Contents

Chapter 1 Classical Theories of Plasticity 1
1.1 Definition of SUDJECt.....ccoiiiiiiiiirrnce ettt st enean 1
1.2 Hencky-Nadai Deformation Theory......cccccoovvveennverrnresrenenrssesnessessenes 3
1.3 Hencky Relations......coeveeiiiinicniecrceeecnceeeeseneseeeerecseeseseene s ese s 10
1.4 Infinite Thin Plate with a Circular Hole: Comparison of Three

SOIULIONS ..ttt e ee s st et e e nre e nee 13
1.5 Tlyushin’s ThEOTEMS ...c.cocuiririiieciericeienreieceerresr et re s s esbee e enenns 20
1.6 Prager Deformation Theory ......c.ccviriiricccenncnte ettt 32
1.7 Tlyushin’s SPace.......cccovccriirieiniesineeiiriteiient et e se e n et e e sre e sen 35
1.8 ISOLropy POSIUIALE ......coevviieieiintrireientic ettt e 39
1.9 Loading Surface......cccoeoeeiieieorieierecereecsercictnceee et et eraeeveres e seanens 44
1.10  Drucker’s POStUIAE. ........cocoiiiniriceecreeneneeecieee e senene 47
1.11 Analysis of the Hencky—Nadai Theory .....cocccccevrcrrennnrernninennccnrennenne 50
1.12 Boundaries of the Applicability of the Hencky-Nadai Relations .......... 55
1.13  Flow Plasticity Theories: Isotropic Hardening Rule.......c.coccenieniccacne 60
1.14  Flow Theory for Elastic-Perfectly Plastic Materials..........c.ccooecereeeee. 68
1.15 More Complicated Flow Plasticity Theories ........ccocecrvcnncnnccnnae 73
1.16 Flow Plasticity Theory with Kinematic Hardening ..........ccccovinecinnece 75
1.17  Lode-Nadai Variable.........ccovervmnieiniiniiinicieenieenss e 80
1.18 Experimental Check of the Laws of Plasticity at Combined Loading ... 81
1.19 Flow Plasticity Theory with a Singular Loading Surface.........c...c......... 93
1,20 CONCIUSIONS ....vniiiieicetet et 99

Chapter 2 The Concept of Slip 101
2.1 One- and Two-Level Models of Deformation .........c.cc.ccceceenvirnecennnnee 101
2.2 Some Basic Knowledge in the Physics of Metals........ccoevinivnccinnnnne 102
2.3 The Batdorf-Budiansky Theory of SIP ..coocereveeiennreecceeeeeee 108
2.4 Uniaxial Strain: Pure Shear.........ccccoiiiinniiiccenincrnereeceeseneenne 113
2.5 The Cicala FOrmula ........ocoooieveiiiiiiiiiiinccnecectne e e 116
2.6 The Cicala SUIACe.....cccovereeiriccctienettt ettt 118
2.7 Analysis of the Budiansky Theory.........ccoeenicncnnincnnenccnnncncnnnene. 124
2.8 Generalization of Yield Criterion .......ccoovvinvrcnnicnninernecvenennneenenne 127
2.9 The Leonov Theory of SHP ..ot 130
2.10  Shear Strength.. ..ottt ettt 133
2.11 Rehabilitation of the Concept of SIp..cccoveeeeinverrerincieirceeerens 135
2.12 Peculiarities of Plastic Straining under Proportional Loading ............. 139
2.13 Drucker’s Postulate and the Concept of SHP ccoeevveveiecvvnicnreene 143
2.14  Analysis of the Leonov Theory.......ccoioincnnnencnnncnennen 146

Bibliografische Informationen digitalisiert durch F\#I
http://d-nb.info/1011288214 Bi‘.l

L

HE
E


http://d-nb.info/1011288214

Vi Contents
2.15 Plastic Strain under Combined Loading .........ccccoceverennvencnevnsenncnenns 147
2.16 Two Problems........cuvuinimiiniiiiiiiiiiniinicnncnst et eneneens 150
2.17 Rearranging in Differential EQuations..........c.ccccevvvecvvvvnnininrnicnnns 154
2.18 Computer-Aided Calculations ...........cececceneceivrnencnnncnsinrenesisiescnenas 158
2.19 The Concept of Slip and the Isotropy Postulate..........ccoocvverierinennnnnns 159
2.20 Loading SUrface.....c..cccocevveiriiinniininieceeencnetcseetse e sananes 161
221 The Bauschinger Effect ........oooiiiiiciivcininiiiiiiiiinneneeienns 164
2.22 Alternating Loading in Tension-Compression.........c.ccevvvvineiirnenennens 166
2.23 Loading Surface at Alternating Loading in Tension-Compression...... 169
2.24 Conclusions Relative to Shear Strength........ccccoviviniininininiinniinnnne. 171
2.25 Leonov-Shvajko Model ........ouieirenriciicinininncnnine e 172
2.26 Comparison of TWO Models ......c.ccocivreeevinmcnennnninicceecnncceens 175
2.27 Discrete Scheme of SIPS c..cocoiiviniiiinnneniiiir s 177

