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— aerospace-grade aluminum 52
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— buttjoint 116
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— deformation and rotation 29, 38
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adherend thickness ratio of two
(ADCB2) 369

adhesion failure 118

adhesive application and assembly

Testing Adhesive Joints: Best Practices, First Edition.

— bulk specimens, preparation of 6
- butt joints  39-40
— end-notched flexure (ENF) 180-182
— flexible-to-rigid peel specimens,
preparation of 53-54
— lap joint with flat adherends 18-21
— thick adherend shear test (TAST)
specimens 29
— T joints specimen 49
adhesive assembly conditioning 326-327
adhesive displacement, measurement of
82-83
adhesive-free edges 35
adhesive spew fillets 15
adhesive thickness 38, 126, 129-130,
133-135, 137-140, 147-148, 180, 236,
239, 249, 277, 302, 346, 353, 360, 366, 371,
373,382
adhesive toughness 46
aerospace-grade aluminum adherends 52
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Arcan test, modified (contd.)

— strength envelope in terms of stresses
153-154

— von Mises equivalent stress—hydrostatic
stress diagram 153

- Young’s modulus 153

Arcan-type device 69-70

Arcan (V-notched plate) test

— comparison of bulk and joint Arcan tests
111-112

— comparison with other shear methods
111-112

— fixtures and specimen  104-107

- — bonding fixture 107

— — joint specimens 107

— —used at the NPL  105-106

— measurement principles 107-112

— — crosshead measurement 110

— — finite element (FE) stress analyses 108

- — gauge length  110-111

— — maximum shear stress 107

— — peak shear stress 108

— — shear strain  109-110

— — stress concentration at ends of specimen

107

— — tensile stress 108

asymmetric adherends 195

asymmetric four-point bending (AFPB)

fixture 100
atomic force microscope (AFM) 414
automatic damping measurement
399-402
AV119 epoxy adhesive 277

b

beam on elastic foundation (BOEF) 221

beam-on-elastic-foundation model 373

beam theory including bending rotations
(BTBR) 185

biaxial extensometers 83

bimaterial curvature tests

— analysis  408-409

— average in-plane stress in coating 404

— biaxial modulus of the coating 404

— concept of using curvature changes 403

— and glass-transition temperature 403

— specimen configuration 404-406

— specimen preparation 406

— stress relaxation, measurement of 408

— test procedure  406-408

— use of noncontact displacement

measurement techniques 403
bimaterial strips, characteristics of 404
bismaleimides 400

bisphenol A epoxy formulations 166
blister test 414
Boeing/SACMA setup 94
bonded joint deformation, kinematics of
148-149
bonding jigs 56-57
bondline thickness 61-62
Brownian motions 320
buckling, prevention of 94
bulk adhesive conditioning 324-326
bulk modulus measurement 87, 89
- of a bonding material 90
bulk specimens, preparation of
— under hydrostatic pressure
— — adhesive application 6
— — curing technique 7
— — defects present 7
— — failure properties 2
— — internal metallic frame 2-3
— — principle, for producing plate specimens
2-3
— — specimen machining 7
— — standard ISO 15166 3
— — standard NFT 76-142 2-3
— — surface finish 3
— — using a metallic frame 3-4
— — using silicone rubber frame 3-5
— — void reduction 2
— by injection
— — centrifuging process 10
— — curing process 11
— — final specimen preparation and testing
11-12
— — metallic frame 9-10
— by pouring
— — centrifuge technique
— — edge effects 8
— — effect of size 14
— — mixing process 13-14
— — one-part adhesives 13
— — pouring the liquid adhesive into a mold
14
— — single-part adhesives 13
— — two-part adhesives 13-14
bulk tensile test 93
“butterfly” specimen 104
butt joint adherends 116
— impact test using clamped split
Hopkinson bar equipment
butt joint specimen 40
— adhesive application and assembly
39-40
— alternative manufacturing method
40-42
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— curing technique 40

- mold for 37-38

— quasi-static testing in tension

— — bondline spacer, use of 114

— — bubble removal 116

— — joint geometry 113

— — mating of adherends 116

— — of minimal bond thickness secured
115

— — overriding requirements 113

— — sample preparation 116-117

— — sample testing 117-118

— — standards 113,117

— — tensile adhesion strength 117

— — tensile butt joints, geometry of
114-116

— specimen cleaning 40

— substrate preparation 38-39

c

calibration fixture 109

carbon fiber reinforced polymer (CFRP)

