
Appendix: Test

Test Questions

This test consists of two parts covering a total of 6 pages. Part I consists of 16
multiple-choice questions. Part II consists of 17 questions in the conventional
style.

Part I (32%)

Choose the best answer for each question.

1. (2%) In relation to structural vibration control, what is meant by active control?
a) Use of a viscoelastic material.

b) Use of a sensor.

c) Use of an actuator.

d) Combined use of a sensor and an actuator.

e) Energy dissipation.

2. (2%) Flexible graphite is a flexible sheet that is all graphite. The fabrication of
flexible graphite involves the following procedure:
a) Intercalation.

b) Exfoliation.

c) Intercalation and exfoliation.

d) Compression.

e) Intercalation, exfoliation, and compression.

3. (2%) The fabrication of high-strength carbon fiber from pitch fiber involves
the following procedure:
a) Carbonization.

b) Carbonization and graphitization.

c) Stabilization and carbonization.

d) Stabilization, carbonization, and graphitization.
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4. (2%) What is the main advantage of pultrusion compared to compression
molding for fabricating a continuous fiber polymer-matrix composite?
a) Higher fiber volume fraction.

b) Lower fiber volume fraction.

c) Long length of the resulting composite.

d) Composite has a constant cross-section.

e) Unidirectional configuration.

5. (2%) The rule of mixtures expression for the modulus of a unidirectional
continuous fiber composite is:
a) n = 0 for the isostrain situation and n = −1 for the isostress situation.

b) n = −1 for the isostrain situation and n = 1 for the isostress situation.

c) n = 1 for the isostrain situation and n = 0 for the isostress situation.

d) n = 0 for the isostrain situation and n = 1 for the isostress situation.

e) n = 1 for the isostrain situation and n = −1 for the isostress situation.

6. (2%) Give an example of a glassy sealant that is used to improve the oxidation
resistance of carbon–carbon composites.
a) HfC

b) B2O3

c) Ni

d) Si3N4

e) SiC

7. (2%) Describe the process of liquid metal infiltration involved in the creation
of a SiC particle aluminum-matrix composite.
a) Mixing SiC particles with molten aluminum and subsequent casting.

b) Mixing SiC particles with molten aluminum and subsequent spraying.

c) A SiC particle preform is created and molten aluminum is forced into the
preform.

d) Mixing SiC particles and aluminum particles and subsequent hot pressing
above the melting temperature of aluminum.

e) Mixing SiC particles and aluminum particles and subsequent hot pressing
below the melting temperature of aluminum.

8. (2%) Describe the coated filler method of power metallurgy that is used to
create a SiC particle copper-matrix composite.
a) Mixing SiC particles with molten copper and subsequent casting.

b) Mixing SiC particles with molten copper and subsequent spraying.

c) Mixing SiC particles and copper particles and subsequent hot pressing
below the melting temperature of copper.
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d) Hot pressing copper-coated SiC particles below the melting temperature
of copper.

e) A SiC particle preform is created and molten copper is forced into the
preform.

9. (2%) The rusting of iron in air involves the following anodic and cathodic
reactions:
a) Fe → Fe2+ + 2e− ; O2 + 2 H2O + 4e− → 4OH−

b) Fe → Fe2+ + 2e− ; O2 + 4H+ + 4e− → 2 H2O

c) Fe → Fe2+ + 2e− ; 2H2O + 2e− → H2 ↑ + 2OH−

d) Fe2+ → Fe3+ + e− ; O2 + 2 H2O + 4e− → 4OH−

e) Fe2+ → Fe3+ + e− ; O2 + 4H+ + 4e− → 2H2O

10. (2%) Figure A.1 shows specimen configurations for measuring the shear bond
strength between a ceramic and a metal (e.g., steel). In Fig. A.1a, the ceramic
is bonded to only one side of the metal. In Fig. A.1b, the ceramic is bonded
to both sides of the metal. The configuration in Fig. A.1b is advantageous
compared to that in Fig. A.1a. Give the main reason.
a) Larger joint interface area.

b) Larger amount of ceramic.

c) More brazing material.

d) The steel is better protected.

e) No bending moment during shear.

