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pressurised thick ring
9.3.3 Crack emanating from the inner boundary of an internally
pressurised thick ring
9.3.4 Crack in the tensile root fillet of a spur gear
9.3.5 Isochromatics-mixed-mode
10. SIF Evaluation by Holography
10.1 Isopachics in Mode I
10.2 Isopachics in mixed-mode
11. SIF Evaluation by Moiré
11.1 Multi-parameter displacement field (Mode I + Mode II)
11.2 Displacement field as a function of parameters (Mode I)
11.3 Displacement field as a function of parameters (Mode I + Mode II)
12. SIF Evaluation by the Method of Caustics
12.1 Introduction
12.2 Formation of caustics
12.3 Caustic curve
12.4 Initial curve

16

1b
Ic
le
le
1f
lg
1h
11

14
15
16
16a
17
18
18a
19
20
21
22
23
24
25
26



12.5 Crack-tip caustics for Mode I, II and Mode III loadings
12.6 Crack-tip stress field equations
12.7 Minimum size of initial curve for accurate determination of SIF
12.8 Mixed-mode caustics (Mode I + Mode II)
12.8.1 Determination of SIF ratio
12.8.2 Geometry factor f
12.9 Caustics in optically birefringent material
12.10 Elastic-plastic caustics
12.11 J-integral from caustics
13. SIF Evaluation by Strain Gauges
13.1 SIF evaluation using a single strain gauge
13.1.1 Strain field
13.1.2 Selection of alpha and theta
13.1.3 SIF evaluation by a single strain gauge — Summary
14. Other Applications of Strain Gauges
14.1 Crack detection gauges
14.2 Crack propagation gauges

Chapter 13: Exercise Problems

Assignment No.1: Review of Mechanics of Solids

Assignment No.2: Overview of Experimental Mechanics
Assignment No.3: Transmission Photoelasticity

Assignment No.4: Ordering of Photoelastic Fringes

Assignment No.5: Photoelastic Data Reduction by Least Squares Method
Assignment No.6: Photoelastic Coatings

Assignment No.7: Strain Gauges — |

Assignment No.8: Strain Gauges — 11

Assignment No.9: Strain Gauges — 111

Assignment No.10: Brittle Coatings

Assignment No.11: Digital Photoelasticity — I

Assignment No.12: Digital Photoelasticity — II

Assignment No.13: Digital Photoelasticity — III

Assignment No.14: Method of Caustics

Assignment No.15: Brief Introduction to Selected Techniques
Assignment No.16: Experimental Evaluation of Fracture Parameters
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The search feature accepts any of the word/phrases appearing in the detailed course
content including the Links for searching the course.
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Links in Chapter 1: Overview of Mechanics of Solids

1. Tension Test / Bending / Torsion / Buckling 1
e Tensile Test for a Mild Steel Specimen
e Tensile Test for an Alloy Steel Specimen
e Determination of Yield Point for an Alloy Steel Specimen
e Twisting of a Shaft under Torsion
e Bending of a Beam — Four Point Bending
e Buckling of Columns for Various End Conditions
2. Field Equations 5
e Equilibrium Equations
e Strain — Stress Relations
e Stress — Strain Relations
e Strain — Displacement
e Displacement — Stress
3. Basics of Photoelasticity 29
e Basics of Photoelasticity 1
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Links in Chapter 2: Overview of Experimental Stress Analysis

1. Variants of Photoelasticity 35
e Variants of Photoelasticity a

e Transmission photoelasticity 1

Reflection photoelasticity 3
Three-dimensional photoelasticity 4
Scattered light photoelasticity 6
Integrated photoelasticity 7
Dynamic photoelasticity 9
Photo-orthotropic elasticity 10
e Photoplasticity 11

e Utility of Variants of Photoelasticity 13

2. What is Phase? 43
e What is phase? 1

The labels in blue indicate the name of the Link and the number in blue font is the slide
number in the main chapter to which this link is attached.
Green font indicates that a sub-link is attached to this link.




