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Preface 
 

Experimental mechanics forms the backbone for the development of various analytical and 
numerical approaches in engineering and science. This is particularly so in the area of stress 
analysis. A first course in the topic of strength of materials introduces the student to 
appreciate how structures resist loads acting on them and one learns the fundamental 
difference between how load bearing members resist tension/compression in comparison to 
bending or torsional loads. This knowledge can help a student to appreciate the use of 
hollow shafts, ‘I’ sections in the design of rails etc. but is limited in its scope for solving 
practical problems. A second course on Theory of Elasticity expands the scope but is still 
limited as solution to finite geometry problems or components having arbitrary shape cannot 
be attempted. It is only when a student learns a course on Experimental Stress Analysis or a 
course on numerical techniques like Finite Elements, he or she is better equipped to handle 
challenging design problems. 
  
 Although the development of Finite Elements has over shadowed the importance of 
experimental techniques for some time, for solving real life problems a combination of these 
two methodologies has paid rich dividends. Thus, providing training in experimental methods 
assumes importance. 
 

This is the first e-book on Experimental Stress Analysis. It has come about from 
teaching the course to graduate and undergraduate students for the last 20 years at IIT 
Kanpur and at IIT Madras. At Kanpur the course was taught conventionally using chalk and 
board with simple experimental demonstrations in the class using sheet polarizers, moiré 
gratings, soft models made of polyurethane and laser pointer/overhead projector to illustrate 
various experimental methods. But at IIT Madras the course has transformed into a 
multimedia course. At both places, the laboratory component of the course had twelve 
different experiments/demonstrations to supplement the theory learnt in the class. The 
student response, with critical inputs from at least eight batches of students, has greatly 
influenced the development of this e-book in many ways. The questionnaire used to get the 
student’s response is enclosed in the DVD or can be downloaded from the web.  
 
 With developments in application of image processing methods, computerized data 
acquisition and real time data processing using powerful computers, the experimental 
methods have come a long way. Though such developments have simplified the 
experimental methods, the attention to develop equipments/software for minimum user 
interaction has resulted in the cost of equipments to go up tremendously making it beyond 
the reach of educational institutions to have facilities for a range of experimental techniques.  
 
 Only when the fundamentals are learnt thoroughly, one can use these modern 
sophisticated equipments optimally. The focus of the present e-book is to present the 
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fundamentals of various experimental techniques in an interesting and captivating manner 
with the use of recent developments in multimedia technology. The book is replete with 
animations/simulations and actual experimental results which to an extent can offset the lack 
of a particular experimental facility in the teaching institute and help to convey the gist of the 
technique to the students conveniently. 
 
 This is the second e-book by the author; the first one being an e-book on 
Engineering Fracture Mechanics that has been well received by teachers and students 
across the world for its uniqueness in content delivery and it is the first of its kind in the 
world. This book also mimics the classroom environment by developing the concepts through 
a series of careful steps. Text and animations are juxtaposed on a single screen for 
convenient learning. The textual matter is in the form of points and in many cases it 
synchronizes with the diagram or animation. The mathematical derivations are developed 
such that the slides pause at predefined steps allowing the learner to think and answer or 
helping the teacher to make the class participate while using the e-book for teaching.  
 
 The animation sequence of the text and figures is carefully selected to aid 
understanding the concepts clearly. The slides can be replayed by using a replay button. 
Thus, while using the e-book the user has to participate in the learning process. It is 
suggested that the learner sits with a pen and paper and views the e-book on his/her 
computer to learn the course. The greatest advantage of the multimedia platform selected is 
that it allows the user to zoom-in to see details of the content. Suitable information is 
indicated in the respective slides to use this option for clarity. 
 

If the e-book is used by a teacher, a recommendation on what can constitute a 
lecture hour is provided as a separate file. This may be used as a guideline to prepare 
his/her lecture. This can also be used by a self-learner to pace the learning of the course. 
Apart from the mandatory clicks, each slide has a pause option to stop/interrupt the 
animation. This feature could be used by the teacher to give additional information on the 
subject matter than what is given in the book or use this option for innovatively involving the 
class in the learning process.  

