Contents

Part I The Principle of Virtual Work

1 Introduction ........ ... ... . . . .. . ... 3
2 The System . .. ... ... ... .. 5
3  The Principle of Virtual Work . . . . ....................... 7
4 What We See: The Velocities . . ... ....................... 9
4.1 The Actual Velocities . . . . ... ... 9
4.2 The Virtual Velocities. . . . ... ... ... .. 9
4.3 The Abstract Setting. . ... ............. ... 11
References . . . ... ... . e 12

5  The Actions Which are Applied to the System:
The Work of the External Forces. . . ... ................... 13
5.1 The Abstract Setting. . . . ............ .. .. ..., 14
Reference. . . . ... . e 14
6 What We See: The Velocities of Deformation . . ... ........... 15
6.1 The Rigid System Velocities . . . ..................... 16
6.2 The Abstract Setting. . ... ........... .. ..., 18
7 The Work to Change the Shape of the System ............... 19
7.1 The Abstract Setting. . . .. ..., 20
References . . . ... ... 21
8 The Work to Change the Velocities of the System . . ... ........ 23
8.1 The Abstract Setting. . ... .......... ..., 24
8.1.1 The Theorem of the Kinetic Energy . ........... 25
References . . . . ... .. e 26

vii


http://dx.doi.org/10.1007/978-3-319-40682-4_1
http://dx.doi.org/10.1007/978-3-319-40682-4_1
http://dx.doi.org/10.1007/978-3-319-40682-4_2
http://dx.doi.org/10.1007/978-3-319-40682-4_2
http://dx.doi.org/10.1007/978-3-319-40682-4_3
http://dx.doi.org/10.1007/978-3-319-40682-4_3
http://dx.doi.org/10.1007/978-3-319-40682-4_4
http://dx.doi.org/10.1007/978-3-319-40682-4_4
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_4#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_5
http://dx.doi.org/10.1007/978-3-319-40682-4_5
http://dx.doi.org/10.1007/978-3-319-40682-4_5
http://dx.doi.org/10.1007/978-3-319-40682-4_5#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_5#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_5#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_6
http://dx.doi.org/10.1007/978-3-319-40682-4_6
http://dx.doi.org/10.1007/978-3-319-40682-4_6#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_6#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_6#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_6#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_7
http://dx.doi.org/10.1007/978-3-319-40682-4_7
http://dx.doi.org/10.1007/978-3-319-40682-4_7#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_7#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_7#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_8
http://dx.doi.org/10.1007/978-3-319-40682-4_8
http://dx.doi.org/10.1007/978-3-319-40682-4_8#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_8#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_8#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_8#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_8#Bib1

viii

10

11
12

13

14

15

Contents
The Principle of Virtual Work and the Equations of Motion . . . . . 27
9.1 The Abstract Setting. . .. ........... ... ... ... ..... 28
9.2 How to Get the Principle of Virtual Work
from Experiments? . . .. ......... ... ... ., 28
9.2.1 The Smooth Evolution . .................... 29
9.2.2 The Non Smooth Evolution. . ................ 29
References . . . ... .. .. . 30
Summary of the Abstract Setting to get the Equations
of Motion . . .. ... .. .. .. . . .. 31
Part I Examples
Introduction . .......... ... .. .. . . . .. ... 35
Two Pointsona Line. . .. ......... ... ... ... ............ 37
12.1  The Velocities . . . ........... .. .. 37
12.2  The Velocities of Deformation. .. .................... 37
12.2.1  The Rigid System Velocities . . ............... 38
123 The Works . ... .. o 38
124  The Equations of Motion. . . .. ...................... 39
References . . .. ... ... . . 39
Three DisksinaPlane. . . . ............................. 41
13.1 The Velocities . . . . ... .. 41
13.2  The Velocities of Deformation. . .. ................... 41
13.2.1  The Rigid System Velocities . . ............... 42
133 ThePowers. ... ..... ... . . ... .. 42
13.4  The Equations of Motion. . . . ......... ... ... ........ 44
Three BallsonaPlane. . . .. ............................ 47
14.1  The System and the Velocities. . . . ................... 47
14.2  The Velocities of Deformation. . ..................... 47
14.2.1  The Rigid System Velocities . .. .............. 49
143 The Powers. .. ... ... i 49
14.4  The Equations of Motion. . . . ....................... 49
14.4.1  The Theorem of the Kinetic Energy . ........... 50
References . . .. ... . . 51
A Deformable Solid . . .. .......... ... ... .. ... ... ... .... 53
15.1 The Velocities . . . . ... . i 54
15.2 A Sophisticated Theory. . .. ....... .. ... . . ... 54
15.2.1 The Velocities of Deformation . . ... ........... 55
1522 ThePowers.......... ... ... .. ... ... . .... 56
15.2.3  The Equations of Motion. . . ................. 56
15.2.4  The Theorem of the Kinetic Energy ... ......... 57