Chapter 3 Synthetic Theory of Plasticity 181
3.1 Introductory Remarks ......cccoviiviiniiiiiniiiiiininiiiiiecinniceene e 181
3.2 Partial Cases of the Tresca Yield Surface.......cccoveveecevnennvcvccnnncnnnne 181
3.3 Tresca Yield Surface in Five-Dimensional Stress Deviator Space......... 184
34 Koiter’s Result ...t 187
3.5 Introduction of New Variables........ccvceerinrinnienininvnnnnninninennineenes 189
3.6 Modification of Yield Criterion......cccocecovvrvneniennninninveninneenennnnneenes 192
3.7 Modified Yield Surface .......cocviviriineccicninscncntiicncccenncecsesens 194
3.8 Tangential Planes and Their Traces........ccocvvvviivinniiniincimniniincnnnenne, 195
3.9 Basic EQUAtIONS ......ccceeviveiereniinriiiiieceeeenesisnrtnercnesesessse s e ssenes 196
3,10 PUre Shear.... .ottt sas s sasenes 200
3.11 Proportional Loading........c.ccvimivmiccniiinonniiiieieseeeesienssrenns 203
3.12 Cicala Formula..........ccccuveivvininnicininiiccieniinnncnieneiseesennnesnens 205
3.13 Two-Segment Loading Trajectory .........ccvemenvveereininneennnnsieeniesensens 208
3.14 Plastic Strain at Two-Segment Loading Path .........cccceovviviviiininnnnnns 214
3.15 Partial Cases.......ocevrverereennninneriiiiicsessseeiee et sttt sre s 218
3.16 Loading Surface........ccovivrininveinincneciestnteseesscnnetnnreseesseseasnens 221
3.17 Another Variant of the Deformation AniSOtropy.........c.coevvvresvirirerunns 226
3.18 Alternating TOrSION.....coceeeereerimertrcrireneectrcsentesteene st sassassbeseene 228
3.19 Proportional Alternating Loading........c..cccccocrivvnecrnsnnncennnesiinnnns 233
3.20 DiSCUSSION.....cuvererrrrrcrnseercsissisiesesestinnerssesnssesresenresestsnssossorssssrssnsassesies 234

Chapter 4 The Creep Theory 237
4.1 General Remarks .......cocceerviiincnincieniiieitencceeeeenee et essscaseniness 237
4.2 Non-homogenous Distribution of Strains and Stresses of the

Second Kind ...ttt 240
4.3 Local Peak StreSSES.....ccvvererrererrcerrrcrentretrensenssnsnssssensonsessesessesasssassones 244
4.4 ELASHC ATC....cerreurerrerererenrrrensesersesenneesetesenssssesesssstsssesesssssssessenseseseens 248
4.5 Mathematical Measure of Local Peak Stresses......oovveeervetrererertrcercerenes 249
4.6 Properties of the Integral of Non-homogeneity ........coccocverererrcneerneenncnee 253
4.7 Account of Loading Rate.........cccuuvirieirenirenrernrrenionsessoressnsesereniesesesssons 255
4.8 The Creep and Yield LIMt....cocouvueeeeiirrcricenrrereessonssnensensnseressesnessesssons 257