 
 The material contained in this book is meant for a one semester, first-level course in 
Experimental Stress Analysis. 
  

Usually in a one semester course of about 42 lectures (3 credits), one has time to 
cover exhaustively only the popular and versatile techniques like photoelasticity and strain 
gauges. Nevertheless, with advancements in experimental methods, the students need to be 
exposed to a variety of them. With this in view, the book provides exposure to the students to 
ten different experimental methods and covers photoelasticity and strain gauges 
exhaustively. The material contained in the book can be covered in full only with 100 hrs of 
lecture. It is intentionally kept, so that the teacher can select suitable topics depending on the 
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audience. It may be noted that for most of the techniques discussed, dedicated text books 
are available. In some cases even handbooks and in others for each sub classification of the 
techniques, full fledged textbooks/ monographs are available. Thus the subject matter is so 
vast and the present book focuses only on the fundamentals or just highlights in several of 
the techniques. To know the details, the reader is advised to consult the references and the 
bibliography provided. 

 
The e-book has thirteen chapters. In each chapter, the contents page has an 

animation which indicates the learning goals for that chapter. Each concept of the subject 
matter is labeled as a slide heading. The slide headings are searchable and one can search 
within the full book. This feature helps to use the e-book as a reference source for an 
experienced practitioner. In addition this also facilitates the user to navigate through the book 
easily and design his/her own way of sequencing the delivery of the contents or provide 
additional information from his/her battery of presentations/animations. The Detailed 
Contents file has a complete list of the slide headings including the various links. The user is 
advised to keep a hardcopy of the Detailed Contents to plan the lectures. 
 
 Chapter 1 is an overview on mechanics of solids. It gives information on what is 
strength of materials and how theory of elasticity is different. Forms of Airy’s stress functions 
in Cartesian and polar co-ordinates are presented. Solutions to simple problems like beam 
under uniformly distributed load, infinite plate with a circular/elliptical hole subjected to 
uniaxial tension, are presented. The chapter highlights the value of strain (2000 µε) at 
yielding and also the role of elastic constants on three-dimensional field equations, which are 
crucial to the students from an experimental point of view.  
 
 An overview of experimental stress analysis is presented in Chapter 2. The basic 
difference between analytical, numerical and experimental methods is brought out initially. 
The classification of experimental methods as whole field and point by point techniques and 
the direct information provided by various experimental techniques are then summarized. 
One of the key concepts that need to be conveyed to the students at this stage is the field 
nature of stress, strain or displacements. Although the students have the idea of stress or 
strain at a point for simple problems, rarely they have had any prior exposure to their field 
nature. Only if they had gone through a course on Theory of Elasticity, they may have 
bothered to look at the displacement field! 
 

In order to appreciate the field nature of the stress, strain and displacement fields, 
the analytical solution and the fringe contours from various experimental methods are 
presented for a set of known problems with graded degree of complexity. Finally the problem 
of a spanner tightening a nut is considered to drive home the point that how the experimental 
and numerical methods are important in solving problems of practical geometry. The 
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example has also highlighted the basic difference between the information obtainable from 
experimental and numerical techniques.  
 

Physical principle behind the various experimental techniques of about ten in number 
(Strain gauges, Photoelasticity, Moiré, Brittle coatings, Holography, Speckle methods, 
Thermoelastic stress analysis, Digital image correlation, Caustics and Coherent gradient 
sensor) is then presented. The technique of Moiré is presented in a novel way from an 
engineering stand point. A brief discussion on naming the experimental techniques then 
follows. In order to highlight the utility of various optical techniques, the richness of fringe 
patterns in revealing various aspects of the problem is then presented. The ability of 
experimental techniques for multi-scale analysis and current trends in experimental 
mechanics are then highlighted. The chapter ends with certain thumb rules on the selection 
of appropriate techniques to solve problems.  

