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September 2012 

What Metallurgical Testing Results Really Tell You  

Clients sometimes mention that they’re not clear on what their lab test results really mean. The 
three most common lab tests for characterizing structural steel are tensile, hardness, and 
impact testing. This article describes each test and explains what the results tell you. 

 
TENSILE TESTING (Ambient or elevated temperature) 

Tensile testing involves gripping a rectangular or cylindrical 
specimen in a test apparatus and pulling the specimen at a 
specified rate of elongation until the specimen breaks. During 
the test, the applied force versus elongation are recorded to 
produce a failure curve.  

Typically, in the early stages of a tensile, the elongation of the specimen is proportional to the 
applied force, and the deformation is reversible; i.e. if the applied force was removed, the 
specimen would return to its original dimensions. However, as the load is increased, there is a 
point where plastic deformation starts to occur, such that if the load were removed, the 
specimen would not return to its original dimensions but would be permanently deformed. The 
maximum load that can be applied before permanent deformation starts to occur is known as 
the Yield Strength. 

In any load-bearing application, it is important to know the 
maximum load that can be applied before plastic deformation 
starts to occur. The response of any metal in a tensile test will 
depend on the metal’s history (heat treatment, forming, 
welding, etc.). The tensile test is therefore an important test 
for confirming that a metal will still be suitable for a given 
application after any prescribed treatments such as welding have been carried out. 

Tensile testing is also used to help characterize the way a material will perform under specific 
service conditions; for example, elevated temperature testing of steam line piping. 
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IMPACT TESTING (Charpy V-Notch, Drop Weight Test) 

Impact testing is used to determine the susceptibility of a 
material to brittle failure.  

The Charpy impact test is the most widely used type of impact 
test. In a Charpy impact test, a specimen of prescribed 
dimensions is prepared and a notch cut in the specimen. The 
specimen is then mounted and subjected to impact of a 
pendulum, as shown in the diagram at right, until the 
specimen fails.  

The energy required to break the specimen is measured, and indicates the material’s toughness 
at high rates of strain. Plotting the fracture energy versus testing temperature gives a ductile to 
brittle transition temperature curve (DBTT), that indicates the service temperature at which 
brittle behaviour would become a consideration for expected loads. 

As with other material properties, toughness can depend on the 
material’s history and service conditions such as temperature. 
Therefore, impact testing is used to help confirm a material’s suitability 
for a given application. For example, impact testing of welded material 
is done to confirm that that the material’s post-weld toughness will still 
meet design requirements. 

CLICK HERE FOR PHOTOS OF A CHARPY TEST IN PROGRESS 

 

 
HARDNESS TESTING (Brinnell, Vickers, etc.) 

Hardness testing is a measure of the resistance of a material to permanent indentation. An 
indenter of a specific shape and significantly harder than the test specimen, is pressed into the 
surface of the specimen using a predetermined force. Either the depth or the size of the indent 
is measured to determine the hardness value.  

Hardness testing is a good indicator of wear resistance. Hardness tests can also be used to 
determine the material's susceptibility to cracking under service conditions; for example, sour 
(H2S) environmental cracking. 

 

 

http://www.qualimet.ca/newsletterimages2007/charpy-test-sequence.pdf
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Unlike tensile and impact testing, hardness testing gives a 
relative result, not an absolute one. Different test methods 
use indenters of different material properties and shape. Also, 
a specific test method may use different testing loads. 
Therefore, hardness testing results must always specify the 
test method and test load used.  

Depending on the specific requirements of the hardness testing, the tested material may or 
may not be damaged by the test. For example, field surface hardness tests do not damage the 
material, but other types of hardness testing, such as weld procedure qualification testing, 
require that the material be sectioned and polished through the thickness in order to provide 
appropriate test results. 

 
SUMMARY 

The lab testing for your project is used to confirm that the final welded product has the 
characteristics required by the applicable codes and standards for your application. As part of 

Qualimet's comprehensive client service, your Project Manager will always be happy to 

discuss your test results with you and provide any necessary advice. For more information, 
contact Mike at 780-641-0750 or mike@qualimet.ca 
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