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acoustic emission 261 
advances in fractography 40 
alumina reinforced with silicon carbide 

whiskers, fatigue of 283-4 
aluminium alloy (metal matrix composite) 

318-19 
aluminium alloys, 

corrosion factigue 290 
fatigue striations 259-60, 280-2 

aluminium, polycrystalline, chisel-edge 
fracture 225-6 

amorphous metals 243-4 
amorphous thermoplastics 41 
anti-plane shear (mode III loading) 74 

multiple cracking in 104 
applications, of fractography 293-338 
aragonite 214-6 
archaeology 38 
atlas, fractographic 5, 8 
atomic force microscopy (AFM) 

correlation with other techniques (epoxy 
resins) 147-51 

image of mica 163 
roughness measurements 132 

Auger electron spectroscopy (AES and 
SAM) 209 

back-scattered SEM image, E-glass 298 
basalt 39 
basalt columns 284-6 
basic longitudinal texture 248 
beach marks 332 
beetle shell 9 
bifurcation 124-5 

epoxy resins 130 
glass plates 330-2 
inorganic glass 145-6 
micro-bifurcation, macro-bifurcation 125 
Yoffecondition 145 

binocular vision 3 
bismuth, cleavage and twinning in 170 
blisters, in mica 165-6 
body-centred cubic (b.c.c.) metals 

cleavage of 183-7 
polycrystalline fracture 191-4 
progressive roughening in single crystals 

186-7 
bowing of cracks 98-102 

epoxy resin 110 
silicon carbide 110 

brittle films 21, 291 
bulging cracks 89 

calcite41,43 
crystallographic cleavage of 171-5 
micritic 44 
riverlines on 171-5 

calcium carbonate 43 
Cantor set 100 
carbon fibre reinforced plastic (c.f.r.p.) 9 

fatigue striations 282 
inter-laminar fracture 325 
inter-phase and interface fracture in 

transverse tension 203 
intra-laminar fracture 282,320-3 
longitudinal fracture, weakly bonded 314 
paths of fracture 202 
toughness of 312-27 
transverse fracture 202-3,319-23 

carbon fibres, microstructure of 298-9 
carbon replica TEM 306-7 
carbon--carbon composites, microstructure 

of 300-1 
case study of failure of storage tank 335-8 
chemical analysis of surfaces 207-11 
chemical composition gradient 297-8 
chevron patterns 8, 246 
chip formation 71-3 
chisel-edge fractures 

polycrystalline material 225 
single crystals 224 

chlorine-induced stress corrosion 333 
chocolate, microstructure of 305 
chopped strand mat 337 
classification of fracture features, in rocks 

251-2 
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cleavage fracture of metals 41 
coast-line of Britain 10 
cold drawing of polymers 228-9, 241 
columnar joints 286 
Comet aircraft, fatigue of 295 
compact tension (CT) test 22, 253-7, 273-5 
conchoidal fracture surfaces 37, 71-3, 297 
concrete 118-19 
confocal scanning light microscopy 56--7 

polyethylene, fracture of 253-6 
conic markings 140 
conical spiral cracks 69-71 
conjugate fracture surfaces 

C-Mn weld metal 31 0 
dimples 237-8, 248 
high strength steels 253-7 
polystyrene 179 
tungsten, polycrystalline 193 

contour map 4-5, 54 
determined by scanning laser confocal 

microscopy 254-7 
copper, creep cavities in polycrystalline 235, 

237 
corrosion fatigue 290 
crack 

mechanics of 23-33 
micro-mechanics of 23-33 
models of 15 
nucleation mechanisms 18-23 
origin of 17 
pre-existing 18 
round bends 87-90 
what is a? 14 

crack arrest, fracture toughness 276 
crack bridging, mechanisms 325-7 
crack evolution 16 
crack front pinning 279 
crack growth 

stable 33 
sub-critical 33 
unstable 33 

crack opening displacement (COD) 254 
crack opening modes 31 
crack speed, determination of 