15.2.5 The State Quantities . . . ... ................. 57


http://dx.doi.org/10.1007/978-3-319-40682-4_9
http://dx.doi.org/10.1007/978-3-319-40682-4_9
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_9#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_10
http://dx.doi.org/10.1007/978-3-319-40682-4_10
http://dx.doi.org/10.1007/978-3-319-40682-4_10
http://dx.doi.org/10.1007/978-3-319-40682-4_11
http://dx.doi.org/10.1007/978-3-319-40682-4_11
http://dx.doi.org/10.1007/978-3-319-40682-4_12
http://dx.doi.org/10.1007/978-3-319-40682-4_12
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_12#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_13
http://dx.doi.org/10.1007/978-3-319-40682-4_13
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_13#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_14
http://dx.doi.org/10.1007/978-3-319-40682-4_14
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_14#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_15
http://dx.doi.org/10.1007/978-3-319-40682-4_15
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec8

Contents ix

16

17

15.2.6  The Quantities Which Describe the Evolution . . . . . 57
15277 The Energy Balance . . ... .................. 57
1528 The Second Law ......................... 59
1529 The Entropy Balance. . . .. ..... ... ... ... .... 59
15.2.10 The Constitutive Laws. . . .. ....... ... ... .... 59
15.2.11 The Kinematic Compatibility Relationships . . ... .. 62
15.2.12 The Equations . . ......... ..., 63
15.2.13 The Angular Momentum Balance . . . ... ........ 63
15.3 A Less Sophisticated Theory . . . ....... ... ... ........ 64
15.3.1  The Velocities of Deformation . . ... ........... 64
1532 ThePowers . ..... ... ... ... .. . . 64
15.3.3  The Equations of Motion. . . ................. 65
153.4 The State Quantity . .. ..................... 65
15.3.5 The Quantities Which Describe the Evolution . . . .. 66
15.3.6  The Constitutive Laws. . . . .................. 66
15.3.7  The Free Energy and the Actual Power
of the Internal Forces . ... ....... ... ... ..... 66
15.4  An Upgraded Theory with the Angular Velocity . ......... 73
15.4.1  The Velocities of Deformation . . .............. 73
1542 ThePowers........... ..., 73
15.4.3  The Equations of Motion. . . ................. 74
15.4.4  The Constitutive Laws. . . .. ....... ... ... .... 74
15.4.5 The Kinematic Relationships . ................ 76
155 The Classical Theory . ........ ... ... ... ... ... ..... 77
15.5.1  The Velocities of Deformation . . . ............. 77
1552 ThePowers . ........ ... ... 78
15.5.3  The Equations of Motion. . . . ................ 78
15.5.4  The Constitutive Laws. . . .. ....... ... ... .... 78
15.5.5 The Angular Momentum Balance . . . ... ........ 79
References . . .. ... ... . e 79
Two Deformable Solids . . .. ............ ... .. ... ... ... 81
16.1 The Velocities . . . .. ...t 81
16.2  The Velocities of Deformation. . .. ................... 81
16.2.1  The Rigid System Velocities . . ............... 82
163 The Powers. ... ... .. 82
16.4  The Equations of Motion. . . . ....................... 83
16.5 Why the Contact Interaction of the Two Solids
Is Described by a Force?. . .. ...... ... ... ... ... .... 83
At a Distance Interactions: Continuum Reinforced by Fibers. . . . . 85
17.1  The Velocities . . . . ... .. i 85
17.2  The Velocities of Deformation. . .. ................... 85

17.2.1  The Rigid System Velocities . . ............... 86


http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec35
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec35
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_15#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_16
http://dx.doi.org/10.1007/978-3-319-40682-4_16
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_16#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_17
http://dx.doi.org/10.1007/978-3-319-40682-4_17
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec4