Cauchy—Green tensor 89

centrifuging process

— in injection technique 10

— pouring technique 14-15

— in pouring technique 14-15

CHEM (caisson hyperbare pour etudes de

matériaux) 420, 422

Chip test 347-348

Ciba AV119 111

Ciba-Geigy AV119 108

circular punch test (CPT) 417

— theoretical model 418-419

clamped Hopkinson bar

— clamping system 306

— combined impact tests  304-308

— configuration of 298-300

— deformation of the specimen 302

— hydraulic actuator 299

— impact strength of adhesively bonded
joints 303

— impedance matching 301

— Mohr’s stress circles of stress

— notched bolt 299

— strain wave propagationin 301

— tensile impacts  300-303

— —tests 304

— tensile normal stress to the joint
307-308

304

— tests of tubular butt joints  304-305
— torsional impacts 303

— —tests 304

— types of clamping systems 299

59

Index

— velocity of dilatative waves 302
— velocity of stress waves in materials
- Young’s modulus  301-302
clip-on gage 353
coefficient of friction 94
cohesive failure in adhesive 145
collision type split Hopkinson bar method
299
compact mixed mode (CMM) fracture test
method
— with an interface crack, analysis
— with an interlayer crack, analysis
202-205
— fracture toughness for
- — interface crack 210-212
— — interlayer crack 209-210
— stress intensity factors  201-202
— surface preparation and treatment 202
compact tension (CT) specimens 164
compliance calibration method (CCM)
compression chamber 90
compression piston 90
compression—shear tests 70, 151
computer numerically controlled (CNC)
cutting machines 105
connector blocks 102
corrected beam theory (CBT) expression
173,176
crack closure by COD method,
measurement of 366-368
cracked lap shear (CLS) 358
— specimen 196, 198-199
crack-length-based data reduction scheme
188
crack opening displacement (COD)
366-368
cracks in adhesives 15, 21, 26, 30, 69, 184
— fracture toughness for
- — interface crack 210-212
- — interlayer crack 209-210
creep 336
Crochet’s equation 355
— delayed failure 352
curing technique 7
— bulk specimens, preparation of
— — under hydrostatic pressure 7
— — by injection 11
— butt joints 40
— determination of actual curing time 11,
54, 66
— double cantilever beam (DCB) test
specimens 62
— exothermic reaction during 4
— lap joint with flat adherends 21

298

205-208

185
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curing technique (contd.)
- sealants and 54
— tapered double cantilever beam (TDCB)
adhesive joint test specimens 62
— thick adherend shear test (TAST)
specimens 29
— T joints specimen  49-50
— use of thermocouple 7,11, 14, 21, 40, 45,
49, 54,57, 62
curvature changes of bimaterial or layered
materials 403
curvature mismatch fracture test for
subcritical debonding
— data analysis  383-384
— specimen adaptations 384-386
— specimen configuration 380-381
— specimen preparation 381-382
— test procedure  382-383
cyclic loading fatigue 355-358

d

damping measurement 396-399

data acquisition system 300

DC-type strain amplifiers 300

dead loads 336

defects in bulk specimens 2

deformation kinetics

— adherends 29

— Arcan fixture 149

— Arcan test, modified 154

— bonded joint 148-149

— rubbery and soft materials 86

diaminodiphenyl sulfone (DDS) 166

diamond-coated saw 54

differential scanning calorimetry (DSC) 1,
390-391

diffusion

— applicability 322-323

— behavior in a joint 319

— defined 319

— mass uptake and diffusion coefficient

measurement 321

— mechanisms of 320

— moisture 319

— of penetrant molecules 319

— procedure 321-322

— specimens 321

diffusion coefficient of structural adhesives
and sealants 323

diffusion coefficient—temperature curves
320

digital image correlation (DIC)

dilatometry 393

DIN St37 126

82,403

direct beam theory (DBT) 185
dispensing 2
displacement transducer 103
DNV (Det Norske Veritas) certification 324
double cantilever beam (DCB) test
specimens 195
— adhesive handling and application 61
— bonded in a support frame or jig 56-57
— from the bonded plates 56
— bonded wood
— — adhesive types 66
— — aspects of 64-65
— — assessment using penetration test
68-69
— — curing technique  67-68
— — procedure for fabricating 66-68
— — wood preparation  65-66
— control of bondline thickness
- curing technique 62
— determination of strain energy release rate
(SERR) 55
— dimensions 58
— final specimen preparation 62-63
— — moisture and temperature conditioning
63
— — standard ASTM D3433 62
— — surface pretreatment 63
— fracture of wood
— — analysis of 227-229
— — bonded wood testing  226-227
— — evaluation of components 224-225
— — factors influencing  225-226
— — intrinsic variability of wood material
properties 225
— initial crack 62
— standard ASTM D3433 58
— storage and substrate conditioning 59
— surface pretreatment 59-60
double strap joint 141
Drucker—Prager yield function 154
dumbbell-shaped specimens 12
durability testing using open-faced
specimens
—aging 330-331
— primary bonding 330
— secondary bonding 331-332
— specimen preparation and configuration
328-329
dynamic mechanical thermal analysis
(DMTA) 1, 390, 392
dynamic shear modulus 276-279
— shear modulus on a bulk specimen using
torsional pendulum 277
— — moment of inertia 279
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— — Poisson’s ratio 279