11. (2%) Why are both fine and coarse aggregates used in concrete?
a) To attain a low total aggregate volume fraction.

b) To attain a high total aggregate volume fraction.

c) To decrease the fluidity of the mix.

d) To increase the fluidity of the mix.

e) To increase the rate of curing.

Figure A.1. Specimen configurations for measuring the shear bond strength between a ceramic and a metal (e.g., steel).
a Ceramic is bonded to one side of the metal only. b Ceramic is bonded to both sides of the metal
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12. (2%) What is the main advantage of using activated carbon fiber rather than
activated carbon particles for water purification?
a) Faster water flow.

b) Greater surface area.

c) Larger pores.

d) Higher strength.

e) More flexibility.

13. (2%) Why are polymers typically advantageous compared to ceramics when
used as electrically insulating layers in microelectronics?
a) Higher thermal conductivity.

b) Higher coefficient of thermal expansion.

c) Lower coefficient of thermal expansion.

d) Lower value of the relative dielectric constant.

e) Higher value of the relative dielectric constant.

14. (2%) A Bingham plastic refers to the following:
a) A material that exhibits Newtonian behavior.

b) A material that exhibits elastic behavior.

c) A material that exhibits shear yielding.

d) A material that exhibits shear thinning.

e) A material that exhibits shear thickening.

15. (2%) In relation to viscoelastic behavior, the quantity tan δ refers to the fol-
lowing:
a) The ratio of the storage modulus to the loss modulus.

b) The ratio of the loss modulus to the storage modulus.

c) The magnitude of the shear modulus.

d) The product of the magnitude of the shear modulus and sin δ.

e) The product of the magnitude of the shear modulus and cos δ.

16. (2%) A remendable polymer is:
a) A thermoplastic polymer.

b) A thermosetting polymer.

c) A polymer that melts upon heating.

d) A polymer that decomposes upon heating.

e) A polymer for which the degree of crosslinking decreases reversibly upon
heating.
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Part II (68%)

1. (4%) Name two main advantages of high-modulus carbon fiber compared to
high-strength carbon fiber.

2. (4%) A piezoresistive material exhibits a gage factor of 22. The gage factor is
defined as the fractional change in resistance per unit strain. A piece of this
material has a resistance of 46Ω. What is its resistance when the strain is 4.5%?

3. (4%) A unidirectional continuous fiber composite contains fibers of modu-
lus 3.4 GPa. The fiber volume fraction is 57%. The modulus of the matrix is
0.12 GPa. Assuming that the bonding between the fiber and the matrix is per-
fect, calculate the modulus of the composite in the longitudinal direction (i.e.,
in the fiber direction).

4. (4%) In relation to carbon materials, the inhibition factor of a treated carbon
is defined as the ratio of the oxidation rate of untreated carbon to the oxidation
rate of the treated carbon. The oxidation rates are 9.9%/min for the untreated
carbon and 2.8%/min for the treated carbon. Calculate the inhibition factor.

5. (4%) The rate r of a thermally activated process relates to the activation energy
Q of the process by the equation

r = Ae−Q/RT

where T is the temperature in K (not in °C), R is the gas constant (a universal
constant equal to 8.314 J/(mol K)) and A is just a proportionality constant. The
rate at temperature T1 is r1 and the rate at temperature T2 is r2. Derive an
expression for Q in terms of T1, T2, r1 and r2.

6. (4%) Using a graph, define the plastic viscosity and the apparent viscosity.

7. (4%) τ = η ,

τ = τoeiωt ,

γ = γoei(ωt−δ)

In the above equations that pertain to viscoelastic behavior, τ is the shear
stress, γ is the shear strain, and η is the viscosity. Derive the equation

|η| = |G|/ω ,

where G is the shear modulus.

8. (4%) Using a graph of stress versus strain, explain the phenomenon of pseu-
doplasticity.

9. (4%) A brittle material is much stronger under compression than under ten-
sion. Explain the scientific origin of this phenomenon.
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10. (4%) Polyvinyl chloride is stiffer than polyethylene. Explain the scientific
origin of this observation. Note that the mer of polyethylene is

H H

C C

H H

while the mer of polyvinyl chloride is the same as this except that one for the
four hydrogen atoms has been replaced with a chlorine atom.