other methods of measuring 270--2 
using stress wave fractography 268-70 
using Wallner lines 261-7 

crack tip unit vectors 16--17, 76--80 
craze microstructure 221,339-43 
crazing 20 

and fracture of polystyrene, 
interpretation of 339-43 

fracture associated with 242-3 
creep 235-7 

critical energy release rate 30 
cryo-fractography 303-6 
crystal structures 

body-centred cubic (hc.c.) 161 
hexagonal close-packed (h.c. p.) 162 
layer structures (mica) 162 
zinc blende 161 

crystallographic cleavage 19, 157-94 
cup-and-cone fracture 230--5 
cyclic loading 279-87 

damage mechanics 23-4 
damage zone 27 
dark-field microscopy 

calcite 173 
epoxy resin 278 
gallium arsenide 117 
principles of 172 

de Freminville 40, 84 
depth--composition profiling 210 
dessication cracks 87 
development of new materials 309-27 
diagenic processes 43 
diagnostic fractography 327-38 
diamond 41 
dimples 234-8 

on matching sufaces 248-9 
disappearing phases 288 
dislocations 19,94-8 
double cantilever beam (DCB) test 268-9 
double curvature 69 

growth of cracks with 90 
ductile fracture 219-58 

at tip of growing crack 244-9 
meaning of 219-23 

ductile striations 282 
ductile-brittle transition 28, 219-23 

compact tension tests 253-7 
role of inclusions 310--11 

dye penetration 142 
damage development in c.f.r.p. 325 

dynamic effects 33, 259-91 
dynamic stress intensity 128-130 

echelon cracks 85-6 
composite materials 321-3 
rocks 251-2 

edge-notched compact tension test 32 
elastic incompatibility 18 
electron back-scattering diffraction (EBSD) 

209 
electron-beam heating 288 
elliptical-shaped cracks, stresses around 

25-6 
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energy dispersive X-ray analysis (EDX) 59, 
209 

E-glass fibres 297-9 
environmental craze fracture 20 
environmental effects 289-91 
environmental SEM (ESEM) 305-6 
environmental stress cracking 180,243 
epoxy resin 

AFM observations 147-9 
bowed-out crack fronts 110 
chip cracks in 72 
correlation of roughness and microscopic 

observations 152-5 
crack bifurcation in 129-31 
fracture in composite materials 319-23 
mixed-mode l/III loading patterns 107 
river patterns in 92, 115 
roughness profiles of fracture surface 

134 
stop-go crack growth 273-9 
Wallner lines 264-7 

equiaxed dimples 235-7 

fatigue pre-cracks 22, 311-12, 245 
fatigue striations, aluminium alloys, c.f.r.p. 

280-83 
fatigue, 

aluminium alloy undercarriage 334 
Comet aircraft 295 
failure of heart valve 333 
failure of steel crank-shaft 332 
mechanical 21 

feather fractures 252 
fibre pull-out 316 
fibrillated fracture surfaces 

oriented polystyrene 229-30 
TPX220 

fibrillation in polymers 241-2 
fibrous fracture 253 
fibrous--cleavage transition 253 
filaments 108 

prismatic-shaped 109 
Fingal's Cave, Staffa 286 
fingering 243-4 

models for surface texture 248 
fixed-grip condition 28 
flint 6,73 

chemical composition gradient 297 
flint-knapping 71-3 
flutes, fluted river lines 116, 118 
formula 1 Grand Prix 295 
fossilised nano-bacteria 294 
four-point bend test 88 
fractal dimension II 

fractal geometry 10-12 
fractals 8 

Cantor set 100 
river lines 93 
roughness measurements 135 

fractographic sections 55 
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fracture appearance transition temperature 
(FATT) 295, 310-11 

fracture mechanics 23-33 
fracture toughness 31 
fragmentation 251 
FRASTA 57, 255-7 
freeze-fracture 303-6 

carbon replica TEM 307 
fretting 285 

gallium arsenide 117 
crystal structure 161-2 
fracture of single crystals 180-3 

geological equivalent 250-3 
geometrical constraint 76-79 
Giant's Causeway 39 
glass fibre reinforced plastics (g.r. p.) 