Sub-Links to Variants of Photoelasticity
e Scattered light photoelasticity
e Scattered light photoelasticity

e Dynamic photoelasticity
e Dynamic photoelasticity

e Photo-orthotropic elasticity
e Photo-orthotropic elasticity
e (alibration of model material
e Shrinkage stresses/ residual birefringence

e Photoplasticity
e Photoplasticity

Links in Chapter 3: Transmission Photoelasticity

1. Production of Polarised Light
Historical Development
Polarizers in Sheet Form
Prism Polarizers
Polarization by Reflection
Polarization by Scattering

2. Calcite Prism
e (Calcite prism

3. Production of Polarised light
Historical Development
Polarizers in Sheet Form
Prism Polarizers
Polarization by Reflection
Polarization by Scattering

4. Understanding Isoclinics & Isochromatics
e Understanding Isoclinics and Isochromatics

5. Determination of &
o Determination of &

6. Photoelastic Sheet Casting
e Steps in Casting a Photoelastic Sheet
e Preparation of the Casting Mould
e Surface cleaning
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e (Cleaning the separator pieces
e Forming the mould cavity
e Spraying mould release agent
e (Casting mould assembly

e (Casting Calculation
e Resin and hardener for casting
e Mixing of resin and hardener
e Pouring
e Curing

e Taking the Cast Sheet from the Mould

e Checking the Quality of the Cast Sheet

7. Fringe Thinning
e DIP Methods for Fringe Thinning
e Fringe Thinning Methods
e Binary Based Algorithm
e Chen and Taylor Algorithm
e Intensity Based Algorithms
e Global method
e Edge detection
e Fringe skeletonization
e Fringe skeleton extraction for arbitrarily shaped fringes
e Global Fringe Thinning Algorithm
e Fringe Thinning for Calibration
e (0 deg OR 90 deg
® 45 deg OR 135 deg
e AND operator

Links in Chapter 5: Digital Photoelasticity

1. Mask Based Methods

Mask based methods

Mask based method — Yatagai et al
Mask based method — Umezaki et al
Other Mask based methods

2. PST — Historical Development
e Phase Shifting Techniques(PST)

e Transmission photoelasticity — Isochromatics/ both
isochromatics and isoclinics using Monochromatic
light source

e Four-step methods

e Ambiguity/Phase unwrapping

e Transmission photoelasticity — [sochromatics/ both

(e BEN o)\

O

13
16
19
20
21
23

AW N =

10
11
14
16
18
19
20
21
22

O BN =

~

20

66

12

24



isochromatics and isoclinics using white light source
Transmission photoelasticity — Isoclinics
Three fringe photoelasticity

Digital polariscopes

Dynamic photoelasticity

Reflection photoelasticity

Integrated photoelasticity

Plotting contours from FE
Stereolithography built models

Stress separation

Fourier transform

e Genesis of the Ten-Step Method
e References

Reviews/Books
Isochromatics/Isoclinics and Isochromatics —
Monochromatic source
Four-step methods
Ambiguity/phase unwrapping
Multi wave length

Isoclinics

Three-fringe photoelasticity
Digital polariscopes
Dynamic photoelasticity
Reflection photoelasticity
Integrated photoelasticity
Plotting contours from FE
Stereolithography

Stress separation

FFT

3. Jones Calculus — Details
e Generic expression for intensity of light transmitted in a
plane polariscope
e Generic expression for intensity of light transmitted in a
circular polariscope
e Generic expression for intensity of light transmitted in a
mixed polariscope