11. (4%) What are the main problems with the method of self-healing involving
microcapsules of a monomer?

12. (4%) Describe an effective method of improving the vibration damping ability
of a continuous carbon fiber polymer-matrix composite.

13. (4%) Why does the time spent below the melting temperature prior to bonding
affect the quality of the bond for polyphenylene sulfide (PPS)?

14. (4%) Why is aluminum foil sufficiently temperature resistant that it can be
used in cooking?

15. (4%) Why does corrosion tend to occur in a fastened metal joint?

16. (4%) Why does sand blasting help to improve the corrosion resistance of steel
rebars?

Figure A.2. Effect of the latex/cement ratio on the air void content of cement paste: a with 0.53 vol% carbon fibers; b with
no fibers
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17. (4%) Figure A.2 shows the effect of the latex/cement ratio on the air void
content of cement paste. Curve (a) is for the case with 0.53 vol% carbon fibers.
Curve (b) is for the case without fiber. Explain the features of curve (a) in terms
of their scientific origin.

Test Solutions

Part I (32%)

The correct answers are:

1. d

2. e

3. c

4. c

5. e

6. b

7. c

8. d

9. a

10. e

11. b

12. a

13. d

14. c

15. b

16. e

Part II (68%)

1. Any two of the following answers are acceptable: higher modulus; higher ther-
mal conductivity; higher electrical conductivity; higher oxidation resistance.

2. [(R − 46)/46]/4.5% = 22
(R − 46)/46 = 0.99
R − 46 = 45.54
R = 91.5 Ω.

3. Modulus = (0.57) (3.4 GPa) + (0.43) (0.12 GPa) = 2.0 GPa.

4. Inhibition factor = 9.9%/2.8% = 3.5.
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5. r1 = A e −Q/RT1

r2 = A e −Q/RT2

r1/r2 = e−Q/RT1/e−Q/RT2 = e−Q/RT1+Q/RT2

ln(r1/r2) = −Q/RT1 + Q/RT2 = −(Q/R)[(1/T1) − (1/T2)]
Q = −R ln(r1/r2)/[(1/T1) − (1/T2)] .

6. The graph defining the plastic viscosity and the apparent viscosity should look
like this:

Sh
ea

r s
tr

es
s

Shear strain rate

Slope = apparent viscosity

Slope = plastic viscosity

7. γ̇ = γoiωei(ωt−δ)

η = τoeiωt/
[
γoiωei(ωt−δ)

]
= −i(|G|/ω)eiδ

|η| = |G|/ω .

8. A graph of stress versus strain that explains the phenomenon of pseudoplas-
ticity should look like this:

9. The microcracks that tend to be present in a brittle material propagate much
more under tension than under compression.
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10. In PVC, there is hydrogen bonding (secondary bonding) between a hydrogen
of one molecule and the chlorine of another molecule (the following diagram
is not required):

H H

C C

H Cl

H

C C

H H

Hydrogen bond

Molecule 1

Molecule 2

+

H H

C C

H Cl

C C

H Cl

C C

H H

+

11. Toxicity of the monomer; high cost of the catalyst.

12. Add either a viscoelastic material or a nanofiber material to the composite at
the interlaminar interface (mentioning either material is sufficient).

13. PPS is a thermoplastic that has thermosetting character, so it cures to a limited
degree as it spends time below the melting temperature prior to bonding.

14. It is covered with a nonporous protective layer of aluminum oxide.

15. The reduced availability of oxygen at the crevice in the fastened joint results
in an oxygen concentration cell, meaning that the crevice region becomes the
anode.

16. Sand blasting removes the impurities on the surface of the rebar, thus resulting
in a more uniform surface composition.

