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There is uncertainty in everything we measure ! 

Where do uncertainties come from ? 
• The test setup and measuring instrument 

• Equipment calibration, measurement resolution, misalignment, software calculations … 

• The item being tested or measured 
• Homogeneity, stability, specimen size … 

• Operator expertise and skill 

• The test environment 
• Temperature, noise, vibration …… 

 

Why are uncertainties important ? 
• To quantify the quality of a measured value 

• To compare different measured values 
• e.g. Benchmarking of different systems/laboratories 

• To compare a measured value with theory 

• To compare a measured value with a permitted tolerance 
• e.g. instrument classifications, conformity assessment …. 
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• “Uncertainty” is an attempt to quantify measurement accuracy without 
knowledge of the true value 
 

• An uncertainty provides bounds around the measured value within 
which it is believed that the true value lies, with a specified level of 
confidence 
 

• It is only possible to state the probability that the value lies within a 
given interval 
 

• Probabilistic basis for uncertainty evaluation 

 

• “Error” is typically defined as: 

  error  =  measured value – true value 

• This implies a knowledge of the true value (not usually known) 
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Uncertainty versus Error 
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Uncertainty Classification 
• Sources of uncertainty are classified as Type A or Type B depending on the 

way their influence is quantified.  
 

• If the uncertainty is evaluated by statistical means (from a number of 
repeated observations) it is classified Type A, if it is evaluated by any other 
means it should be classified Type B 
 

• The values associated with Type B uncertainties can be obtained from a 
number of sources including calibration certificates, manufacturer’s 
specifications, data from reference handbooks, results of similar 
measurements carried out, or an expert’s estimation.  
 

• For Type B uncertainties, it is necessary for the users to estimate the most 
appropriate probability distribution for each source. 
 

• It should be noted that, in some cases, an uncertainty could be classified 
as either Type A or Type B depending on how it is estimated.  



www.npl.co.uk/science-technology/.../uncertainties-in-mechanical-testing-uncert 
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Uncertainties in Materials Testing (UNCERT) 
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UNCERT  Procedure 
Sources of Uncertainty in K1C testing 
(Uncert CoP3)  

• Developed by material testing experts 

• Following same format, in line with GUM 

• Worked examples included 



• FIA Regulations require that all metallic materials with a specific modulus, Espec, of over 35 
GPa/gcm-3 must be supplied for testing 

• No specific advice or guidelines on test method 

• How to measure modulus – tensile or dynamic ?  

•  Only ASTM standards exist 

• NPL was approached to advise on testing and measurement issues  

• Initial tolerance was 40 +/- 10 GPa/gcm-3 
 

• Driven by interest in using MMCs 

• Combinations of metal and ceramic 
- Typically Al, Ti, Steel alloys 
-  with SiC, Al2O3, TiC, TiB2 
-  Particles, whiskers, fibres 

• Properties can be tailored by  
varying Vf of reinforcement 
 

• Significant increases in specific  
strength & stiffness 

• Reduction in ductility and KIc
 

 
 

 

NPL Specific Modulus Testing 
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Figure taken from 

the Cambridge 

Engineering 

Selector (CES) 

 

Courtesy of Prof 

Mike Ashby & 

Granta Design 

 

 

Density

 (gcm-3)

Modulus

(GPa)

Espec

(GPa/g cm-3)

Al 2.70 73.0 27.0

Ti 4.50 120.0 26.7

Steel 6.90 210.0 30.4

Ni 8.83 190.0 21.5

Nimonic 8.37 218.0 26.0

Fe 7.87 205.0 26.0

Copper 8.93 121.0 13.5

Gold 19.30 80.0 4.1

Be 1.84 275.0 149.5

40 GPa/gcm-3 
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Based on these results the specific modulus for the batch of material should be reported as:   
Espec =  38.6   0.6 GPa / g cm-3  .. to a confidence level of 95%. 
  
This reported expanded uncertainty is based on a standard uncertainty multiplied by a 
coverage factor, which provides a level of confidence of approximately 95%.  

NPL Specific Modulus Uncertainty Budget 

X 

Results from tests on  
10 specimens from the batch Specific modulus Uncertainty Budget 
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The value of accurate measurement  
and low uncertainties 

Dedicated test method & accurate strain 
measurement permit subtle variations in 

material composition for 

maximum performance benefit 

Pushing it to the limit ! 

40 GPa/gcm-3 

 

40 GPa/gcm-3 

40 GPa/gcm-3 
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Mild steel (Unwin 1895)  

Scatter in Modulus data - Intercomparisons 

Nimonic 75: CRM 661 Modulus Data (2000) 
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• Improvement is still required ! 