4. Fourier Transform Approach
e Frequency Domain Methods — Up to 90 images!

5. PST Algorithms
e PST Algorithms
e Role of Background Light Intensity
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e Paradigm Shift in Data Acquisition — Hecker and Morche [1986] 2

e Kihara [1990]
e Sarma et al. [1992]
® Dupré¢ et al. [1993]
e Performance of the Early Attempts
e Total Fringe Order along Isoclinics — Asundi [1993]
o Six-step Methods
e Patterson and Wang (six-step) [1991]
e Ajovalasit et al. (six-step) [1998]
e Parameter Estimation in Six-step Methods
e Improvement in parameter estimation by
Quiroga and Cano
e Four-step Methods
e Barone et al (four-step)[1997]
e Patterson and Wang (four-step)[1998]
e Asundi et al. (4-step)[1999]
e Ajovalasit et al. (four-step) [2002]
e Improved evaluation scheme for four-step algorithms
e Comparison of Isochromatic Phasemaps
e Poor Quality of Isoclinics from Six-step Circular Polariscope
based PST Methods
e Multiple Optical Arrangement

4
6

8
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11
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e Multiple optical arrangement to obtain intensity equations

of six-step algorithm
e Quarterwave Plate Error

e Choice of optical arrangements to minimise quarterwave

plate mismatch
e [soclinics from Plane Polariscope Based Methods
e Ramesh and Mangal [1999]
e Brown & Sullivan algorithm [1990]
e Petrucci [1997]
e Comparison of plane polariscope methods in
evaluating isoclinics
e Composite Methods
e Barone & Petrucci [2002]
e Ramji and Ramesh [2006]
e Barone & Petrucci (Results from theoretically
simulated images
e Ramji and Ramesh (Results from theoretically
simulated images)
e Robustness of the Ten-step method (Results from
theoretically simulated images)

6. Contribution by Quiroga

e Improvement in parameter estimation by Quiroga and Cano
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7. Other Image Representations
e Binary representation of isoclinics
e Dark and bright field isochromatics

8. Basic Data from Conventional Photoelasticity
e Basic data from conventional photoelasticity

9. Methods to Remove Ambiguity
e Methods to Remove Ambiguity
e Influence of the orientation of the model
e Interactive Approach to Obtain a Good Phasemap
e Various Class of Ambiguous Zones
e Simulated Dark Field Approach
e Disc under diametral compression
e New Methodology for Solving Subtle Ambiguous Zones
e Theta tolerance and delta threshold
e Ambiguity Removal by Negation Algorithm
o Ambiguity Removal for a Complex Problem
e Use of Finite Elements in Identifying Inconsistent and
Ambiguous zones
e [soclinic evaluation
® [sochromatic estimation
e Angle bracket subjected to compression
e Cantilever beam with central cavity under bending
e [ oad Stepping to Get Phasemaps Free of Ambiguity
® Mechanism of finding phasemap from dark field
images

10. Definition of xbn and ybn

e Boundary Identification

e Geometric Primitives

e Maintaining Continuity in Boundary definition
e Straight line
e Curved line

e Role of the Boundary Definition

e Definition of xbn and ybn

e Extraction of XBN information — Simply connected bodies
e Multiply connected bodies

11. Complete Set of Conditions

e Checking conditions for Adaptive Quality Guided Phase Unwrapping

Algorithm

12. Marking Outliers
e Marking Outliers
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13. Introduction to Rapid Prototyping

e Rapid Prototyping

e Model Fabrication in Stereolithography

e Scanning schemes

e Curing over the depth of the layer

e Minimising model distortion

e Minimising shrinkage stresses

e Choice of build styles

e Approximate properties of some stereolithographic resins

O 0 1N DN B W —

14. Robustness of the Ten-step Method

e Robustness of the Ten-step Method (Results from theoretically
simulated images) 1

15. Discretisation Examples
e Ring Under Diametral Compression 1
e Disc Under Diametral Compression

Sub-Link to PST Algorithms
e Quarterwave Plate Error
e Jones matrix of quarterwave plate with error ¢ 1
e Intensity of light transmitted by considering quarterwave

plate error 2
Intensity equation | considering quarterwave plate error 3
Graphical representation of error — I; 5
Intensity equation I, considering quarterwave plate error 6
Graphical representation of error — I, 8
Certain observations 9
Preferred optical arrangement for setting dark and

bright fields 10
Intensity equation |5 considering quarterwave plate error 11
Graphical representation of error — I3 12