17. The decrease in void content as the latex/cement ratio increases up to about
0.15 is due to the latex. The increase in void content as the latex/cement ratio
increases beyond about 0.15 is due to the decreasing degree of fiber dispersion.
(Fiber clumping increases the void content.)
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0.2% offset yield strength 57

AB stacking sequence 37
abrasive wear 126
activation energy 119
activation energy 223
active brazing alloy (ABA) 142
active vibration control 66, 141
actuator 289
adhesion 137
adhesion 144
adhesive joint 144, 261
adhesive wear 126
admixture 7, 146, 158
admixture method 20, 167, 192
agglomerate structure of carbon black 41
aggregates 2
aging 125
allotropes 175
aluminum 162
aluminum nitride 164
aluminum-matrix composites 314
amide linkages 59
amorphous carbon 36
amorphous materials 284
angular frequency 75
anions 95
anode 96
antioxidants 71, 116
apparent viscosity 70
aromatic polyamide 59
Arrhenius plot 121, 223
aspect ratio 248
aspect ratio 271
asphalt 133
asphalt 135
atomic oxygen 126
austenite 84, 287
autohesion 137

ball grid array 257

base 135
battery 40
beach marks 123
beryllium-metal composites 317
binder 4, 14, 146, 247, 314
Bingham plastic 70, 71
biocompatible material 32
biodegradable polymer 32
bond line thickness 308
bonding 8, 64
bonron nitride (BN) 175
boronsilicate glass matrix 319
borosilicate glass composites 25
brazing 137
brazing or solder joint 141
breaking strength 57
brittle material 62, 63
brittle-matrix composites 30

calcium silicate 26
calendering 10
calorimetry 293
carbn foams 318
carbon 32, 35
carbon binder 149
carbon black 43, 73, 74, 184, 308, 321
carbon fiber 36
carbon fiber polymer-matrix composites 1
carbon nanofibers 43
carbon nanotubes 36
carbon precursor 149
carbon yield 22, 23
carbon-carbon composites 2, 6, 22, 25, 38, 64,

186, 318
carbonization 21, 22, 36, 149
carbonization-impregnation cycles 22
carbon-matrix composites 2, 21, 31, 191, 317
carrier concentration 204
cast iron 86
cast iron 135
casting 29
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cathode 96
cathodic protection 105
cations 95
cement paste 7
cementitious bonding 134
cementitious joining 145
cementitious joint 145
cement-matrix composites 2, 7, 132, 158, 160
cement-matrix structural composites 223
ceramic-matrix composites 2, 25, 32
cermets 31
chalcogenides 286
char yield 22
chemical adhesion 145
chemical reaction 111
chemical vapor deposition (CVD) 24, 180, 186
chemical vapor infiltration 21, 22
chip carrier 246
civil infrastructure 131, 133
CMC 25
coated filler method 21, 167, 192
coefficient of thermal expansion (CTE) 277
cold isostatic pressing 188
colloid 146
colloidal graphite 265
colloidal silica 147
comb 152
commingling 13
compocasting 18
composites with polymer, carbon, ceramic and

metal matrices 131
composition gradient 116
compression molding 13
concrete 2, 7, 132
conformability 41
consolidation 14
contact electrical resistance 209, 210
continuous fiber composites 5
continuous phase transition 287
copper-matrix composites 21, 192, 316
corrosion 125
corrosion potential 107
corrosion protection 104
corrosion resistance 95
coupling agent 173
coweaving 13
cracking 110
creep 110, 125, 258
creep resistance 48, 116
crevice corrosion 106, 135
critical damping 65
critical shear strain 71, 77
crosslinking 116
crystallinity 116
crystallinity control 191

crystallization 113
crystallographic texture 37, 39, 57
CTE mismatch 113, 116
curing 14, 145
current 96, 203
current density 204
CVD 21, 188
CVI 21, 22, 24

damage 224
damage monitoring 39
damping capacity 78
damping ratio 65
decomposition 112
degradation 95
degree of crystallinity 36, 57
degree of graphitization 36
delamination 39, 227
densification cycle 23
density 55, 57
diamond 35
diamond-like carbon 36
die-less forming 13
differential scanning calorimetry (DSC) 122,