• Dedicated test method and strain measurement 

• VAMAS TWA32 intercomparison activity  



•  Tensile test on a  fibre reinforced MMC  

•  70+ tests over 15 years to check set up 

•  Loaded elastically (to 0.1% (1000 µe)) 

•  Using strain gauges (Double sided strain measurement) 
NPL MMC "Reference Specimen" Test Data
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Value of “Reference Specimens” 



Useful links 

• GUM (& Supplements) 
www.bipm.org/en/publications/guides/gum.html 
 

• UKAS document M3003 
www.ukas.com/library/Technical-Information/Pubs-Technical-Articles/Pubs-List/M3003.pdf 
 

• NPL uncertainty guides 
www.npl.co.uk/publications/uncertainty-guide/ 
 

• JCGM: Joint Committee for Guides in Metrology            
www.bipm.org/en/committees/jc/jcgm/ 
 

• UNCERT Codes of Practice 
www.npl.co.uk/science-technology/engineered-materials/research/mechanical/uncertainties-
in-mechanical-testing-uncert 
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Mechanical extensometry 

Non contact  

video extensometry 

Strain gauges 

Conventional Strain measurement methods  
used in Materials Testing 
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Photoelasticity 
ESPI 

(Electronic Speckle Pattern Interferometry) 

Moiré/grating interferometry DIC (Digital Image Correlation) 

Spec image        Vector map         Strain map 

Non-contact Strain measurement methods  
used in Materials Testing 
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• Strain gauges 

• Extensometry 

• Full field imaging 

• Diffraction techniques 

• Residual stress measurement 

• Digital Image Correlation 

• Moiré Interferometry 

• Speckle Pattern Interferometry 

• ThermoElastic Stress Analysis (TSA) 

• Photoelasticity 

• Photogrammetry 

• Virtual Fields Technique 

• Acoustic emission 

• Magnetic methods 

 

 

 

Experimental mechanics “toolbox” 



 

• DIC provides direct comparison of displacement cf analysis  

    of complex fringe patterns (ESPI, Moiré) 

• Full field technique – wealth of information 

• Good spatial and strain resolution 

• Minimal sample preparation & long working distances 

• No laser safety issues (cf ESPI) 

• Insensitive to vibration and rigid body motion (cf ESPI, Moiré) 

• Applications are not material specific nor size dependent  

    - from NANO !! to large components 

• Relatively simple experimental set up (but computer intensive) 

 

• DIC is not cited in any Materials Testing Standards (but neither are strain gauges !) 

• Needs line of sight 

• DIC for test machine control ? 

• DIC is not suitable for all strain applications 
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Why DIC ? 
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Examples of DIC in Materials Testing 
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Helps to identify what is important and what can be controlled  
 
• Test setup 
• Camera alignment and stability 
• Lens distortions 
• Camera resolution and field of view 
• Lighting  
• Vibration 
• System/image stability 
• Surface pattern – scale, contrast,  

distribution of pattern features etc 
• User expertise 
• DIC software itself 
• Image preprocessing – averaging 
• Image noise 
• DIC subset/window size 
• Strain field uniformity  
• Number of images 
• Choice of reference image 

 
 

• DIC processing conditions 
• Correlation algorithms 
• Potential out of plane displacement – 

2D v 3D 
• Test environment 
• Temperature effects 
• Inherent material variability 
• Post processing of DIC data 
• Use of 3rd party software 
• Dedicated “fixed” setup cf multipurpose 
• ………..  
• ………..   
 
  

Potential issues contributing to DIC Uncertainty 



FIB Systems examined  

4x Zeiss, 2x Tescan, 1x FEI, 1x Jeol 

 

Representative images of the 
reference samples (Pt dots on Si 
wafer) 
- showing the variation in quality, 
noise and resolution 

iSTRESS Imaging & system performance tests 
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Test 2: After a Dwell  of 20 mins, 10 x 
images, No translation 
• Motion due to image drift (charging) 

and/or stage creep 
• Issue – in extreme cases had to 

change FOV to accommodate, 
reducing resolution and increasing 
potential uncertainty 
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Helps to identify what is important and what can be controlled  
 
• Test setup 
• Camera alignment and stability 
• Lens distortions 
• Camera resolution and field of view 
• Lighting  
• Vibration 
• System/image stability 
• Surface pattern – scale, contrast,  

distribution of pattern features etc 
• User expertise 
• DIC software itself 
• Image preprocessing – averaging 
• Image noise 
• DIC subset/window size 
• Strain field uniformity  
• Number of images 
• Choice of reference image 

 
 

• DIC processing conditions 
• Correlation algorithms 
• Potential out of plane displacement – 

2D v 3D 
• Test environment 
• Temperature effects 
• Inherent material variability 
• Post processing of DIC data 
• Use of 3rd party software 
• Dedicated “fixed” setup cf multipurpose 
• ………..  
• ………..   

