting pressure in kPa (psi), with an accuracyo

of 0.5% of full scale and must have sufficient capacity so that all readings can be maintained in the middle half of the
scale.  In its operating position, have the gage inclined between horizontal and 30  from the horizontal.  When more thano

one gage is mounted on a single apparatus, only the gage on which the measurement is being made is open to the
hydraulic system so as not to reduce the rate of distension of the test specimen.

3.1.6  Calibrate the gages frequently enough to ensure their accuracy (once a week if in constant use, or before
using if they have been idle for a month or more).  Calibrate the gages while inclined at the same angle as used during
a test by means of a dead weight gage tester.  During calibration, apply the pressure so that the rate of travel of the needle
is similar to that when actually testing the board.  If a gage is accidentally subjected to a pressure beyond its capacity,
recalibrate it before it is again used (see Appendix A.1.4).

3.1.7  As an alternative to 3.1.5, a pressure transducer with suitable signal processing circuitry to display the
maximum bursting pressure may be used provided it gives comparable results.

4. Sampling and test specimens

From each test unit obtained in accordance with TAPPI T 400 “Sampling and Accepting a Single Lot of Paper,
Paperboard, Containerboard, or Related Product,” select 10 or more specimens, each with areas at least 100 x 100 mm
(4 × 4 in.), preferably larger.

5. Conditioning

Condition the specimens and make the tests in the conditioning and testing atmosphere specified in TAPPI T 402
“Standard Conditioning and Testing Atmospheres for Paper, Board, Pulp Handsheets, and Related Products.”

6. Procedure

6.1  Clamp specimen uniformly so that no slippage is visible during or after test.  On units with automatic
clamping devices, a minimum clamping pressure of 690 kPa (100 psi) is recommended.  Note that clamping pressure
= gauge pressure × (area of piston/area of clamp).

6.2  Apply the bursting pressure at the specified rate until the specimen ruptures.  Record the maximum
pressure registered by the gage.  Make an equal number of tests on each side of the sheet.  This is very important because
there is usually a significant difference between sides.

6.3  Make tests only in areas away from creases, imperfections, or visible damage.  Position the specimen
so that the clamped area is completely covered by the platens and the specimen extends beyond the clamped area.  After
each test, gently return the indicator needle of the gage or digital readout to zero.

7. Report

7.1  Report as test result, in kilopascals (pounds per square inch), to the nearest gage division.
7.2  For each test unit report:
7.2.1  Average of 10 test determinations, five from each side (if desired average from each side can be

reported).
7.2.2  Maximum and minimum values and/or,
7.2.3  Standard deviation,
7.2.4  Number of test determinations made.
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8. Precision

8.1  Repeatability (within a laboratory) = 6.4%
8.2  Reproducibility (between laboratories) = 10.6% in accordance with definitions of these terms in T 1206

“Precision Statement for Test Methods.”
8.3  These values were obtained in a round robin study among 60 laboratories on three board weights (NBS

Collaborative Reference Program).

9. Additional Information

9.1  Effective date of issue: January 19, 1994.
9.2 Hat type diaphragm.  An alternative instrument with a hat-shaped diaphragm may be used in a similar

manner, if prominently stated in the report.  However, in this case the above precision statement would not be applicable.
9.2.1  To change the diaphragm on instruments using hat-shaped diaphragms rotate the operating handle to start

the motor pumping cycle and then immediately return the handle clockwise to its top.  The machine will go through its
pumping cycle and stop with the diaphragm in its retracted position.  Unscrew the lower platen and remove the old
diaphragm and fiber spacer washer.  Wipe the diaphragm seat dry.  Insert a new diaphragm and place the fiber spacer
washer on the diaphragm shoulder, replace the lower platen and tighten it.

NOTE 1: Turning the lower platen tighter does not clamp the diaphragm; if leakage occurs, a second fiber spacer washer may be required.

9.2.2  Liquid is replaced under the diaphragm by means of a special glycerin gun.  A special bleeder tube,
designed for the removal of air, is built into the chamber.  Press the diaphragm toward the tube to remove the air, and
when a slight excess of liquid is observed, remove the filler gun, disconnect the motor, and rotate the operating handle
counterclockwise to the test position.  It will be found that this raises the diaphragm slightly.  While the operating handle
is in the test position, bleed fluid out of the chamber until the diaphragm is level with the upper surface of the lower
platen.  Close the valve and rotate the operating lever to the off position, replace the upper platen, and start the motor.
 The machine will automatically go through one test cycle and stop in position for a test.

9.2.3  The diameter of the upper clamping plate of the instrument using the hat-shaped diaphragm is 88.9 mm
(3.50 in.).  This results in a clamping area of approximately 54 cm  (8.4 in. ) compared to a diameter of 95.3 mm (3.752 2

in.) and an area of approximately 65 cm  (10 in. ) for the tester previously described.  The applied clamping pressure2 2

should be a minimum of 690 kPa (100 psi) as specified.
9.3  Related methods: ASTM D 2529 (technically identical) and ISO 2759.