— — torsional rigidity 278

— thick adherend shear test (TAST)
specimens

— — results based on empirical relations and

bulk adhesive test 278

— — setup for 277

dynamic tensile modulus

dynamometer 92

273-276

e

EA956 adhesive 277

elastically stored energy in a plate 164

elastic—plastic bending of the peel arm 261

elastic zone behavior 150

elastomeric polymers 93

end-loaded split (ELS) test 178

— experimental setup of 188

— mode II fracture characterization of

bonded joints using

— — data reduction schemes 189-190

— — equivalent crack method 190-191

— — gripping system 188

— — load and displacement measurements
188-189

— = R-curve 191

— — specimen geometry 187-188

— — strain energy release rate in 190

end load flexure (ENF) specimen 195

end-notched flexure (ENF)

— 4-point 178

— specimen preparation

— — adherends 179

— — adhesive application 180-182

— — final preparation of specimen
182-183

— standards

— —ASTM D3433- 99,178

— — European (AECMA prEN 6034) 178

— - 1SO/DIS 15024 178

— — Japanese (JIS 7086) 178

— testing of specimens

— — data reduction schemes 185-186

— — testing procedure 183-185

energy-dissipating scrim cloth 200

energy release rate 197

epoxies 13,81, 83, 101, 399

epoxy—aluminum napkin ring 119

equilibrium moisture content (EMC) in the

wood 65

Euler—Bernoulli beam theory 221

Evode TE251 111

exothermic reaction, problems of 13-14,

80, 98

Index

— overheating issue 14

experimental compliance method (ECM)
173

extensometer 31

f

failure envelopes 199-201
fast Fourier transformation (FFT) analysis
314
fatigue envelope 374
fatigue testing
— of aged adhesive systems
— dynamic fatigue
— — under cyclic loading conditions
355-358
— — measurement of crack closure by COD
method 366-368
— — measurement of the rolling force in
cyclic loading 366
— — mixed-mode crack propagation data
361-363
— — mixed-mode fatigue measurements
368
— — specimen preparation 363-366
— — strain energy release rates  358-361
— static fatigue and delayed failure of
adhesive joints
— — creep and delayed failure 351-352
— — experimental procedure 353-354
— — result and discussion 355
— — temperature-dependent delayed failure
behavior 352
fiber-reinforced polymer matrix composites
55
Fickian diffusion 320
Fick’slaw 320, 349
fillet-free napkin ring joints 120
fixed ratio mixed mode (FRMM) test 196,
287
— specimen 197
flexible adhesives 7
flexible-to-rigid peel specimens, preparation
of
— adherend preparation 52-53
— adhesive application and assembly
53-54
— curing technique 54
— final specimen and preparation 54-55
— mold for 51-52
— standards
—-—ASTM C794 51
-—ASTM C903 51
-—-ASTM D 1781 51
- —-ASTM D 1876 51

334-335
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flexible-to-rigid peel specimens, preparation
of (contd.)
- —-1S0 4578 51
- -1S08510-1 51
- —-15S08510-2 51
flush fillet 49
FM 300 adhesive 353
fractography 167
fracture behavior of joints, at high rates.
see also impact tests
— of adhesive specimens and joints by
Hopkinson bar technique
— — aspects concerning application of 297
— — dynamic stress—strain curve of the
tested material 289
— — pulse propagation through the bar 290
— — results and discussion  293-297
— —setup 289-290
— — specimen preparation and geometries
292-293
— — split hopkinson pressure bar (SHPB)
289, 295
— — strain transducers 291
— — stress—strain curves at different strain
rates 296
— — test specimen 289
— high-rate mixed mode I/I1 testing
— — test experience  288-289
— — test specimen  287-288
— high-rate mode I testing
— — analytical considerations
— — characteristics 287
— — DCB test specimen  284-285
— — experimental conditions 285-286
— — TDCB test specimen  284-285
fracture envelope 216
fracture process zone (FPZ)
1806, 190
fracture testing
— of aged specimens of an
aluminum-/rubber-toughened adhesive
system 322-323
— of ODCB specimens 323
Frekote 55-NC 9

286-287

179-180, 182,

g

general-purpose triaxial testing devices 89

glass-transition temperature 12-13, 82, 84,
144, 166, 273, 275, 320-321, 325, 3306, 349,
389-390, 397-398, 403