 
Links to this chapter provide brief information on variants of photoelasticity such as 

Transmission photoelasticity, Reflection photoelasticity, Three-dimensional photoelasticity, 
Scattered light photoelasticity, Integrated photoelasticity, Dynamic photoelasticity, Photo-
orthotropic elasticity, Photoplasticity and Digital photoelasticity. Sub links to a few of them 
provide a little more information on such variants. 
 
 Chapter 3 deals with Transmission photoelasticity. Sufficient background information 
is provided to appreciate the concept of birefringence, production of polarized light, calcite 
prism etc. The chapter is replete with innovative animations and makes the lecture class as a 
laboratory! (Indeed more than a laboratory as the zoom-in option could be used to advantage 
to visualize several subtle concepts of fringe fields) Mathematical treatment is through Jones 
calculus. The difficulties in three-dimensional photoelasticity and the innovative use of stress 
freezing to overcome this are presented at the end of the chapter. A highlight on integrated 
photoelasticity is also given at the end. To simplify the implementation of transmission 
photoelasticity in the laboratory, the method to cast sheets to make 2D models is provided as 
a link. 
 
 Methodology of photoelastic coatings is presented in Chapter 4. The use of 
correction factors for interpreting experimental data and the importance of Poisson ratio 
mismatch in evaluating the SCF (stress concentration factor) is brought out. Chapter 5 gives 
an exhaustive overview on Digital photoelasticity. Digital methods for fringe multiplication and 
fringe thinning by binary based algorithms and intensity based algorithms are presented 
initially. The paradigm shift in data acquisition and processing with the development of phase 
shifting methods is discussed next. Focus is on presenting the techniques that have stood 
the test of time and those used most widely. The use of a ten-step method is recommended 
to achieve accurate evaluation of both isoclinics and isochromatics.  Methods that are of 
historical value are put as links. The issues related to isochromatic-isoclinic interaction, 
resolving inconsistent zones in isoclinic phasemaps and ambiguous zones in isochromatic 
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phasemaps are explained lucidly. Different phase unwrapping strategies of isoclinic and 
isochromatic phasemaps starting from a simple raster scan to quality guided methods is then 
presented.  The need for smoothing the phasemaps and the use of outlier method for 
smoothing is discussed with a variety of examples.  
 

Use of three fringe photoelasticity (TFP) with its improvements such as refined three 
fringe photoelasticity (RTFP) and colour adaptation for solving industrial problems is brought 
out. The chapter also provides information on the various designs of the digital polariscopes 
available. Comparison of results of experiments with numerical techniques is essential and 
this chapter provides a novel approach of plotting fringe contours and phasemaps by post 
processing the finite element results. The technique is also extended to plot fringe patterns 
from stress frozen models, which could be used to advantage for evolving a proper slicing 
plan in three-dimensional photoelasticity. The developments of rapid prototyping had a great 
influence in photoelasticity as models made of stereolithographic process are 
photoelastically sensitive and amenable for stress freezing. Issues related to handling fringe 
patterns of stereolithographically built models are discussed next. Finally whole field stress 
separation by using the shear difference method is discussed. 
 
 The most versatile Strain gauge technique is presented in detail in Chapter 6. A 
strain gauge measures only a component of strain along the gauge length; this key concept 
is brought out clearly. The technological development of strain gauge as a strain measuring 
tool and the associated approximations necessary for its utility are briefly described. The 
various strain gauge alloys, backing and glues required for bonding are then presented. How 
and why temperature effects need to be addressed in strain gauge instrumentation is 
emphasized. Rosette analysis, use of two-wire and three-wire circuits are also included. 
Accounting for transverse sensitivity and also correction factors for special applications is 
then presented. The use of special gauges such as shear gauge, stress gauge and the 
principle of using a single strain gauge for stress intensity factor measurement are then 
presented. 
 