Appendix

A.1  Calibration of apparatus (1, 2)
A.1.1  Platens.  The condition of the platens may be checked as follows:  Place a sheet of filter paper over the

lower platen and a sheet of pencil carbon paper face down on the filter paper.  Hold the upper platen so that it does not
rotate while the clamping pressure is applied.  When the clamp is raised and the paper is removed, a print of the platen
contact will be found on the paper.  Rotate the clamp through 90  and repeat the operation.  If the platens are in goodo

condition, a uniform print of the entire platen surface will be obtained.
Frequently, it will be found that the lower platen has been strained so that only the central portion will print.  If

this occurs, replace the lower platen.  If the print is heavy on one side, the platens are not parallel.  This may be remedied
by loosening the allen setscrew in the center of the yoke assembly which contacts the cylinder, rotating the cylinder in
the proper direction and relocking the setscrew.  In some cases, it may be necessary to loosen the cylinder nut so that the
cylinder can be rotated.

Check the lateral alignment of the platens when clamped together to make certain that the holes in the two platens
are concentric.  If the holes are not concentric, add shims between the cylinder and the yoke assembly or reduce the seat
to move the chamber with respect to the frame.

A.1.2  Diaphragms.  When diaphragms on instruments using the disk-shaped diaphragms are to be changed,
make sure that the control lever has been thrown into reverse and has returned automatically to neutral.  Turn down the
clamping wheel tightly to enable an easier removal of the diaphragm nut with the special spanner wrench.  When the
diaphragm ring has been completely unscrewed, raise the clamp and remove the demountable tripod.  The ring nut and
lower platen may then be removed easily.  Before inserting a new diaphragm, fill the chamber with air-free glycerin to
the top of the saucer-like depression so that it is even with the clamping ridges.  Keep these ridges clean and dry to
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minimize capillary leakage past them, and if any glycerin is spilled, wash the ridges with alcohol and wipe them dry.
Carefully place the new diaphragm on the surface of the fluid with the flat side down and the reinforced side up.  To
minimize the inclusion of air, place the diaphragm into place with a rolling motion starting from the rear of the surface
of the liquid and rolling it forward.  Place the lower platen on the diaphragm so that the small hole in the platen fits over
the pin at the rear of the cup, replace the diaphragm ring, and screw it down tightly, preferably after replacing and
clamping down the upper platen.

A.1.3  Hydraulic system.  The complete absence of air in the tester is very important, because any flow of
glycerin through the gage lines must be minimized.  For example, it has been observed that if two carefully calibrated
gages are connected to the tester and the pressure is applied simultaneously, there may be significant difference between
the two readings.  This difference may be caused by the presence of air in one of the gage lines, so that as the pressure
is increased and the air is compressed, a greater flow of glycerin results.  Because of the resulting greater attendant
frictional resistance to pressure transfer, there will be a lower reading in that gage.

Air is best removed from the system by pumping clean, air-free glycerin through it.  Glycerin may be freed of 
air by placing it in a sturdy vessel and applying suction.  Air bubbles will be seen to form, and when the vapor pressure
of glycerin has been reached, the glycerin will commence to foam.  At this point, the glycerin may be considered free
of air and ready for use.

To remove the air from the tester, remove the gages and tip it forward.  While in this position, open the gage
valves and engage the piston with the motor running.  The glycerin and any air present in the manifold line will then be
expelled.  As soon as the glycerin stops flowing, shut the gage valves tightly and tip the tester back to its horizontal
position.  If there are no gage valves, seal the gage line carefully with a tight plug before tipping it back, taking care that
no air is trapped.  Remove the diaphragm and add glycerin through the opening while retracting the piston, taking care
that no air is introduced.  (Glycerin may also be replaced without removing the diaphragm by use of a special glycerin
gun available from the manufacturer of the tester.).  The diaphragm is then temporarily replaced and the tester tipped
on end so that the piston is in the vertical position.  The plug at the top-most part of the glycerin chamber is then removed
and the piston again run forward to expel glycerin and any air which may have been trapped in the piston and cylinder
assembly.  The plug is then replaced, the tester set down, the diaphragm removed, and the chamber again filled with
glycerin while retracting the piston.  If care has been taken, all air should then be out of the tester.

A.1.4  Gages.  Before tests are made, make sure that the entire hydraulic system of the tester, including the inner
tubing of each gage (Bourdon tube) is full of liquid and is completely free of entrapped air.  If necessary, remove the air
in the Bourdon tube of a gage and replace it by glycerin as follows:  Insert two tubes of pyrex or metal through a rubber
stopper into the neck of a small vacuum vessel one-third filled with glycerin.  Have one tube extend almost to the bottom,
and the other extend to just below the stopper.  Connect the latter to a vacuum pump and with vacuum tubing connect
the other to the Bourdon tube.  Turn on the vacuum pump and tip the vessel just enough to uncover the tube connected
to the gage to ensure a minimum of back pressure while drawing air from the gage.  Continue the evacuation for several
minutes after the glycerin in the vessel appears to boil.  Tip the vessel until the end of the tube leading to the gage is
completely immersed in the glycerin and slowly admit air into the vessel.  This will force glycerin into the Bourdon tube.
If the air has been completely removed from the tube, a minimum of glycerin will be pulled out of it upon re-evacuating
the system.

Some gages are available with a bleeder mounted inside the Bourdon tube, which may be used to bleed off the
air instead of removing it by the vacuum procedure described.

References

1. Institute of Paper Chemistry, “A Method for Determining the Bursting Strength of Paperboard and Paperboard
Products,” Fibre Containers, February 1948.

2. McKee,  R.  C.,  Root, C.  H., and Ayre,  L.  R., “Instrumental and Operational Variables Influencing Bursting
Strength Results,” Fibre Containers, May, June, July 1948.

Your comments and suggestions on this procedure are earnestly requested and should be sent to the TAPPI Technical
Divisions Administrator. �
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