good-quality DCB specimens 64

gravimetric 321

grit blasting 50, 52, 59-60

h
hardness of the silicone 4-5
Hexcel Composites 400
high-level hydrostatic compression 85
high-temperature cures 15
Hooke’s law 90, 335
Hopkinson bar technique
— aspects concerning application of 297
— clamped
— — combined impact tests  304-308
— — configuration of a bar  298-300
— — impact strength of adhesively bonded
joints 303
— — tensile impacts  300-303
— — tensile impact tests 304
— — torsional impacts 303
— — torsional impact tests 304
— dynamic stress—strain curve of the tested
material 289
— pulse propagation through the bar 290
— results and discussion 293-297
— setup 289-290
— specimen preparation and geometries
292-293
— split hopkinson pressure bar (SHPB)
289, 295
— strain transducers 291
— stress—strain curves at different strain
rates 296
— test specimen 289
hot press 7
humidity on adhesive-bonded joints, effect
of 350
Huntsman™ Araldite®420 A/B epoxy resin
147
hydraulic actuator 299
hydrostatic (bulk) compression testing,
method for
— bulk modulus measurement 87
— compression chamber 90
— compression piston 90
— device 90-91
— load transfer 91
— mathematical expression of the stresses
89
— pressure and change in volume
measurement 91-92
— results and bulk modulus determination
92-93
— rubbery and soft materials
— stiffer materials  89-90
— testing procedure 92
hydrostatic compression stress state 88
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hydrostatic pressure technique, bulk
specimen preparation using

— adhesive application 6

— curing technique 7

— defects present 7

— failure properties 2

internal metallic frame 2-3

principle, for producing plate specimens
2-3

specimen machining 7

— standard ISO 15166 3

— standard NFT 76-142 2-3

— surface finish 3

— using a metallic frame 3-4

— using silicone rubber frame 3-5

— void reduction 2

hydrostatic stresses, tests under

— data analysis 423

— ductile-Dbrittle transitions

— test fixture 420-421

— test procedure 422-423

hydrostatic (triaxial) compression 85

419-420

i

ICPeel 263-265

idealized crack, stress field around 164

impact tests

— ASTM Block 281

— Charpy and Izod tests 280

— combined 304

— combined peel and pull loads 312-315

— fracture behavior of joints and  284-289

— Hopkinson bar techniques 289, 298-299

— impact strength of adhesively bonded

joints  303-308

— instrumented pendulum 281-283

— lap shear test  310-312

— pendulum 280-283

— tensile  300-304

— torsional 303-304

independently loaded mixed-mode specimen
(ILMMS) geometries 358-363, 368—-369

injection method of bulk specimen
preparation

— centrifuging process 10

— curing process 11

— final specimen preparation and testing

11-12

— metallic frame 9-10

interface crack displacement field along the
crack face 206

interfaces assembly machine 72

interfacial bonding 16, 29, 38, 49, 52

Tosipescu (V-notched beam) test

Index

— accuracy and reliability of 103-104

— horizontal separation of the points of
contact 102

— joint specimens 102

— relative vertical motion 101

— standard ASTM D5379 97-101

— strain measurement principles

— test fixtures  99-100

— — alignment tools 100

— — asymmetric four-point bending (AFPB)

fixture 100

— — Wyoming fixture 99-100

— test specimens  97-99

— — modifications 99

— — off-axis deflections 103

— — variations of the notch angle 99

Irwin—Kies equation 189

iso-strain diagram 339

isotropic adherends 402

isotropic peel arm 262

Izod and Charpy tests 280

100-103

J

jigs 98

J-integral solutions 167, 186, 278
joint/in situ joints, tests in 1

joint manufacture—alignment jig 44

)

lap joints, quasi-static testing of

— adherends 141-142

— — direct tensile stress actingon 142

— — effect of thickness 142

— — load corresponding to the total plastic
deformation of 142

— — stress due to bending moment 142

— failure modes 145

— gripping system 142-143

— — of composite materials 143

— — of high-strength materials 142-143

— load and displacement system 143-144

— — load—displacement curve 144

— properties determination 146—147

— — lap shear strength 146

— — shear stress—shear strain curve 146

— specimen geometry 140-141

— — adhesive shear stress 141

— — bending moment 141

— — double lap joint 141

— — effect of boundary conditions and
spacers 140

— — peel stresses 141

— standards 139
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lap joints, quasi-static testing of (contd.)

— testing speed and environmental
conditions 144-145

— — glass-transition temperature

— — strainrate 144

lap joint with flat adherends

— adhesive application and assembly
18-21

— curing technique 21

— molds

- — aluminum alloy 15-16

— — carbon steel 15

- —teflon 15

— specimen cleaning 21

— substrate preparation and mounting
16-18

lap shear joint specimens 104

latex adhesives 389

— minimum film formation temperature of
393-394

Levenberg—Marquardt equation 365

lever arm extensometers 102

linear elastic fracture mechanics (LEFM)

— epoxy-based structural adhesives 166

— force—displacement curves 166

— fracture mechanics 167

— load—displacement diagrams 165

— principle 163-164

— procedure 164-167

— — ASTM guideline D5045-99(2007) test

method 164, 166

— — ISO 13586:2000 test method 164

— for a series aromatic-amine (DDS)-cured
bisphenol-A-based epoxies 167

linear elasticity theory 90

linear variable differential transformers

(LVDTs) 89, 184
load-independent analysis methods 288
loading conditions, impact on adhesive and
adhesive joints