failure of tubes 325-6 
fracture paths 203 
river lines 115 
short-fibre reinforcement 322-4 
stress corrosion in (see stress corrosion) 
toughness of 312-27 
transverse fracture 202-3 

glass, inorganic 
AR-glass 105 
back-scattered SEM image 298 
E-glass fibres 21, 124 
mirror and mist topography 146 
soda-lime-silica, tensile tests on rods 

121 
static fatigue 290-1, 316 
ultrasonically modulated surfaces 269 
Wallner lines 264-7 

glassy solids 40 
Gombrich, Art and Illusion 3 
grain boundaries 195-6 

embrittlement 197 
graphite 8 
Griffith 24 

equation 28-30 
moving Griffith cracks 145 
size of mirror zones 125 

growth of cracks in mixed-mode 1111 81-7 

hackle, fracture surfaces 121-55 
stress intensity hackle 123, 128 
twist hackle 123, 128 
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Hertz 71 
cracks 22 

high impact strength polystyrene, roughness 
of fracture surfaces 137-9 

high-speed photography 271 
history of fractography 37-42 
hole-joining fracture 221 

quenched-and-tempered steels 313 
hole growth, at crack tip 247-8 
Hooke, Robert 35 

observations on Ketton stone 44-5 
Hopkinson bar test 261 
hydrides 289 
hydrogen embrittlement 197 
hydrostatic stress 227-34 

ice-cream, microstructure of 305-6 
ideal strength 21 
impact modifiers 307-8 
in-plane shear (mode II loading) 74 
inclusions, role of, in brittleness of steels 

309-12 
indentation cracks 22, 71 
Inglis 25 
injection moulded polymers 

hole-joining fracture 238-9 
microstructure 219-21 
TPX219-21 

inter-granular fracture, segregation of 
species 211 

intermetallic inclusion 235-7 
inter-phase 195-9 

fracture at 198-204 
structure 199-200 

interface fracture 195-217 
composites 312-27 

interference microscopy 
blisters on mica 176-7 
craze films on polymer fracture surfaces 

178-9 
inorganic glass 106 
interpretation of patterns 175 
measurements with 109-13 

inter-granular fracture 197-8 
intersection of cracks 84 
intra-laminar shear 115 
ion sputtering 210 
iron-3% silicon 

chisel-edge fracture 224--5 
crack nucleation in 231-2 
deformation twinning 143 
necking in single crystals 224 
twinning and cleavage fracture of single 

crystals 185 

iron silicide, atomic scale image 184 
Irwin 28 

father of fracture mechanics 310 

joints 251-2 
nomenclature 14 

Kettering-stone 36 
Ketton stone 35 

formation of 42-4 
Hooke's observations 44-5 
microstructure 43 
SEM images 64 

KevlarTM 49, fracture of fibre 242 
kinking, of crack 83 
Knoop hardness indenter 23 

lances 104, 108, 111 
latex particles, suspensions, microstructure 

of 307-8 
level difference lines 93 
light microscopy 45-52 

depth of field 47-49 
free working distance 47 
geometry of optics and specimen 50--1 
history 47 
illumination 51-2 
reflected and transmitted light 52 
resolution 47-9 

lines of curvature 76-9 
on a chip 79 
on prismatic surfaces 79-81 

liquid crystal polymers, microstructure of 
304--5 

liquid metal embrittlement 290 
lithium fluoride 97-8 
longitudinal waves, speed of 261 
low-angle boundaries 95-7 

mackerel pattern 342 
Mandelbrot 10 
Mars, meteorite 293-4 
mechanical fatigue 279-83 

mechanisms of 280 
metal matrix composite (m.m.c.) 

