
Fractography: 
observing, measuring and interpreting fracture structure topography 

Fracture surfaces are produced by breaking a solid. The appearance of the surface, particu
larly the topography, depends on the type of material- for example, metal, polymer, ceramic, 
biomaterial, composite, rock, etc. - and on the conditions under which it was broken, for 
example, stress (tensile, shear, creep, fatigue, impact), temperature, environment (air, water, 
oil, acid), etc. This book describes ways of studying the surface topography using a wide range 
of techniques, and the interpretation of the topographical features in terms of the microstruc
ture of the material and the way it was tested. 

The level of interest and depth of understanding and interpretation in fractography vary 
from discipline to discipline. For that reason, the material in the book is presented at different 
levels and in a number of different ways. Each chapter opens with a feature image and an 
introduction highlighting important aspects treated in that chapter. Each chapter is copiously 
illustrated with line figures and half-tone images, accompanied by detailed captions describ
ing the techniques used in obtaining the images. The main text is also supplemented by foot
notes, which give additional technical details and the sources of information. 

Fractography has numerous applications in a wide range of materials, and is particularly 
relevant in materials science and to inter-disciplinary subjects involving materials science, 
including physics, chemistry, engineering, biomimetics, earth sciences, biology and archaeol
ogy. This book provides the basis for an understanding of deformation and fracture in all 
solids, for interpreting fracture surface topography, and for design of clear and unambiguous 
experiments involving many aspects of fracture in a wide range of solids. It will be used by 
senior undergraduates, graduate students, researchers, industrial scientists and engineers and 
failure investigation engineers. 

DEREK HULL has had a distinguished academic career in the Universities of Liverpool and 
Cambridge. His early research was carried out in the University of Wales, Cardiff, at the 
Atomic Energy Research Establishment, Harwell, and at Oxford University. He has held a 
number of Visiting Professorships and is a Fellow of the Royal Society and a Fellow of the 
Royal Academy of Engineering. He has consulted widely for government and industrial com
panies around the world. His two previous books on Dislocations and Composite Materials 
have been published in new editions with joint authors and are used extensively in undergrad
uate university courses in many countries. They have been translated into many languages. 
The present book draws on his research interests and benefits from the work of many of his 
research students and colleagues in a wide range of materials. He is Emeritus Goldsmiths' 
Professor of the University of Cambridge and his current affiliations are as Distinguished 
Research Fellow in the Department of Materials Science and Metallurgy, University of 
Cambridge and Senior Fellow, Department of Materials Science and Engineering, University 
of Liverpool, where he is continuing his research in fracture phenomena. 
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Preface 

Fractography is important in many fields of science and engineering. It is intrin
sically interesting because it provides insights into the nature of the solid state 
that are not otherwise accessible. The basic premise is that the topography of a 
surface created by a growing crack is characteristic of the microstructure of the 
material and the test conditions. By observing, measuring and interpreting 
the fracture surface topography it is possible to determine many features of the 
microstructure of materials and the mechanics of crack growth. 

The main result of a fracto graphic experiment is an 'image' of the fracture 
surface. This has to be translated into a three-dimensional impression of the 
surface topography. The process involves subjective factors. The quality of the 
image is a major factor in determining the effectiveness of the interpretation. In 
preparing this book every effort was made to obtain high-quality images, from a 
wide range of sources, and to reproduce them faithfully. The quality of images in 
books and journals is not always of a high standard and much important detail 
is lost in reproduction. Many authors kindly provided originals from their work. 
In some cases, good-quality images, that illustrate important aspects of the 
subject, are not available. These images are included even though the quality is 
poor. 

The book is for anyone with an interest in the topography of fracture surfaces. 
The level is appropriate for senior undergraduate students, post-graduate and 
research students, researchers, teachers, industrial scientists and engineers, 
failure analysis investigators and lawyers. It includes topics from many disci
plines. It is particularly relevant to the materials sciences and to inter-discipli
nary subjects involving materials science - physics, chemistry, engineering, 
biomimetics, earth sciences, biology and archaeology. The book is a basis for 
understanding the deformation and fracture behaviour of all solids, for inter
preting fracture surface topography, and for the design of clear and unambigu
ous experiments involving many aspects of fracture in a wide range of solids, 
from conventional engineering structural materials to naturally occurring 
solids. 