293
diffusion bonding 17
diffusive adhesion 137, 144
dilatant substance 69
dimensionless figure of merit 238
disordered carbon 35
dispersant 29
dispersive adhesion 145
DLC 36
double yielding 73
double-walled 42
dowel 150
doweled joint 150
drift 203
drift velocity 203
drying shrinkage 4, 27, 48, 146
DSC 122
ductile iron 136
ductility 48, 61
durability 95, 125

E-glass 60
elastic limit 57
elastomers 151
electric current 204
electrical behavior 203
electrical conduction 203
electrical conductivity 205
electrical conductor 204
electrical connections 256
electrical discharge machining 164
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electrical interconnections 31, 246
electrical resistivity 205
electrically conductive joints 247, 256
electrochemical behavior 95
electrochemical electrodes 40, 247
electrochemistry 103
electrode 40
electrolyte 40, 96, 247
electromagnetic interference 40
electromagnetic interference shielding 161
electromagnetic reflection 161
electronic conductor 204
electroplating 97
elevated temperature resistance 115, 117
EMI 40
EMI shielding 161
endurance limit 125
energy band gap 220
energy harvesting 105
energy loss 76
energy scavenging 105
enthalpy change 121
epoxy 157
exfoliated flakes 35
exfoliated graphite 152, 309
exfoliation 198
exfoliation-adsorption 199
expansion joints 152
extrusion 10

fabric 11, 12
fastened joint 149, 150, 151
fastener 149
fastening 137, 149
fatigue 122, 125
fatigue life 124
fatigue resistance 48
fatigue strength 125
ferroelasticity 84
fiber breakage 39, 227
fiber dispersion 161
fiber mat 217
fiber preform 12
fiber pull-out 30, 32, 64, 256
fiber texture 38
fiber waviness 114
fiber-matrix adhesion 172
fiber-matrix bonding 170
fiber-matrix debonding 113
fiber-matrix interface 113
fibrous composite 4
figure of merit 238
filament winding 13, 14
filler metal 138
filler-filler interface 29

filler-liquid interface 29
filler-matrix interface 179
first-order phase transition 286, 293
fishbone 41
flexible graphite 35, 152, 212, 217, 312
flexural properties 324
flexural toughness 256
fluid permeability 148
fluidity 29, 146
forward process 118
fractography 123
freeze-thaw cycling 153
freeze-thaw damage sensors 223
freeze-thaw durability 48
frequency 75
fretting wear 126
fullerenes 35
fume 7
fumed alumina 41
functional fatigue 291
functional gradient 28
functional groups 30
fusion zone 139

galvanized steel 104
gas constant 119
gasket 151
gasketed joint 151
glass formers 186
glass frit 146
glass sealants 188
glass transition 110
glass transition temperature 284
glasses 4
glass-forming additives 189
glassy sealant 186
Grafoil 212
grain growth 110
graphite 35
graphite colloid 265
graphite nanoplatelets 42
graphite nanoplatelets (GNPs) 309
graphitization 23, 35, 173
guarded hot plate method 299

heat dissipation 277, 320
heat retention 277
heat sinks 312
heat storage 277
heating elements 212
high cycle fatigue 123
high-modulous (HM) carbon fibers 56
high-modulous fiber 39
high-strength (HS) carbon fibers 56
high-strength fiber 39
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high-temperature consolidation 23
HIPIC 22, 23
hole 203
hook-and-loop fastener 151
Hook’s Law 49
hot isostatic pressure impregnation carboniza-

tion 22
hot pressing 18, 22, 23
humidity 126
hybrid matrix 28
hydration 27, 145, 159
hydrophilicity 161

ILSS 22
implants 31
impregnation 8, 13, 23
infiltration 8
infusibilization 22
inhibitor 116
injection molding 10, 28
inorganic binders 146
intercalated graphite 35
interdiffusion 111
interface bond modification 170
interface composition modification 179
interface microstructure modification 185
interface modification 170
interfacial damping 85
interlaminar interface 5, 45, 183, 215
interlaminar interface nanostructuring 321
interlaminar shear strength 22
interlaminar shear strength (ILSS) 172
interlayers 88
interpenetrating networks 147
intertwined morphology 43
isoelectronic 175
isostrain 51
isostress 53
isothermal method 24
isotropic 7
isotropic pitch 8

joining 131
joining 136
Joule effect 155
Joule heating 212

Kevlar 59, 60
kinetic energy 282

lamina 5
latent heat 286
laser flash method 299, 302
latex 7, 146, 183, 193, 194
levels of percolation 256

lightweight matrices 131
lightweight structures 131
liquid metal infiltration 15, 314
liquid metal transfer agent (LMTA) technique