Intensity equation l4 considering quarterwave plate error 13
Intensity equation Is considering quarterwave plate error 14

e Intensity equation lg considering quarterwave plate error 15

e Expressions for photoelastic parameters if only left or
right circularly polarized light is used 17

e [soclinic and isochromatics parameters with judicious
combination of left and right circularly polarized lights 18

e Variable quarterwave plate error distribution 19

32

24

135

96

158



Links in Chapter 6: Strain Gauges

1. Kelvin
e Lord Kelvin (1824 — 1907)

2. Development of SR-4 Gauge
e Development of SR-4 gauge

2. Wheatstone Bridge
e Sir Charles Wheatstone (1802 — 1875)

3. Hysteresis, Zero Shift — Definitions
e Strain Gauge Linearity, Hysteresis and Zero Shift — Definitions

4. Proof
e Proof

Links in Chapter 7: Strain Gauge Selection and Installation

1. Carrier Matrix (Backing)
e Carrier Matrix (Backing)

2. Foil Alloy
e Foil Alloy

3. Self-Temperature Compensation
e S-T-C Number

4. Grid or Tab Geometry

Grid or Tab Geometry
Linear Patterns

T Rosettes
Rectangular rosettes

5. Options (If any)
e Standard Options

6. Number of Measuring Grids and their Relative Position to Each Other
e Number of Measuring Grids

7. Strain Gauge Series
e Strain Gauge Series
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8. STC Number

e Self Temperature Compensation Number as used by HBM

9. Strain Gauge Training — BSSM
e Strain Gauge Training — BSSM (pdf)

10. Code of Practice — BSSM
e Code of Practice — BSSM (pdf)

Links in Chapter 10: Caustics

1. Values of ¢ and A

e Values of c and A
2. Initial curve and caustic curve

e Initial curve for Mode I
Equation of caustic curve (Mode I)
Crack-tip stress field equations (Mode II)
Initial curve for Mode II
Equation of caustic curve (Mode II)
Crack-tip stress field equations (Mode III)
Initial curve for Mode III
Equation of caustic curve (Mode III)
Summary of initial curve radii

3. Values of ¢ and A
e Values of c and A

4. Details of J-integral from caustics
e Details of J-integral from caustics
e Mapping equations of caustics using J
e J-integral from caustics — Summary

Links in Chapter 11: Brief Introduction to Selected Techniques

1. Historical development
e Historical development — Holography

2. Rainbow holograms
e Rainbow holograms
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3. Historical development
e Historical development — TSA

Links in Chapter 12: Experimental Evaluation of Fracture Parameters

1. Background information
e Plot of theoretical isochromatics
e Experimental isochromatics — for short cracks
e Modified Westergaard equations (Irwin’s modification)
2. Influence of sign of oy
Influence of sign of oo on Mode I isochromatics
e Influence of sign of oux on Mode I isopachics
e Geometrical features of Mode II isochromatics and isopachics
e Geometrical features of Mixed-mode isochromatics and
isopachics
3. Values of c and A
e Values of c and A

4. Initial curve and caustic curve

e Initial curve for Mode I
Equation of caustic curve (Mode I)
Crack-tip stress field equations (Mode II)
Initial curve for Mode II
Equation of caustic curve (Mode II)
Crack-tip stress field equations (Mode I1I)
Initial curve for Mode III
Equation of caustic curve (Mode III)
Summary of initial curve radii

5. Values of ¢ and A
o Values of c and A

6. Details of J-integral from caustics
e Details of J-integral from caustics
e Mapping equations of caustics using J
e J-integral from caustics — Summary

7. Strain Field at the Crack-tip (Mode I)
e Strain field at the crack-tip (Mode I)
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