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Tensile Testing of Rubber O-Rings 
According to ASTM D 1414

Precision Universal Testing Machine 

	� Introduction
O-rings are elastic seals with a circular cross section that 
are often used as gaskets to prevent gases or liquids from 
escaping connections between pipes, flanges, and pump 
components. In many applications, O-ring failures can 
have catastrophic consequences resulting in machinery 
damage or the release of hazardous substances. 
Potential causes of O-ring failure, include compression 
set (deformation of O-ring over time), abrasion, thermal 
degradation, and chemical exposure. Consequently, it is 
standard quality control protocol in the rubber industry 
to test the physical properties of O-rings and determine 
changes in properties due to aging and weathering. One 
such standard test is defined in ASTM D 1414 Standard 
Test Methods for Rubber O-Rings. This method describes 
procedures for evaluating the tensile and compression 
properties of O-rings as well as aging protocols, density 
measurement, and hardness measurement. The tensile 
testing of several O-rings according to ASTM D 1414 is 
described below.

O-rings are to be tested using grips consisting of ball-
bearing spools. Stresses are minimized by either rotating 
one spool continuously or by lubricating the contact 
surface of the spools with oil to prevent the samples 
from breaking at the grips. The recommended spool 
diameter is 9 mm; however, other spools can be used to 
test smaller diameter O-rings. Consult the latest version 
of the standard for the most accurate details of the test.

Due to the unique dimensions of O-rings, the equations 
used to calculate stress and strain are different than in 
other tensile tests. Shimadzu’s intuitive Trapezium-X 
and TrapeziumX-V software include convenient features 
specifically for O-ring specimen dimensions and the 
ability to input data constants and program custom data 
processing calculations. 

Figure 1: Shimadzu’s test frame software makes it easy to enter in O-Ring specimen dimensions
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	� Measurement System and Conditions
In this test, a Shimadzu AGS-X series precision universal 
testing machine was used. Three different O-rings were 
tested. Two nitrile rubber O-rings were tested, one with 
an inner diameter of 1 inch and thickness of 0.13 inches 
and the other with an inner diameter of 2 inches and 
thickness of 0.08 inches. A silicone O-ring with an inner 
diameter of 1 inch and thickness of 0.13 inches was 
tested. Samples were tested at 20 inches/minute until 
failure.

Figure 2: Shimadzu AGS-X Test Frame with Interchangeable Spool 
Grips

Table 1:  Specification of Test System and Conditions

Instrument AGS-X 1 kN

Grip  Spool Grips for O-rings with Custom 
Diameters

Software TrapeziumX

Test Speed 20 inches/min

Break Detect Sensitivity 10%

Data Processing Max Stress and Max Strain

Specimen Materials Nitrile and Silicone O-rings

	� Measurement Results
Figure 3 shows the measurement results on a stress-strain 
curve. All three specimens showed high elongation and 
sudden failures. The nitrile 1 inch O-ring had the highest 
tensile strength and strain. The 2-inch diameter, 0.08 
thickness O-ring was the next strongest, but had lower 
strain at failure. The silicone O-ring failed at a significantly 
lower stress and strain than the nitrile O-ring of 
comparable size. This specific silicone O-ring is designed 
for high-temperature use, so though it has lower strength, 
it may be usable in certain more demanding applications.

SHIMADZU Corporation
www.shimadzu.com/an/ 

SHIMADZU SCIENTIFIC INSTRUMENTS
7102 Riverwood Drive, Columbia, MD 21046, USA
Phone: 800-477-1227/410-381-1227, Fax: 410-381-1222
URL: www.ssi.shimadzu.com

For Research Use Only. Not for use in diagnostic procedure.
This publication may contain references to products that are not available in your country. Please contact us to check the availability of 
these products in your country.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of 
Shimadzu. Shimadzu disclaims any proprietary interest in trademarks and trade names used in this publication other than its own.
See http://www.shimadzu.com/about/trademarks/index.html for details.

The information contained herein is provided to you “as is” without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whether direct or indirect, relating to 
the use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and 
subject

First Edition: December 2022

© Shimadzu Corporation
© Shimadzu Scientific Instruments, 2022

Figure 3: Stress-Strain Curve of Three O-ring Specimens
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