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Objectives
• To design, produce and test a measurement 
standard (reference material) suitable for the 
calibration of full-field optical techniques and 
instrumentation for strain measurement.

• To devise an appropriate calibration procedure 
(method of use) to be used with the RM. 



SPOTSApproach

1. Select and apply weighting to a list of desirable attributes* 
- Identify any essential attributes.   

2. Propose a set of candidate designs and evaluate them 
against the essential and desirable attributes.

3. Select preferred candidate designs and proceed with 
development and testing.  

4. Evaluate performance and implement further refinements.

5. Approval and acceptance, publication of specifications.

Rational Decision Making

* - Optical Division of the Society for Experimental Mechanics 
- Int. Conf. on Advanced Techniques for EM, Nagoya, Japan (ATEM 03)
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Related to virtual reference material
Traceable to international standards

Traceability to international standards via length

Independent of material properties

Based on strain rather than stress as the output

Simple to use

Portable 

Wide range of sensitivity

Includes rotation of strain direction

Includes rigid body displacement
In-plane capability

Out-of-plane capability

Temperature stable

Independent of scale

Time independent

Rate independent

Suitable for homogeneous illumination

Exhibits no hysteresis

Shear strain capability

Functions in both tension & compression

High frequency capability

Geometry includes cylindrical or rectangular cross-section

Self-contained i.e. requires no external loading

Instrumented with other strain or displacement sensors

Wide range of strain gradient

Includes discontinuities in displacement or strain field

Optical access

Rough surface (RA > 0.5mm)

Plane surface available 

Low cost
average spots

average

Mean + s.d = 3.77

Traceability to int. 
standards via length

In-plane capability

Exhibits no hysteresis

Easy optical access

Attributes
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Classification
i. Compression geometries 
ii. Diaphragm
iii. Bending beams
iv. Tension geometries

1. Brazilian disc
2. Brazilian diamond
3. Airbag/bladder
4. Diaphragm
5. Cantilever beam
6. 4pt/3pt bend beam
7. Tensile plate with hole
8. Curved tie-bar
9. Disc in diametral tension
10. S-shaped plate (pure shear)
11. Shape memory alloy specimen
12. T-shaped plate in 3pt bend
13. Cylinder with thin, inflated spherical end
14. Notched specimens (ASTM)
15. Refractive index change/glass specimen
16. Displacement control of rotating disc/ tilting plate
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• Four point bend  → Cal
• Brazilian disc      → ST
• Contact-pair → ST

Attribute evaluation too daunting
!

Upgrade attribute #23: 
Self-contained reference material

Candidate selection
Candidates from brain-storming
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• External loading interface
– Tension & compression

• Self-aligning
– Symmetry about loading axis

• Constant thickness
– Ease of manufacture

• Elastic deformation
– No plasticity in joints
– Plane sections remain plane

• Displacement controlled
– Traceable to length standard
– Strain independent of stiffness

Monolithic Design
Features

 



SPOTSParametric Design

12W

12W [ix]

W [i] W/5 [viii]

W [ii]3W [iii][v] W/5

W/2

W [xiv]

W

W/2

W

W/4

W/4

W/4 [xi]

W [vii]

3W

5W [vi]

χ

χ

χ [iv]

W [x]

W/2

W/2

≥W/4 [viii]

≥W/4

2W [xii]

2W

2W

0.4W [xii]

7W/10 [xiv]7W/10

7W/10

2W/3 [xiv]

Detail B

Detail A

W/2

rχ

rχ

rχ

rχ

r

χ

χ [iv]

W/3
W/3
W/3
W/3

12W

12W [ix]

W [i] W/5 [viii]

W [ii]3W [iii][v] W/5

W/2

W [xiv]

W

W/2

W

W/4

W/4

W/4 [xi]

W [vii]

3W

5W [vi]

χ

χ

χ [iv]

W [x]

W/2

W/2

≥W/4 [viii]

≥W/4

2W [xii]

2W

2W

0.4W [xii]

7W/10 [xiv]7W/10

7W/10

2W/3 [xiv]

Detail B

Detail A

W/2

rχrχ

rχ

rχ

rχ

r

χ

χ [iv]

W/3
W/3
W/3
W/3

W
Beam 
width



SPOTS

26W
vy

xx =ε

, 

26W
vy

yy
υε = 0=xyε

Calibration
Comparison with analytical solution

First prototype



SPOTSDesign Process

Initial 
Design

Design 
Constraints

Refined 
Design

FEM

Experimental
Prototypes

Manufacturing

Experiments

Final 
Design

FEM

Theoretical 
Analysis

Concepts



SPOTSExperimental Methods
• LVDTs and strain gauges   
• Thermoelastic stress analysis 
• Electronic Speckle Pattern 

Interferometry (ESPI) 
• Digital Image Correlation
• Grating Interferometry
• Photoelasticity
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Design refinements

Reduction in beam constraint
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1. Preparation and set-up.

2. Acquire strain field for prescribed field in gauge zone.

3. Repeat the above at five levels of displacement 
loading defined by nominally equal increments 
between 10% and 90% of the maximum load.

4. Report differences (d) and uncertainties (s2).

Methodology for use

( ) ( )∑

∑

=

=

−=

=

N

ji

N

ji

djid
N

ds

jid
N

d

1,

22

1,

),(1

),(1



SPOTS

• A novel measurement standard/RM based on a 
parametric design of a monolithic 4-point bend test has 
been developed (scalable, reproducible, reliable, cheap). 

• First prototypes of measurement standard produced and 
tested using 5 optical methods and LVDT/SGs, in 5 
different labs, different sizes and materials. 

• Performance of RM very promising in terms of 
repeatability, inter-lab reproducibility and ease of use.

• Calibration procedure (method of use) will be refined in 
the coming months and published at year-end.    

Conclusions
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Thank you!

European Commission 
Joint Research Centre (JRC), Ispra (VA), ITALY

Email to: maurice.whelan@jrc.it

www.opticalstrain.orgSPOTS ►