— ASTM Block Impact Test D950— 78, 281

— instrumented pendulum impact test
281-283

— Izod and Charpy tests 280

log (decrement) 395

loss modulus 396

low-viscosity adhesives 29

144-145

m

machining of specimens

— bulk specimens, preparation of
— — under hydrostatic pressure 7
— flexible adhesives, difficulties 7

— thick adherend shear test (TAST)
specimens 26
— — modified 36
materials and technology support (MTS)
program 125
Maxwell model creep relation 352
melting point 389
metallic adherends 111
methyl-ethyl-ketone 52
Metlbond 1113 adhesive 362, 364365, 368
Metlbond 1113-2 adhesive 362, 364—365,
368
microcracks 7, 47, 50
minimum film formation temperature
(MFFT) 389
minimum film formation temperature of
latex adhesives  393-394
mixed mode adhesive fracture test
specimens 195
mixed mode bending (MMB) test
— data analysis  214-215
— principle of the fixture 214
— specimen geometry 212-213
— test experience 215-216
— test procedure 214
mixed-mode fatigue measurements
— crack length  372-373
— fatigue loading  371-372
— with ILLM specimen 368
— observations
— — effect of bondline thickness 375
— — effect of mode ratio and applied G
374-375
— — effect of substrate material 375
— specimen preparation 369-371
— strain energy release rate 373
mixed mode flexure (MMF) 196, 287
mixed mode fracture testing
— background 216-217
— calculation of the phase angle and strain
energy release rate
— — beam-on-elastic-foundation model
221-222
— — bean theory 221
— fracture energy envelopes 222
— fracture test and loading system 218
— load and crack length measurement
218-220
— R-curve measurement 222-224
— specimen configuration and preparation
217-218
mode [ fracture energy 200
mode I loading standard (BS7991:2001)
222



mode-independent fracture energy 200

mode mixity 195

modified Arcan test  70-72

modulus in vibration, measurement of

— dynamic shear modulus 273-276

— dynamic tensile modulus  273-276

moisture diffusion 319

moisture on adhesives and adhesively
bonded joints, influence of

— adhesive assembly conditioning 326-327

— bulk adhesive conditioning 324-326

— conditioning equipment 324

— standard sampling condition 323-324

— test procedure for evaluating 327

molds

— bulk specimens, preparation of

— — under hydrostatic pressure 2-3

— — by injection  9-10

— — by pouring 14

— butt joints  37-38

— flexible-to-rigid peel specimens,

preparation of 51-52

— lap joint with flat adherends

— — aluminum alloy 15-16

— — carbon steel 15

— —teflon 15
— thick adherend shear test (TAST)
specimens 28-29

— T joints specimen 47

monotonic shear loading 151

monotonic tension/compression-shear
loadings 153

n

Nadai correction technique 121, 124, 193
napkin ring specimens

— adherends 42-44

— final specimen preparation 46

— inserting the adhesive 45

— joint manufacture—alignment jig 44

— in tension, shear properties 119-120
— — epoxy—aluminum napkin ring 119

— — measurement of rotation 122

— — standard ASTM E 229, 119

— — test specimen  121-122

— — torsion machine 122

neo-Hookean law  88-89

NFT 76-142,2-3

noncontact extensometry 103, 111, 147
noncontacting laser extensometer 12
nondestructive test 273

notched torsion test, for mode III specimens
— for fracture toughness 193

Index

— for rubber-toughened epoxy adhesive
193-194

— test method 192

NPL extensometer 102

Nyquist—Shannon sampling theorem 300

0

one-dimensional theory of wave propagation
in elastic rods 293

one-part adhesives 13

oscillatory index 206

outgassing of the adhesive, effect of 2

p

PAA core 256

Paris-Erdogan law 355, 357

P-§data 185

peel testing 46, 50. see also T-peel test

— at 180°

— — data collection and analysis 246-247

— — failure mode identification 247-248

— — machine and fixtures for procedure
245-246

— — specimens

— analysis of

— — adhesive fracture energy 257-258

— — adhesive fracture energy using ICpeel
(digitized), determination of
263-265

— — plastic work in bending, determination
of 259-261

— — root rotation using a beam on elastic
foundation analysis, determination of
261-262

— climbing drum

— — factors for reliable results

— — failure modes 256

— — materials  252-253

— — result analysis 256

— — test procedure 253-256

— floating roller

— — finite element analysis and experimental
investigation of  250-251

- — standards 249

— — test specifications

— standard

—— DIN EN 1465, 309-310

—— DIN EN ISO 11343 309

— wedge impact 309

pendulum impact test for adhesives and

adhesive joints

— ASTM Block impact test 281

— instrumented 281-283

— Izod and Charpy tests 280

244-245

254-255

249-250
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phase angle, calculation of 221-222