180
liquid phase impregnation (LPI) 22
liquid-state sintering 137
load-bearing ability 49
loss factor 78
loss modulous 77, 88
loss tangent 66, 78, 88
low cycle fatigue 123
LPI 23
lubrication 126

martensite 84
martensitic transformation 84, 287
mear-net shape 16
mechanical properties 47
melt impregnation 12, 26
melting 111
mesophase pitch 22
metalloids 220
metal-matrix composites 2, 14, 31, 48, 162, 314
methylcellulose 146, 160, 183, 193, 198
microcapsules 154
microelectromechanical system (MEMS) 152
mixed conductor 204
MMC 14
mobility 203
modulus 48, 49
modulus of elasticity 49
molecular tether 173
monomer 154
mortar 7, 133
multiwalled 42

nanoclay 74, 184
nanocomposites 40, 174, 194, 197, 198
nanofiber 41, 248
nanofiller 28, 40, 85
nanoparticles 41, 146
nanoplatelets 198
nanotubes 41, 42
near-net-shape fabrication 314
negative electrode 96
negative piezoresistivity 226
Nitinol 84
non-Newtonian 69
nylon 59

open-circuit voltage 100
optical fibers 48
organic coupling agent 173
organic-inorganic hybrid 194
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overdamping 65
oxidation 110
oxidation inhibitors 186
oxidation reaction 96
oxidation resistance 39
oxygen getters 186
ozone treatment 183, 186

pack cementation 186, 190
parallel configuration 206
parallel configuration 294
particle size 251
particulate composite 4
passive energy dissipation 66
pavement 135
percolation 248
percolation threshold 248, 256
phase 284
phase transformation 284
phase transition 284
phase-change material 287, 312
phosphate 147
Pilling-Bedworth ratio 128
pin-on-disc geometry 127
pitch 22, 135, 149
plasma spraying 18
plasma spraying 315
plastic viscosity 70, 71, 73
plasticizer 29
PM 18
PMC 8
Poisson ratio 50
polyamide 59, 60
polymer-matrix composites 2, 8, 9, 157, 191,

319
polymorphs 175
polyethylene (PE) 55, 57
polyvinyl chloride (PVC) 59
porosity 192, 269
porosity control 192
porous carbons 149
porous conductors 269, 270
Portland cement 27
positive electrode 96
positive piezoresistivity 226
postcuring 262
power 210
powder metallurgy 18, 192, 315
pozzolanic 160
preferred crystallographic orientation 39
preform 14
prepreg 11
pressure gradient method 24
primary fillers 45
printing 258

processability 8
pseudoelasticity 291
pseudoplastic behavior 289
pseudoplastic fluid 69
pseudoplastic material 70
pseudoplasticity 84
pultrusion 10
pyrolysis 21
pyrolytic graphite 318

rate (kinetic) information 119
reaction sintering 186, 188
real-time monitoring 122
recarbonization 23
reduction reaction 97
reference half-cell 101
reflow soldering 258
remendable polymers 154
repair 131, 153
residual resistivity 219
resin 29, 144
resin transfer molding (RTM) 12
resistance heating 154, 155, 210, 212
reverse process 118
reversibility 118
rewritable optical discs (CDs) 277, 286
rheocasting 18
rheological properties 71
rheometer 71
ROM 53
rubber 88
rubber-matrix composites 31
rule of mixtures (ROM) 53, 206, 252, 294
rusting 98