18

19

20

21

Contents

173  The Powers. .. ... 86
17.3.1  The Equations of Motion. . . ................. 87
References . . .. .. .. .. e 87
At a Distance Interactions: Continuum Reinforced by Beams. . . . . 89
18.1 The Velocities . . . . ...t 89
18.2  The Velocities of Deformation. . .. ................... 89
18.2.1  The Rigid System Velocities . . ............... 90
183 ThePowers. ..... ... . . ... .. 90
18.4  The Equations of Motion. . . . ......... ... ... ........ 92
18.5 Constitutive Laws. . ... ... .. .. 92
At a Distance Interactions: Continuum Reinforced by Plates . . . . . 93
19.1 The Velocities . . .. .. ...t 93
19.2  The Velocities of Deformation. . ... .................. 93
19.2.1 The Rigid System Velocities . . ............... 94
193 The Powers. .. ... ... .. i 95
19.4  The Equations of Motion. . . . ....................... 96
Damage of a Connection . .. ....... ... ... ... ............ 97
20.1 AnExample . ... ... ... ... 102
20.1.1  The Quasi-static Evolution. . . ................ 103
20.1.2  The Evolution. A Bungee Jumper. . ............ 105
References . . .. ... ... . . 108
Damage of a Rod Glued on a Rigid Surface . .. .............. 109
21.1  The State Quantities . . . ... ....... ..ttt 109
21.2  The Quantities Which Describe the Evolution . . .......... 110
21.3  The Principle of Virtual Power. . ... .................. 110
21.3.1  The Virtual Power of the Acceleration Forces . . . .. 111
21.3.2  The Virtual Power of the Internal Forces. .. ...... 111
21.3.3  The Virtual Power of the External Forces . ....... 112
21.4  The Equations of Motion. . . . ....................... 112
21.5 The Energy Balance . ... ....... ... ... ... ... ... .... 113
21.6  The Entropy Balance and the Second Law . ............. 114
21.7  The Constitutive Laws . .. ............. ... ..... 116
21.8 AnExample .. ... ... ... ... 116
21.81 TheSystem . ......... ..ot 117
2182 TheFree Energy. . ... ... ... ... ... ... .... 117
21.8.3  The Pseudo-Potential of Dissipation . ........... 118
21.84 The Equations . ............. ... ... 118

References . . . ... ... e 120


http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_17#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_18
http://dx.doi.org/10.1007/978-3-319-40682-4_18
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_18#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_19
http://dx.doi.org/10.1007/978-3-319-40682-4_19
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_19#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_20
http://dx.doi.org/10.1007/978-3-319-40682-4_20
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_20#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_21
http://dx.doi.org/10.1007/978-3-319-40682-4_21
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_21#Bib1

Contents

22 Damage of a Beam Glued on a Rigid Surface . . . . ... ... ... ...
22.1 The State Quantities . . . . .. ..... ..ttt
22.2  The Quantities Which Describe the Evolution . . ..........
22.3  The Principle of Virtual Power and the Equations

Of MOLION . . .« oo
22.3.1  Velocity Distributor and Wrench .. ............
22.3.2  The Derivative of a Distributor Depending on
Position. . ... ... ... ... ... .. ..
22.3.3  The Virtual Power of the Acceleration Forces . . . ..
22.3.4  The Virtual Power of the Internal Forces. .. ......
22.3.5 The Virtual Power of the External Forces . .......
22.3.6  The Principle of Virtual Power and the Equations
of Motion . . ........... .. ..
224 The Energy Balance . . .. ........ .. .. .. ... .. .....
22.5 The Entropy Balance and the Second Law . .............
22.6  The Constitutive Laws . .. ...... .. ... ... .. ... ...,
2277  AnExample .. ... ... ...
22.7.1 The Free Energy. . ... ..... ... .. .. .. ......
22.7.2  The Pseudo-Potential of Dissipation . ...........
2273 The Equations . ................... ... ...,
22.7.4  Properties of the Equations . .................
22.8 A Beam Third Gradient Theory . ... ..................
References . . ... ... . .

23 A Damageable Solid. . . .. ....... ... ... ... ... ... .. ...
23.1 The Velocities . . . . . o oo vttt e e e
23.2  The Velocities of Deformation. . .....................

23.2.1  The Rigid System Velocities . ................
233 The Powers. .. ... ... ...
23.4  The Equations of Motion. . . . .......................
References . . .. ... ... .

24 Two Damageable Solids . . . . ......... .. .. .. ... ...........
241 The Velocities . . . . . ..o vttt e e
24.2  The Velocities of Deformation. . .....................

24.2.1  The Rigid System Velocities . . ...............
243  The POWers. . ... ...t
24.4  The Equations of Motion. . .. ............ ... .....
References . . ... ... ..

25 Porous Solids. . .. ... ...
25.1 The Velocities . . . . ... ..ottt
25.2  The Deformation Velocities. . .. .....................