 Chapter 7 deals with strain gauge selection and installation. Strain gauge designation 
system given by two of the popular manufacturers is presented. The role of strain gauge 
selection rather than strain gauge design is brought out by giving a highlight of selected 
gauge patterns in the form of a link to give proper orientation to the beginners. Importance of 
strain gauge installation and a detailed step by step procedure for strain gauge bonding and 
soldering is then given. The chapter ends with techniques to assess the quality of the strain 
gauge bonding and to check the presence of voids. Thus, the information given in the book is 
not only meant for appreciating the theory behind experiments but also to practically 
implement the techniques in the field. 
 
 Strain gauge based transducers are given in Chapter 8, which is not usually 
discussed in a course on experimental stress analysis. However, inclusion of this makes the 
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book more versatile for a wider audience. The importance of accounting for second order 
effects in the design of spring elements for transducers is brought out. The role of 
photoelasticity to supplement the understanding of the transducer spring element is used 
judicially.  
 
 Technique of Brittle Coatings is discussed in Chapter 9. The main animation page 
clearly brings out the fundamental difference viz.; the use of incremental loading as against 
the measurement at a particular load in other experimental techniques is brought out. 
Chapter 10 presents the details of the method of Caustics. The basic mapping equations and 
the specific mapping equations for a few standard problems are given. Initial and caustic 
curves and methods to extract data are then presented. The formation of double caustics in 
birefringent specimen material is highlighted. 
 
 Chapter 11 provides a brief overview of a few selected techniques such as Moiré, 
Holography, Speckle methods, Thermoelastic stress analysis, Digital image correlation and 
Coherent gradient sensor. The focus is more on presenting the principles rather than 
providing detailed mathematical derivations or experimental arrangements. Though the 
material presented is concise, the carefully developed animations would greatly enhance the 
understanding of these techniques by beginners. The distinction between shadow moiré, 
projection moiré and reflection moiré has been brought out well by the animations. 
Holography as an experimental tool is discussed in this chapter. A brief discussion on 
rainbow holograms is included as a link to illustrate the other uses of holography. Basics of 
double-exposure hologram interferometry, concept of sensitivity vector, measurement of in-
plane displacements and method to obtain isopachics are discussed initially. The basic 
interpretational difficulties in evaluating the components of the displacement vector are 
brought out in this section. Some aspects of real-time hologram interferometry and time-
averaged hologram interferometry are also included. 
 

Beautiful animations illustrate the formation of speckles, properties of speckles and 
utility of speckle properties in measurements. Brief introduction to speckle photography, 
speckle correlation, digital speckle interferometry and shearography are then presented. The 
several challenges involved in Thermoelastic stress analysis (TSA) are then presented. 
Different measurement strategies such as SPATE and DELTATHERM are also discussed. 
The use of computing speed in making the white light speckle a convenient tool for stress 
analysis is then discussed. The approach of achieving sub-pixel processing accuracy and 
the scope for applying the technique to multi-scale analysis is then presented. The last 
section deals with Coherent gradient sensor and it is shown how it complements the method 
of caustics in analyzing crack-tip stress fields. The chapter finally ends with a bibliography for 
further study. The chapter also includes historical developments of holography and TSA as 
links. 
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Chapter 13 gives a set of sixteen assignment sheets covering the subject matter of 
this e-book. I will be grateful if readers bring to my attention any errors and omissions. 
Suggestions for improving the animation sequence are also welcome. 
 
 Apart from a three credit (42 lectures) first level course on Experimental Stress 
Analysis, with judicious planning, one can use the material in the book in a variety of ways to 
suit different audiences such as a one day course to senior executives on Experimental 
Methods (Chapter 2), one day course on Experimental Evaluation of Fracture Parameters 
(Selected portions of Chapter 2, Chapter 12), one day course on Strain Gauge Based 
Transducers (Chapter 8, Selected portions of Chapters 6 and 7) and three day workshop on 
Strain Gauge Technology (Selected portions of Chapters 6,7 and 8), a 2 credit course (28 
lectures) on Advanced Experimental Methods (Chapters 2, 10 and 11), a 2 credit course on 
Digital Photoelasticity (Chapter 5 and Selected portions from Chapters 1 and 2),  2 credit 
course on Strain Gauges (Chapters 1, Selected portions from Chapter 2, Chapters 6, 7, 8 
and 9), 3 credit course (42 lectures) on Photoelasticity (Chapters 1, 2, 3, 4 and 5) and so on.  
 