aluminium alloy with Altex ™ fibres 
318-19 

inter-phases 198-200 
titanium alloy with SiC fibres 198-200 

metallic glasses 243--4 
mica (muscovite) 41 

AFM image of cleavage surface 163 
cleavage of 94, 163-8 
crystal structure 162 
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micritic calcite 53, 64 
micro-branching 144-7 
micro-cracking at a crack tip 27 
Micrographia 35 
microstructural analysis, application of 

fractography 296-308 
microstructural dimension 12-14 
microtoming 302 
mirror fracture surfaces 121-55 
mirror zones, shape of 126 

inorganic materials 126 
single crystals of b.c.c. metals 126 

mist fracture surfaces 121-55 
mixed-mode cracking 33 
mixed-mode IIIII roughening 94 
mixed-mode loading 33,74-6 

mode IIIII loading in three-point bend 
test 104 

mode IIIII of a penny-shaped crack 
(Sommer's experiment) 103-13 

Moire fringes 110 
molecular weight, effects in polymers 41 
mollusc shell 9 
molybdenum, crystallographic cleavage 158 
mother-of-pearl, interface fracture 213-16 
mud cracking 86 

soil 87 
sol-gel 87 

multiple beam interferometry 41, 94 
muscle tissue, microstructure of 302-3 

nacre, interface fracture 213-16 
naked eye 45 
necking 223-5 
Nimonic™ alloys, inter-granular fracture 197 
no-twist condition 76-81 
normal stress law (Sohncke's) 169-70 
notches, stress fields at 227-8 
nuclear pressure vessel steels, safety 310 
nucleation 

cracks 17-23 
holes 234-41 
riverlines 117-18 

nylon-6, deformation and fracture 240 

oil/waterlsurfactant mixtures, 
microstructure of 308 

ooids 
microstructure of 43 
SEM images 64-8 

optical sections 52, 57 
orientation of cleavage facets, 

determination of 181-2 
ozone cracking of rubber 21,291 

parabola markings 
cross-linked polyester 248-9 
geometry of formation 140 
PMMA248-9 
polystyrene 179 
polyurethane 248-9 
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separation processes at crack tip 247-50 
shear rupture dimples 238-9 

Paris law 280 
path of fracture 17, 69 

inter-phase regions, composite materials 
201 

Ketton stone 68 
physical analysis of surfaces 207-11 
plane strain 30 

definition 225-8 
plane strain fracture 245-7 
plane stress 30 

definition 225-8 
plane stress fracture 245-7 
plastic cavities 20, 232-4 
plastic deformation 19 
plastic instability, load-displacement curve 

223 
plastic zone 27 
plate-like composites 9 
plumes 251-2 

patterns in basalt columns 285 
plumose lines 251-2 
polycarbonate-glass bead composites 323 
polyester, cross-linked, parabola markings 

248-9 
polyether-ether-ketone (PEEK) 321 
polyethylene, extruded 254-7 
polygonal fracture patterns 39 
polymer blends, microstructure of 304--5 
polymer matrix composite materials (see 

c.f.r.p. and g.r.p.) 
polymer matrix particulate composites 323 
polymers 

amorphous 20 
semi-crystalline 20 

polymethyl-methacrylate (PMMA) 41 
crack bifurcation in, roughness of 

fracture surfaces 137-9 
echelon cracks in 86 
four-point bend tests 88 
stop-go crack propagation 270 
ultrasonically modulated fracture 

surfaces 270 
Wallner line effects 272-3 

polypropylene 
microstructure of extruded 299-300 
spherulitic fracture 217 

Cambridge University Press
978-0-521-64684-0 - Fractography: Observing, Measuring and Interpreting Fracture Surface Topography
Derek Hull
Index
More information

www.cambridge.org© in this web service Cambridge University Press

http://www.cambridge.org/9780521646840
http://www.cambridge.org
http://www.cambridge.org