phosphoric acid anodized (PAA) aluminum
alloy honeycomb 256

pin and collar joint test method

— sample preparation

— — adhesive application 157-158

— — materials 156

— — preparation of adhesives

— — specimen fitting out 158

— — surface treatment  156-157

— testing and result analysis  158-160

“pi” tensile test 113

plastic deformation zone (PDZ) 347

4-point end-notched flexure (4ENF)
test 178

Poisson’s ratio 34, 73, 83-84, 89-90, 166,
205, 209, 262, 279, 403, 414

— Arcan test, modified 153

“poker chip” tensile test 113

polyaromatic 81

polychloroprene 389

polyimide bond 200

polymeric adhesives 402

— viscoelastic properties of 405

polymeric phase in adhesives 389

156-157

polytetrafluoroethylene (PTFE) 42, 45,
53-54
polyurethanes 82-83, 252, 389

— adhesives 84

polyvinyl chloride (PVC) 252

pouring technique for bulk specimen
preparation

— bubbles, formation of 14

— centrifuge technique 14-15
— edge effects 8

— effect of size 14

— mixing process 13-14

— one-part adhesives 13
— pouring the liquid adhesive into a
mold 14

— single-part adhesives 13

— two-part adhesives 13-14

pre-etch preparation 363

Pressure-Sensitive Tape Councils test
method PSTC 107, 343

PSA tapes 412

pull-off forces 410

pull-off test

— specimen

— — configuration and analysis

— — options  412-413

— testing procedure and analysis

purpose-built extensometers 102

purpose-designed biaxial shear gauges 100

410-411

411-412

q

quasi-static fracture tests

— double cantilever beam (DCB) 169

— — according to ASTM D3433 170-171

— — according to ISO 25217 171-174

— tapered double cantilever beam (TDCB)
169

— — according to ASTM D3433  174-175

— — according to ISO 25217 175-176

— test apparatus 170

- test methodology 176-177

— test specimen 170

quasi-static testing machines 312

quasi-static testing of bulk tensile specimens

— determination of properties

— — cracks, presence of 84

— — Poisson’s ratio  83-84

— — tensile stress—strain curve 83-84

— — yield strength 84

— — Young’s modulus

— on flat specimens

— — determination of properties 96-97

— — load and displacement measurement

96

— — loading system 94-96

— — specimen geometry 93-94

— — testing speed and environmental

conditions 96

— gripping system 81

— load and displacement measurement
81-82

— specimen geometry 79-81

— — dogbone-shaped specimen 79

— — elongations 79

— — round solid bar tension specimens 80

— — tensile properties 79

— — thickness 79

— testing speed and environmental
conditions 82-83

— — displacement rate 82

— — strain rate 82

quasi-static testing of thick adherend shear

test specimens

— adherends 126

— griping system 126

— manufacture of 125

— specimen geometry 126

— standards

——ASTM D3983 126

- —1SO 11003-2 126

83-84

r
R-curve, measurement of 187-191
rectangular gauges 100



Redux 326, 400

reinforced wedge test 348

relative mass uptake 322

residual stress and thermal expansion
coefficient determination, bimaterial
curvature method for

— analysis  408—409

— concept of using curvature changes 403

— and glass-transition temperature 403

— specimen configuration 404-406

— specimen preparation 406

— test procedure 406-408

— use of noncontact displacement

measurement techniques 403

residual stresses 7, 21, 40, 50, 65, 67

resin/ bulk specimens, tests on 1

Rohacell® 252

rolling force in cyclic loading, measurement
of 366

room temperature vulcanizing (RTV)
silicone 4

rosette gauges 100-101, 103

rubber-toughened epoxy adhesive 193

s

SAFT test (shear adhesion failure
temperature) 343

sample preparation

- butt joint specimen  116-117

— pin-and-collar test method 155-158

“sandwich” tensile butt joint 114

saturation mass uptake 321

scarfjoints 69

sealant peel specimens 55

sealants 41

servo-electric load frame 218

servohydraulic testing machines 312

shaft-loaded blister test (SLBT) 414-415

— circular punch test (CPT) 417

— — theoretical model 418-419

— loading configuration 414-415

— theoretical model 415-417

shear corrected beam theory (SBT)