 Many good books already available on experimental mechanics/photomechanics 
have directly or indirectly influenced the subject matter presented in this e-book. My sincere 
thanks to all those authors. Many of the experimental fringe patterns and other systematic 
procedures illustrated in the e-book are specially commissioned to give a laboratory 
experience to the reader and are done at the Digital Photomechanics Laboratory at IIT 
Madras. The author is thankful to Prof. G. Subramanian, Prof. P. Venugopal, Prof. M. P. 
Kothiyal and Dr. Krishna Mohan of IIT Madras for permitting me to use their experimental 
facilities for recording some of the experimental results related to holography, speckle 
methods and moiré and also for permitting me to use some of their experimental results in 
the e-book. In chapters dealing with strain gauge technology, one would find a prominent 
presence of information from Vishay Micro-Measurements as the author has all the strain 
gauge equipments and consumables from them and many thanks to them for permitting me 
to use their material in this book. IIT Madras also has strain gauge equipments from HBM. 
The author is thankful to them for permitting him to use some of their product information in 
this book. 
 

Apart from this, many key experimental results from various sources are included in 
this book. My thanks are to the authors and copyright holders for permitting me to use such 
information in this book and wherever such materials appear, their contribution is 
acknowledged by a courtesy statement. Every effort was made to get copyright permission 
for the material used from other sources in this book. As and when a good figure was found 
to be appropriate, it was downloaded from the web. While requesting for copyright 
permission, in some cases the web addresses from which the original figure was 
downloaded has expired. Hence, the author could not get copyright permission explicitly for 
these few cases from the site from which the figures were downloaded. Nevertheless, a 
courtesy statement is mentioned for the web address, which was originally accessed.  
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 This e-book has received partial funding through the Golden Jubilee Book Writing 
Scheme of IIT Madras which was initiated by Prof. M. S. Ananth, Director IIT Madras. The 
author is thankful to the book screening committee for having approved this book as part of 
the scheme. The author is also thankful to Prof. G. Subramanian and Prof. A.R. Ganesan of 
IIT Madras for carefully going through some sections of the e-book for technical correctness 
and for their excellent suggestions that made this book more interesting. The help received 
from Prof. K. Mangala Sunder, Prof. K. Ramamurthy and Prof. Ajit Kumar Kolar is gratefully 
acknowledged. This book would not have been possible without the active support of my 
project associates Mr. R. Raja Guru Prasath and Mr. K. Srinivasan, my students Mr. K. R. 
Madhu, Mr. T. Kasimayan and Ms. Benolina Neethi Simon and my project mechanic Mr. K. 
Ramesh. My thanks are due to them. Initial contributions made by Mr. Sufal and Mr. 
Mathews Ooman towards this book and the help received from the IIT Madras web studio 
are acknowledged. My thanks are also due to the eight batches of students from various 
branches of Engineering at IIT Madras for their inputs at various stages of development of 
this e-book.  
 

Last but not the least; my thanks are to my family for their understanding and 
support. Particularly to my wife Smt. Anuradha Ramesh for taking care of tutoring the kids 
during their important stage of education and thus relieving the author to concentrate on the 
book. The book took almost eight years to come to this final shape. I had to go through trying 
times and my mother Smt. Jamuna Krishnamurthi was always encouraging me to complete 
the book as I was putting into action the dream of my grandfather in writing books! 
 
 I dedicate this book to my lineage of teachers and pioneers in experimental 
mechanics across the world. 
 
 
K. Ramesh 
13th March 2009 