sacrificial anode 104, 105
salt 126
saturated calomel electrode (SCE) 108
scratch resistance 48
secant modulous 50
secondary fillers 45
second-order phase transition 287
Seebeck coefficient 235
Seebeck effect 233, 234
self-healing 154
self-heating 161, 218
self-heating structural materials 212
self-sensing 161, 227
semiconductors 220
semimetal 35, 220
sensors 48
series configuration 208, 279, 295
sewing 151
S-glass 60
shape memory alloys 84
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shape memory alloys (SMAs) 292
shape memory coupling 292
shape memory effect 287
shape-memory actuation 277
shear bond strength 143
shear modulus 50, 77
shear thickening 69
shear thinning 69, 71
shear yield strength 70
shear yield stress 70
shielding 40
SiC conversion coating 186
SiC whisker 164
silane coupling agent 30, 174
silica 7
silica fume 44, 87, 146, 159, 160, 174, 183, 193
silicon carbide 32, 163
silicon carbide aluminum-matrix composite

171
silicon carbide whisker 20
silicon dioxide 32
silicon nitride 32
silicone resin impregnation/pyrolysis 186
silver epoxy 261, 265
silver paint 265
single-walled 42
sintering 18, 137
skin effect 40
sliding wear 127
slurry casting 18
slurry infiltration 25
S-N curve 124
solder ball 257
solder bump 257
solder-copper interface 261
soldered joint 257, 261
soldered joint failure 125
soldering 137, 257
sol-gel method 25
solid-state diffusion 137
solution coating 180
spalling 128
spark machining 164
specific heat 282
specific strength 61
stabilization 21
standard electrode potential 101
standard electromotive force (emf) series 102
standard hydrogen 101
steel rebars 44
stiching 151
stiffness 48
stir casting 315
storage modulus 77
strain-induced damage 226

strength 48, 57
strengthening 62
stress relaxation 110
stress-strain curve 50, 61, 63
structural health monitoring 39, 47
subgrade 135
sublimation 111
substrate 246
superelasticity 84
surface fatigue 126
surface modification 30, 185
surface treatment 63, 173
surfactant 29

tailoring 157
tangent modulus 49
temperature coefficient of electrical resistivity

219
temperature gradient method 24
tensile strength 57
TGA 122
thermal analysis 122
thermal conductance 298
thermal conduction 277
thermal conductivity 3, 26, 116, 178, 184, 293
thermal cracking 110
thermal cycling 114
thermal degradation 109
thermal diffusivity 302
thermal expansion 26, 49, 277
thermal fatigue 122, 125
thermal insulation 116, 277, 326
thermal interface material (TIM) 304, 305
thermal mass 215
thermal pastes 307
thermal resistance 295, 298
thermal resistivity 295, 298
thermal stability 262
thermal stress 122
ThermalGraph 318
thermally activated process 119
thermistor 219, 223
thermocouple 236
thermocouple junction 236
thermoelectric composites 239
thermoelectric effect 234
thermoelectric power 235
thermoforming 10, 13
thermogravimetry 122
thermomechanical analysis 122
thermoplastic-matrix composites 9
thermopower 235
thermoset-matrix composites 8
thick film 246
thick film conducting pastes 246
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thixotropic 70
thixotropic materials 70
through-thickness compressive properties 323
through-thickness direction 5
through-thickness thermal conductivity 322
titanium diboride 21, 163
TMA 122
toughness 26, 32, 48
tow 5
transcrystallization 113
tribology 127
turbostratic carbon 35, 36
twinning 289

ultimate strength 57
ultraviolet (UV) radiation 126
underdamping 65
underfill 257
unidirectional composites 11

vacuum impregnation 22, 188
vaporization temperature 116
vehicle 29
vibration damping 48, 65, 85
viscoelastic behavior 67
viscoelastic solid 68

viscometer 71
viscosity 68
viscous glass consolidation 25
viscous material 67
volume electrical resistivity 204, 206

water reducing agent 159
water-soluble polymer 160, 198
wax 312
wear 125
wear resistance 48
welded joint 138
welding 137, 138
wettability 29, 161
wetting agent 29
Wiedemann-Franz Law 296
Wohler curve 124
workability 29, 192
wrapping 153

yield strength 57
Young’s modulus 50, 55

z-axis anisotropic electrical conductor 247,
268

zipper 151
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