The level of interest and depth of understanding and interpretation required 
in fractography vary from discipline to discipline and within a single discipline. 
This wide range of interests is accommodated by presenting the subject at 
different levels. The book should be used with this in mind. The first two pages of 
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XIV Preface 

each chapter provide an introduction for those unfamiliar with the subject. A 
feature image highlights an important aspect that is treated in the chapter. Each 
chapter is illustrated with a large number of line drawings and half-tone images. 
These give a second level of approach. Extensive use is made of captions to 
describe the techniques used in obtaining images. The main text provides a third 
level of using the book. This is supplemented by footnotes. It is not necessary to 
read the footnotes to follow the text. The footnotes offer a fourth level and 
include details of sources of the information given in the main text. There is a list 
of references at the end of the book. 

In the first chapter emphasis is given to the subjective nature of fractography 
and the need to recognise scaling relationships between microstructural features 
and topographical detail. It includes an introduction to some of the main fea
tures of fracture mechanics. In Chapter 2 the representation of fracture surface 
images in diagrams that illustrate the main features of the surface topography is 
described. This is essential for communicating fractographic information and 
for making quantitative measurements. The chapter includes descriptions of 
some of the main techniques used in fractography by reference to fracture sur
faces that are readily interpreted and described because their shapes are familiar. 
The growth of cracks following three-dimensional, double-curvature surfaces, is 
described in Chapter 3. Such cracks are a significant feature of the fracture of 
brittle solids. The growth is constrained by the 'no-twist' rule. An account of the 
effect of stress fields that tend to cause evolving cracks to 'twist' and produce 
'river line' patterns is given in Chapter 4. The influence of stress intensity and 
crack speed on the roughness of fracture surfaces is described in Chapter 5. The 
chapter includes an account of methods of measuring surface roughness at 
different scales. 

In the next three chapters the emphasis is on fracture surfaces that are charac
teristic of materials with particular microstructural features and deformation 
characteristics; crystallographic cleavage is described in Chapter 6, interface 
and interphase crack propagation is treated in Chapter 7, and aspects of 
'ductile' fracture are covered in Chapter 8. An account of the fractographic fea
tures that result when the conditions driving crack growth are alternating, as the 
crack grows, is given in Chapter 9. These features give direct evidence for the 
speed of growth and are particularly important in the interpretation of fatigue 
failures. Finally, in Chapter 10 the applications of fractography, ranging from 
microstructural analysis to failure analysis, are described. 

The emphasis in the book is on the 'principles of fractography'. These relate 
primarily to the interaction between the stress conditions at the tip of a moving 
crack and the response of the material in the region of the crack. Many of the 
underlying concepts are accessible without addressing the detailed mathemati
cal and analytical procedures that provide the foundations to the development 
of the subject. Because the book is about the principles, and is relevant to all 
solids, the approach to detail, which is necessary in presenting observations on 
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Preface xv 

specific materials, is by way of example. Thus, in Chapter 6 on the fracture of 

crystalline solids, the examples illustrate concepts that can be applied to a wide 
range of crystalline materials. Reference is made to sources of images in books 

and journals, particularly fractographic atlases, that provide a wider collection 

of images. 
The emphasis on principles, and the factors that determine fracture surface 

topography, has influenced the way that related topics, such as fracture mechan

ics, microstructure and materials, and the techniques for observing and measur

ing fracture surface topography, are presented. All these topics are covered and 
are distributed throughout the book rather than in separate chapters. In this way 
it has been possible to provide a unified approach that transcends the boundar

ies determined by material groupings - metals, polymers, ceramics, biomaterials, 
rocks, composites, etc. and subject disciplines. It has also made it possible to 

transfer insights from one material discipline to another. Special mention must 
be made to microstructure. In many respects the detail of the fracture surface is 
unique to each material that is examined. It is assumed that readers have a 
knowledge of the microstructure of the materials in which they specialise. 

Postscripts 

There is a timelessness about fractography. Fracture surface studies have been 
made for hundreds of years. Even when Arthur C. Clarke's '3001 Odyssey' is 
fulfilled there will still be a need to evaluate structural failures, develop new 
materials and explore the inner structure of matter, even if it is on some distant 
planet. 

At a more esoteric level, as with the patterns of nature that have inspired men 

to speak of God, the images from fracture surfaces reveal their own unique pat
terns that have a beauty of their own; but 'beauty is in the eye of the beholder'. 

I am very conscious that I haven't done full justice to many excellent pieces of 
research involving fractography, up to this year, 1998. The 'image' of a fracture 
surface is often the most important experimental result. The advent of electronic 
imaging offers powerful new ways of collecting and communicating images but 
there is a real danger that access to high-quality images may be affected 
adversely. 

Derek Hull 
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