364 Index 

polystyrene 1, 7 
craze films on fracture surface 179 
crazing and fracture 144 
oriented, fracture of 229-30 
parabolas 141 
interpretation of fracture features 339--43 

post-fracture surface damage 285,289 
prismatic columns 286 
prismatic surfaces 79-81 

growth of cracks on 89-90 
process variables, effect of microstructure in 

thermoplastics 299-300 
process zone 27 
profilometry 132 

atomic force microscopy 132 
direct contact 132 
laser (non-contact) 132, 134 

programmed loading, in fatigue 280--1 
protein 8 

quantitative fractography 10, 56 
quasi-cleavage 194 

steels 311-12 

Rayleigh surface waves, speed of 261 
replica techniques in fractography 204-7 

direct carbon replicas 204 
extraction replicas 207 
two-stage plastic--carbon replicas 204 

resistance curve (R-curve) 326 
river line steps, separation mechanisms 

118-19 
river lines 91-119 

on amorphous brittle solids 103-13 
on crystalline cleavage 94-101 
stepson 102 
topographical features 91-3 

rock 
compressive shear failure 250--2 
echelon cracks 252 
echelon cracks in graywacke 86 
flint, chemical composition gradient 297 
fragmentation in 251 
Ketton stone (see Ketton stone) 
multiple secondary cracking in granite 

142 
source of tensile stresses 250 
surface markings on shale 82 
tribolites in shales 214-16 

root mean square roughness 130 
roughness measurements 131--4, 152--4 
roughness parameters 134-6 

average 135 
root mean square 136 

roughness profiles 129-36 
roughness 

micro-cracking 140-2 
origins of 139--47 
parabolas 140 
plastic deformation (twinning and slip), 

crazing 143 
secondary cracking 141 

rubber 
carbon-filled 208 
multiple cracking 104 
ozone cracking 291 
Wallner lines 264-7 

scale marker 8 
scaling 6-9 
scanning electron microscopy (SEM) 58 

back-scattered electrons 58-60 
characteristic X-rays 59 
contrast effects 61 
cryo-fractography 303-6 
environmental SEM 305-6 
geometrical factors 62-3 
image formation 59 
interaction volume 58 
resolution, magnification and depth of 

field 62 
secondary electron 58-60 

scanning transmission electron microscopy 
(STEM) 298-9 

scanning tunnelling microscope (STM) 132 
iron silicide 184 

secondary electrons (see SEM) 
secondary ion mass spectroscopy (SIMS) 

210 
sections 55 
seeing, aspects of 1 
self-similarity 11-12 
semi-crystalline polymers 219-21, 238--41 
serial sections 55 
shear bands, in amorphous metals 243 
shear lip 

cup-and-cone fracture 233--4 
zones in plate tests 246 

shear yielding 20 
short-fibre reinforced composites 324 
shrinkage cracks 70 
shrinkage-driven cracking 283-7 
side edge-notch compact tension test 129-31 
silicate glasses 22 
silicon carbide 8 

bowed-out crack fronts 110 
fibres 199 

silicon, chip cracks in 71-3 

Cambridge University Press
978-0-521-64684-0 - Fractography: Observing, Measuring and Interpreting Fracture Surface Topography
Derek Hull
Index
More information

www.cambridge.org© in this web service Cambridge University Press

http://www.cambridge.org/9780521646840
http://www.cambridge.org
http://www.cambridge.org


Index 

slickensides 250 
slip 19 

permanent slip band 21 
smoothly curving cracks 69 
soft materials, microstructure of 301-8 
soft tissue, microstructure of 302-3 
soil, mud cracks in 87 
sol-gel 9, 69 

mud cracks in 86--7 
Sommer's experiment 103-13 
spalling 261 
spark-induced cracking 23,158 
speed of sound 259-61 
spherulite 21, 217 

crystallisation 221 
deformation and fracture of 240 
inter-spherulitic fracture 217 

stable crack growth 33 
static fatigue of inorganic glass fibres 290-1, 

316 
steel 

410 stainless, shear rupture dimples 239 
C-Mn, appearance at FATT 311 
C-Mn weld metal, inclusion in 310-11 
cup-and-cone fracture 233 
dimples, at non-metallic inclusions 