Potential issues contributing to DIC Uncertainty 



Image sets for software testing and verification 
 

• Using High Contrast Image Set 2 

• 15 x 2D DIC image sets with different strain  
and displacement fields 

• Results show output for 0.1 pixel shifts from 
0 to 1 pixel in both the x and y, analyzed using  
standard NPL DIC conditions  
 

 

Variation in Vx 

Variation in Vy 

SEM DIC Challenge – NPL DIC analysis 
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Validation – using 4 pt bend elastic loading 
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Helps to identify what is important and what can be controlled  
 
• Test setup 
• Camera alignment and stability 
• Lens distortions 
• Camera resolution and field of view 
• Lighting  
• Vibration 
• System/image stability 
• Surface pattern – scale, contrast,  

distribution of pattern features etc 
• User expertise 
• DIC software itself 
• Image preprocessing – averaging 
• Image noise 
• DIC subset/window size 
• Strain field uniformity  
• Number of images 
• Choice of reference image 

 
 

• DIC processing conditions 
• Correlation algorithms 
• Potential out of plane displacement – 

2D v 3D 
• Test environment 
• Temperature effects 
• Inherent material variability 
• Post processing of DIC data 
• Use of 3rd party software 
• Dedicated “fixed” setup cf multipurpose 
• ………..  
• ………..   

 
 
  

Potential issues contributing to DIC Uncertainty 



INCLUDE 

VIDEO 
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Cross weld example 
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Helps to identify what is important and what can be controlled  
 
• Test setup 
• Camera alignment and stability 
• Lens distortions 
• Camera resolution and field of view 
• Lighting  
• Vibration 
• System/image stability 
• Surface pattern – scale, contrast,  

distribution of pattern features etc 
• User expertise 
• DIC software itself 
• Image preprocessing – averaging 
• Image noise 
• DIC subset/window size 
• Strain field uniformity  
• Number of images 
• Choice of reference image 

 
 

• DIC processing conditions 
• Correlation algorithms 
• Potential out of plane displacement – 

2D v 3D 
• Test environment 
• Temperature effects 
• Inherent material variability 
• Post processing of DIC data 
• Use of 3rd party software 
• Dedicated “fixed” setup cf multipurpose 
• ………..  
• ………..   

 
 

Potential issues contributing to DIC Uncertainty 
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iSTRESS Double Slot – DIC processing issues 
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iSTRESS Round Robin – Effect of Image averaging  
and different DIC software/users 

• Ring Core geometry in TiN coating 
• Good quality data  
• Milling in 25 steps, 10 images each step 
• Analysed using different DIC software 

using agreed parameters 
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iSTRESS Round Robin – Effect of Image averaging  
and different DIC software/users 

• Double Slot geometry in TiN coating 
• Poor quality data – noisy, poor contrast  
• Milling in 30 steps, 10 images each step 
• Analysed using different DIC software 

using agreed parameters 
 

• Data could be “improved” through 
significant post processing   
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Helps to identify what is important and what can be controlled  
 
• Test setup 
• Camera alignment and stability 
• Lens distortions 
• Camera resolution and field of view 
• Lighting  
• Vibration 
• System/image stability 
• Surface pattern – scale, contrast,  

distribution of pattern features etc 
• User expertise 
• DIC software itself 
• Image preprocessing – averaging 
• Image noise 
• DIC subset/window size 
• Strain field uniformity  
• Number of images 
• Choice of reference image 

 
 

• DIC processing conditions 
• Correlation algorithms 
• Potential out of plane displacement – 

2D v 3D 
• Test environment 
• Temperature effects 
• Inherent material variability 
• Post processing of DIC data 
• Use of 3rd party software 
• Dedicated “fixed” setup cf multipurpose 
 
Some will be more important than others 
 
Other uncertainties associated with the 
test method are also important and should 
be considered and included in the 
Uncertainty Budget  

Potential issues contributing to DIC Uncertainty 



More Useful links 

• SEM Challenge 
https://sem.org/dic-challenge/ 
  

• iSTRESS website 
 http://www.stm.uniroma3.it/iSTRESS 
 
TENSTAND reports and files 
http://www.npl.co.uk/science-technology/engineered-materials/research/mechanical/tensile-
testing-standards-and-tenstand/ 
  

• SPOTS  
http://cordis.europa.eu/result/rcn/83262_en.html  
 

• VAMAS website  
 www.vamas.org/  
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SEM DIC Challenge 

https://sem.org/dic-challenge/ 

https://sem.org/dic-challenge/
https://sem.org/dic-challenge/
https://sem.org/dic-challenge/
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iSTRESS Website 

http://www.stm.uniroma3.it/iSTRESS/ 
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TENSTAND website and files 

www.npl.co.uk/science-technology/engineered-materials/research/mechanical/tensile-testing-standards-and-tenstand 

 

TENSTAND outputs used and cited in new ISO 6892  Standard for Tensile Testing of Metals  
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SPOTS, VAMAS 

http://cordis.europa.eu/result/rcn/83262_en.html 

http://www.vamas.org 
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• Uncertainty budgets are useful to examine and optimise the test setup 
• Attention to detail is vital 
• Capture the best quality images possible 
• Understand what the DIC processing conditions do 
• Do a quick test – check the suitability of image/pattern quality & DIC settings 

 
• Reporting (proforma ?) 

• All relevant information 
• Images and displacement fields 
• DIC processing conditions 
• Calibration and validation checks 
• How the strain and displacements are calculated 
• Any post processing 
• Uncertainty  

 
• Use the Resources available 

• SEM Challenge images, UNCERT procedures, BSSM, GUM, Standards, DIC 
websites, User Groups etc 

 

Summary 