shear extensometers 101-102

shear strain in bulk specimens,
determination 109

shear stress—shear strain curve 31, 152

— of an adhesive between metallic substrates,

hydrostatic stresses 420

— Hopkinson technique 296

— — clamped Hopkinson bar 302

— lap joints, quasi-static testing of 146

— napkin ring test 119

— solid butt joints in tension 121

58,173

Index

— TAST 133
shear tests on bulk specimens 118
short peel specimen
— geometry 312-313
— interpretation of test result 314-315
— manufacturing and testing of 313-314
silicone rubber frame 2-5
— release agent for 6
— significance of thickness of 3
single-edge notched bending (SENB)
specimens 164
— fractured 168
— span-to-width ratio 166
single lap joint (SLJ) specimens 15, 22-23.
see also thick adherend shear test (TAST)
specimens
— preparation methods
- — bonding fixture 23-26
— — traditional 23
— standards (ISO 4587 or ASTM D1002) 15
single lap joint (SLJ) test 139-140
single lap shear tests
— advantages and limitations 310
— materials and specimen preparation
310-311
— — adherend thickness 310
— size of the overlap 310
— and superimposed load conditions 310
— testing procedure 311-312
single leg bend (SLB) 196, 287
— specimen 198
slenderness ratio 85
solid butt joints in tension, shear properties
of 120-121
— measurement of rotation 122
— polar moment of area 121
— shear stress—strain relationship 121
— test specimen 121-122
— torque—twist curve 121
— torsion machine 122
specimen cleaning
— butt joints 40
— lap joint with flat adherends 21
— thick adherend shear test (TAST)
specimens 29-30
specimen preparation
— bimaterial curvature method 405-406
— climbing drum peel test 252-253
— curvature mismatch fracture test for
subcritical debonding 381-382
— dynamic fatigue testing  363-366
— end-loaded split (ELS) test 187-188
— end-notched flexure (ENF) 179-183

437



438

Index

specimen preparation (contd.)
— mixed mode bending (MMB) test
212-213

— mixed mode fracture testing 217-218

— peel testing at 180°  244-245
— single lap shear tests  310-311
— T-peel test  236-237

spring-loaded welding clamps 218

standards for adhesive specimens
— AFNORT 76-114 346

— ASTM 2294-1996 342

- ASTM C794 51-52

- ASTM C903 51

- ASTM D570 321

- ASTM D575 85

- ASTM D638 79

— ASTM D 695 85-86, 93-94, 96, 133

- ASTM D897 113

— ASTM D 903-49 249

- ASTM D 1002 15, 139, 146

- ASTM D 1151 324

- ASTM D 1183 324

- ASTM D 1780:2005 341

- ASTM D 1781 51, 249, 253-254
— ASTM D 1876 47,51, 235, 249
- ASTM D 2293 342

— ASTM D 2293-1996 342

— ASTM D 2294-1996 342

— ASTM D 2651 373

- ASTM D 3039 79

- ASTM D 3165 141

- ASTM D 3167 249

— ASTM D 3433 56, 58-59, 62
- ASTM D 3433-99 178

— ASTMD 3762-79/83 345

- ASTM D 3762-98 351

- ASTM D 3846 93-95

- ASTM D 3983 26, 31, 126

— ASTM D 4562-90 155-158
— ASTM D 4680-1998 342-343
- ASTM D 4896 139

- ASTM D 5229 321, 325

- ASTM D1002 353

- ASTM E229 119

-~ ASTM E 647 334,372

- ASTM E 1012 117

- BS 5350 253

- BS7991:2001 222

- D 5045-99(2007) 164, 166

— DINISO 899 336

- EN 1943 343

- EN 15337 155-158

— ENISO 527-2 79, 83,96, 133
— European (AECMA prEN 6034)

178

— FINAT FTM 8, 343
-1SO62 321
- 1SO 527 336
—ISO 604 85-86
—1SO 683-9 156
- 1SO 2818 7
- 1SO 4578 51
—1SO 4587 15,139, 341
- 1SO 7743 85
—1SO 7743:2011 85
- 15O 8510-1 51
- 1SO 10123 155
- ISO 11003-2 26, 31, 126, 133
— ISO 13586:2000 164
— 1SO 14615:1997 341
—1SO 15109:2007 341
- 1SO 15166 3
—1S0O 25217 58-59, 62
— ISO/DIS 15024 178
— Japanese (JIS 7086) 178
- NFT76-142 2-3,15
— PSTC 107, 343
— SACMA SRM  1-88, 94-95
static load creep experiments 336
steel adherends 109
storage modulus 396
strain energy criterion 164
strain energy release rate (SERR) 55
— specimen 198
strain gauges 101
strain measurement principles 100-103
strain wave propagation, in clamped
Hopkinson bar 301
stress-free temperature 403
stress intensity factor (SIF) 206
substrate—adhesive interfaces 31, 34-35,
69
substrate preparation
— butt joint specimen  38-39
— double cantilever beam (DCB) test
specimens 59
— lap joint with flat adherends 16-18
— tapered double cantilever beam (TDCB)
adhesive joint test specimens 59
— thick adherend shear test (TAST)
specimens 29
— T joints specimen  48-49
surface treatment on adhesive-bonded joints,
effectof 350