235-7 
high-strength carbon, roughness of 

fracture surfaces 137-9 
high-strength, stretch zones in 254 
low-alloy 9 
quenched-and-tempered, quasi-cleavage 

194 
rotor, temper-brittle 3%Cr, I %Mo, inter-

granular fracture 197, 212 
steering column failure 295 
stereo-section fractography (SSF) 310-12 
stereo microscopy 64 

determination of topography in steels 
253-5 

gallium arsenide 187-8 
orientation of planar facets in Fe-3%Si 

189-91 
stick-slip (see stop-go crack growth) 
stone tools, flaked 37 
stop-go crack growth 262 

basalt lava flows 284--7 
experimental observations in epoxy resin 

273-9 
extruded polyethylene 255-7 
PMMA270 

strain-induced crystallisation 139 
stress corrosion 

case study 335-8 

glass reinforced plastics 314--19 
titanium alloys 116 

stress cracking, of polymers 290 
stress intensity factor 30 
stress intensity roughening 94 
stress whitening 240 
stress-wave fractography 267-70 
stretch zone 253-7 
striations 
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fatigue, aluminium alloy 259-60, 279-81 
fatigue, c.f.r.p. 282 
parallel to direction of crack evolution 

248 
sub-critical crack growth 33 
surface energy 30 
surface mapping 132 
surface reconstruction 288 
surface roughening 94 
surface roughness 121-55 

increase with crack speed and dynamic 
stress intensity 136--9 

roughness transitions 127 

Takahashi experiment 129-31 
taper section 55 
temper embrittlement 212 
tensile test 13, 268 
theoretical cohesive strength 21 
three-dimensional topography 35 
three-point bend test 104 

gallium arsenide single crystals 180-1 
through-field focusing 54 
tilt (crack tilting), definitions 76--9 
tilt boundaries 96 
tilting cracks 69-90 
titanium alloy 

as matrix for metal matrix composites 
199-200 

riverlines 116 
stress corrosion 115-16 

Tolansky41,110 
toughness of composite materials 312-27 
transformation toughening 139 
transient fracture surfaces 180,287-9 

use of carbon replica TEM 306--7 
transverse fracture 202-3, 319-23 
transverse shear waves, speed of 261 
transverse tensile fracture in aligned fibre 

composites, fracture path 202 
tribolite 214--16 
triple point 21 
tungsten 

inter-granular fracture 195-8 
polycrystalline fracture 191-4 
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tungsten (cont.) 
single crystals 186-7 
Wallner lines 264-7, 272-3 

tungsten--carbon alloy, roughness of 
fracture surfaces 137-8 

twin-matrix interface cracks, b.c.c., metals 
184-5 

twinning deformation, interaction with 
cracks 

bismuth 170 
iron-3%silicon 143,184-6,190 
zinc single crystals 166-70 

twinning, mechanical, deformation 10 
twist (crack twisting), definitions 76-9 
twist boundaries 97 
two-stage carbon replica, polycrystalline 

tungsten 195-6 

ultrasonically modulated fracture surfaces 
269 

unstable crack growth 33 
unzipping of cracks 

basalt columns 285 
epoxy resins 276-9 
single crystals 159-60 

vectors, at crack tip 16, 76-80, 164 
vein patterns 243-4 
void growth, mechanics of 222-3 

Wallner lines 262-7 
other Wallner line effects 272-3 

whisker single crystals 21 
wood 

birch (Betula), microstructure of 
301-1 

river lines, on redwood tree 114 
structure of 14 

X-ray photo-electron spectroscopy (XPS, 
SAXPS, iXPS) 210 

Yoffe, moving Griffith cracks 145 

zmc 
crystallographic cleavage 166-71 
deformation twinning of 166-71 

zirconium alloy (metallic glass) 244 
zirconium carbide, inter-granular fracture 

238 
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