Contents Vil

4.9 Influence of Loading Rate on Stress-Strain Diagram in Pure Shear...... 262
4.10 Sudden Increase in Loading Rate ........c.cocecnviniinininnicnnincnicineccnnene. 264
4.11 Proportional Loading .......ccoceeivrinncinieniiiiinctsiecee e 266
4.12 Stress-Strain Diagram at Elevated Temperatures ........cccceceeeveviennnnnen. 267
4.13 The Integral of Non-homogeneity in Alternating Torsion................... 269
4.14 Cyclic Properties of Material.........covereirerericcinieennenncrreseseeecens 272
4.15 Peculiarities of Irreversible Straining in Alternate Loading ................ 273
4.16 Deformation in Alternating TOISION «....coveceeiiricreniniesnineeere e, 276
4.17 Instantaneous Plastic and Creep Deformation ..........cccecevveiruenennennn. 280
4.18 Classical Creep Theories in Uniaxial Tension.......cc.ccceovvecicnncrencnnene. 282
4.19 Creep Potential..........ccoveiviiiiiniiiniiienr et 288
4.20 Experimental Verification of Creep Laws ......cccccoeviimnieinnccnnccnencne. 294
4.21 On the Advantages of the Physical Theories of Plasticity and
CrEEP ...ttt sttt st et e ene e en 296
4.22 Physics of Unsteady-State Creep ........coovemmiccriincnecnnicreneennncrencnns 299
4.23 Unsteady Creep in Pure Shear ... 300
4.24 Generalization to an Arbitrary State of Stress ......cccoveemecricnrecereenn 303
4.25 Creep Delay ..ottt et s 304
4.26 Haazen-Kelly's Effect ......cccvmivniivinreneiireneeseenenesee e 305
4.27 Creep with Variable Loading..........ccccocoevinvincinincnniinccninnecenn. 308
4.28 Generalization of the Cicala Formula.........ccoooovieneennninenicncnene. 311
4.29 Analysis of the Generalized Cicala Formula ............ccoccccoiiininnnnne. 315
4.30 Intermediate DiSCUSSION....c.ccceveiireiriiinicintint ettt 317
4.31 Physics of Steady-State CIreep .......oevvivvivriniiniiiicinreee e 319
4.32 Generalized Synthetic Theory of Irreversible Deformation................. 320
4.33 Irreversible Deformation in Pure Shear ... 327
4.34 Creep Deformation in Pure Shear .........cooevnenniinenecieniiincncnccenne 329
4.35 Creep in a State of Complex SIress.......oeveiieivinirninniineceneineieenne 332
4.36 Definition of Function K......cococoiniciiiiniiniiicciccirecceceeenene 335
4.37 Definition of Function K: Continuation..........c.ccvoevcevevvenrcerecnncnreeen. 338
4.38 Creep with Different Plastic Pre-strains.........occoecvccrenvcnnenncnnenne. 339
4.39 Creep with Different Plastic Pre-strains: Continuation.........cc.cecoveueene. 345
440 ReVerse CIEeP....cccocvtireereireriiee ettt se e erae e e e 348
4.41 Duration of Creep Delay and Reverse Creep......coovvvevvienecnecinnennne. 351
442 DISCUSSION....oovtuerirerreierreesererinene e sttt ee et n e e e se e sene 360
4.43 Light Alloys Creep .coeeveeveeieiininenininiciiinireentsti e seeneeseesane 361
4.44 Conclusions to the Chapter 4.........ovvoviininiccrccnennnnrneenennneseeones 303
Chapter 5 New Problems of Plasticity and Creep 365
5.1 Temperature After-Effect Strain........ccoccoocevvenenccnniinccenenenncnnennn. 365
5.2 Physical Nature of Temperature After-Effect........cccocnenninniininennn 368
5.3 Modeling of Temperature After-Effect.......ccoccovinininirinnrnencnene. 369
5.4 Temperature After-Effect in Pure Shear ... 371
5.5 Temperature After-Effect at Cooling........cocvveeevnnirenenicnvenncsencene 377
5.6 Temperature Strengthening.......ooooeirverieieeneeenernereres et seeenneas 381



Vil

Contents

5.7 Influence of Atomic Irradiation Upon Plastic and Creep

Deformation of Metals........ccccoervenrerrncerecinnnnenteneesesenrens e sacsescssnsssenees 384
5.8 Mathematical Theory of the Irreversible Deformation in Irradiation .... 387
5.9 Creep and Yield CriteTia.......cooeviiveererrncsisisenennensiorioneeeeseressossesensssenes 391
5.10 Plastic Deformation in Radiation..........ccoccveverneercescrscsnnrnenecererenseneons 394
5.11 Creep Deformation in Radiation..........cceveeenririnnnincinsnsivssenesensess 396
5.12 The Determination of Function K........ccccoeeimennicrenrinnninnnesecnnennnene 399
5.13 Phase Transformations.........cccceceevereerenesesienaesessessssssoesnesesssssessasresnrns 400
5.14 Stress-Strain Diagram under Phase Transformations .........c.cccocevenenee. 404
5.15 Effective TEMPEIAtUure ......ccoveeeeceevrernerrecsesessanarseesisstssesssssssesssssasssssessase 407
5.16 Mathematical Model of Deformation under Phase Transformations... 409
5.17 PT-Deformation under Heating or COOling ........c..cccvueeervervcricrnararcncns 413
5.18 Mathematical Description of Pseudo-elastiCity ......oecercevrverersererncnencs 415
5.19 Modeling of Pseudo-elasticity at Unloading.........ccovvecrveccsrirniirenennee 418
5.20 Modeling of Transformation PIastiCity ..........cceerveeeesrerrvnreerecriccsarrenens 421
521 CONCIUSIONS ....coveiririirireieieiitetreereee et eaessesee e satsasssese e ssessssaseene 423
5.22 CONCIUSIONS ....cocuieiiiiicneieientirce ettt ebeas s s sssesnssneseanens 424

References 427