t

TA Instruments DMA 406

tapered double cantilever beam (TDCB)
adhesive joint test specimens 55, 359



— adhesive handling and application 61

— control of bondline thickness 61-62

— curing technique 62

— dimensions 58-59

— initial crack 62

— standard ASTM D3433 58-59

— storage and substrate conditioning 59

— surface pretreatment 59-60

teflon molds 15

temperature, tests with

— creep experiments at elevated temperature

— — standards related to  341-343

— — staticload 336

— general test procedures 336-338

— glass-transition temperature 336

— Hooke’s law 335

— lifetime prediction 339-341

— testresults  338-339

— time-dependent stress—strain relationship

339

— yield strength 336

temperature—time profile 45

tensile butt test. see butt joint specimen,
quasi-static testing in tension

tensile—shear loadings 69

tensile specimens  8-10

tensile stress—strain curve of a two-part
epoxy adhesive 8

tensile testing 3, 11, 32, 38-39, 69-70, 72

— machine 32, 149

tension—shear loadings  72-73

tension—torsion testing machine 69

thermal conductivity of adhesives 393

thermal properties of adhesives 389

thermocouple 14

thermogravimetric analysis  392-393

thermomechanical analysis (TMA) 390,
392

thick adherend shear test (TAST) specimens
276

— adhesive application and assembly 29

— Althof specimen 26

— bending stiffness 28

— curing technique 29

— dynamic shear modulus with

— — results based on empirical relations and

bulk adhesive test 278

- — setup for 277

— geometry 276

— machining of specimen 26

— modified 29-30

— — behavior under cyclic loadings

138-139

— — bonded specimen geometry 33-36

Index

— — comparison between experimental
results TAST and  134-136

— — geometry of 31-32

— — identification of behavior of the adhesive
136-137

— — influence of adhesive thickness
137-138

— — machining of specimens with beaks 36

— — measurement 134

— — test requirements 139

- mold for 28-29

— quasi-static testing of

— — determination of properties

— — failure modes 130

— — load and displacement measurement
127-130

— — testing speed and environmental
conditions 130

— size differences 26

— specimen cleaning 29-30

— standards

——ASTM D3983 26, 31

- —1S0O 11003-2 26, 31

— substrate preparation 29

time constants 300

time-dependent crack growth, measurement

of

— factors influencing  376-379

time-to-catastrophic failure process 355

Timoshenko beam theory 190

Tinius-Olsen Universal testing machine

353

T joints specimen 46

— adhesive application and assembly 49

— curing technique 49-50

— mold for 47

— peel testing 50

— standard ASTM D1876 47

— substrate preparation 48-49

torsional rigidity 278

torsion pendulum 395

T-peel test 312

— analysis of 265-266

— configurations and fracture mechanics

interpretation 230-236

— — adherends 232

— — categories  230-236

— fracture energy of debonding 229, 232

— interpretation of results  238-241

— locus of failure  241-243

— practical adhesion 230

— specimen preparation 236-237

— standards 229

— testing procedure 238

130-133

439
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Index

T-peel test (contd.)

— T-peel specimen  230-231

— T-peel strength, defined 229, 234-235
traction—shear tests 70

« transition 399

triaxial compression stress state 89
triaxial testing devices 89
two-component adhesives 6

two-part adhesives 13-14, 53

two-part epoxy adhesive 7

— structural 41

two-prong fork shear extensometer 102

u

uniaxial compression testing, method for

— rubbery and soft materials 85

— — load transfer 86

— — relation between maximum
compression deformation and
expected 86

— — slenderness ratio 85

— — standards recommended 85

— stiffer materials 85-87

— — standards recommended 85-86

upper adherend 19-20

v

vacuum bonding techniques 253

vacuum release technique 2, 19

V-block-type jig 40

vibrating beam method

— automatic damping measurement

399-402
— manual damping measurement
396-399

video extensometers 82

viscoplastic behavior of adhesive 150

viscosity 2, 10, 13-14, 61, 64

— low-viscosity adhesives 29

— low-viscosity liquids 13

— of sealants 41

— two-part epoxy structural adhesive 41

viscous form of adhesives 1-2

— viscous cold-cure adhesive 9

visually determined (VIS) value 172

V-notched beam test. see losipescu
(V-notched beam) test

V-notched plate (Arcan) specimen. see Arcan
(V-notched plate) test

void-free flat sheets 8

void-free specimens 2

volume measurement in hydrostatic
compression 91-92

— pressure/changein 92

von Mises equivalent stress 34

von Mises model 93

V-shaped grooves 44

w
water absorbtion by adhesives 2
water jet cutting system 36
water on adhesive-bonded joints, effect of
349-350
wedge test (WT)
— correlation between normal use and
350-351
— experimental details
— — dimensions 345-346
— — measurements of fracture length
346-347
— mechanics of  344-345
— results
— — environment, influence of 349
— — and evaluation of durability 348-34
— — relative humidity, influence of 350
— — surface treatment, influence of 350
— — temperature, influence of 349
— — value of fracture energy 348
— — water, influence of 349-350
— variations
— — Chip test 347-348
— — reinforced wedge test 348
Wheatstone bridge conditioners 291
wood bonding  64—65
Wyoming fixture 99-100

X
X-ray photoelectron spectroscopy (XPS)
145

Y

yield strength 336

Young’s modulus 33, 73, 89-90, 221,
261-262, 294, 398. see also dynamic tensile
modulus

— Arcan test, modified 153

— clamped Hopkinson bar  301-302

— of CMM specimen with an interface crack

206

— LEFM 164

— of stiff adhesives 83

— of the substrate 58