25.2.1  The Rigid System Velocities . . ...............

xi

141


http://dx.doi.org/10.1007/978-3-319-40682-4_22
http://dx.doi.org/10.1007/978-3-319-40682-4_22
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_22#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_23
http://dx.doi.org/10.1007/978-3-319-40682-4_23
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_23#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_24
http://dx.doi.org/10.1007/978-3-319-40682-4_24
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_24#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_25
http://dx.doi.org/10.1007/978-3-319-40682-4_25
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec4

xii

26

27

28

29
30

Contents
253 The Powers. .. ... ... 146
254  The Equations of Motion. . .. ............ .. ... ..... 147
Discontinuum Mechanics: Collisions and Fractures in Solids . . . . . 149
26.1 The Velocities . . .. ... .. 149
26.2  The Volume External Actions . .. .................... 150
26.3  The Surface External Action . . ...................... 150
26.4 The Effectof an Obstacle . . ... ..................... 151
265 The System........ ... ... 151
26.6  The Velocities of Deformation. .. .................... 152
26.6.1  The Rigid System Velocities . ................ 152
26.7 The Powers. .. ... ... . e 152
26.8  The Equations of Motion. . . . .......... ... ... ....... 153
26.9 Constitutive Laws. . . .. ... ........ ... ... .. ...... 154
26.10 An Example . ....... ... .. ... 157
References . . .. ... ... . . . . . 160
Comments. . ......... .. ... .0 161
Part III Large Deformations

Introduction . ... ..... ... ... ... ... 165
References . . . ... ... .. . . ... 166
The System . . . ... ... ... . . . e 167

There Is Neither Flattening nor Self-contact or Contact
with an Obstacle. Smooth Evolution . . . .. .................. 169
30.1  Description of the Motion . . . .. ........ ... ... ....... 171
30.1.1 Unknowns. ...............iiiiniuienn.. 172
30.2  Kinematic Relationships . . ......................... 172
30.3 The Velocities . . . . . . oot e 173
30.4 The Velocities of Deformation. . ... .................. 174
30.4.1  Which Gradient Theory? . ... ................ 174

30.4.2 The Velocities of Deformation Related
to Velocity U. oo 176
30.4.3 The Velocities of Deformation Related

to the Angular Velocity Q. .. ................ 177
30.4.4  Rigid System Velocities .. .................. 178

30.4.5 The Powers of the Internal, External and
Acceleration Forces. . . ... .................. 178

30.4.6  External Moment Applied by a Deformable
Screwdriver . .. ... .. L 182


http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_25#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_26
http://dx.doi.org/10.1007/978-3-319-40682-4_26
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_26#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_27
http://dx.doi.org/10.1007/978-3-319-40682-4_27
http://dx.doi.org/10.1007/978-3-319-40682-4_28
http://dx.doi.org/10.1007/978-3-319-40682-4_28
http://dx.doi.org/10.1007/978-3-319-40682-4_28#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_29
http://dx.doi.org/10.1007/978-3-319-40682-4_29
http://dx.doi.org/10.1007/978-3-319-40682-4_30
http://dx.doi.org/10.1007/978-3-319-40682-4_30
http://dx.doi.org/10.1007/978-3-319-40682-4_30
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec12

Contents

30.5

30.6
30.7
30.8
30.9

30.10
30.11

30.12

30.13

Xiii

30.4.7  External Moment Applied by a Rigid

Screwdriver . .. ... 188
30.4.8 How to See the Velocities of Deformation? . . . .. .. 191
The Principle of Virtual Power and the Equations
of Motion . . ... ... 191
30.5.1 The Linear Momentum Equation of Motion. . ... .. 192
30.5.2 The Angular Momentum Equation of Motion. . . . .. 196
The Mass Balance . .. ....... ... .. .. .. .. ... .. .... 198
The State Quantities . . . . ... ...t 199
The Quantities Which Describe the Evolution . ... ........ 199
The Constitutive Laws . .. ....... ... ... ... ... ..... 200
30.9.1 The Local Impenetrability Condition. . .......... 201
30.9.2  The Actual Power of the Internal Forces . ... ... .. 201
3093 The Free Energy. . ... ..... ... ... ... ... .... 203
30.9.4  The Pseudo-potential of Dissipation . ........... 206
30.9.5 The Energy Balance . . ..................... 206
309.6 TheSecond Law ......................... 208
30.9.7 The Clausius Duhem Inequality . . ............. 208
309.8 A Computation. . .. ............uiiinn... 209
30.9.9 The Constitutive Law for Stress Z . ... ......... 212
30.9.10 The Constitutive Law for Stress IT . . .. ......... 212
30.9.11 The Constitutive Law for Moment Flux A. . ...... 213
30.9.12 The Constitutive Law for Moment M . . . ... ..... 214
30.9.13 The Constitutive Law for Entropy Flux

Vector Q ............................... 214
30.9.14 The Constitutive Laws are Objective. . .. ........ 215
30.9.15 Free Energy and Convexity . . ................ 218
30.9.16 Some Other Large Deformation Free Energies . . . . . 218
The Entropy Balance .. ......... ... ... .. ... ..... 223
Initial and Boundary Conditions: An Example . . . ... ... ... 223
30.11.1 The Initial Conditions . . .. .................. 224
30.11.2 The Boundary Conditions for the Linear

Momentum Equation. . .. ............. .. .... 224
30.11.3 The Boundary Condition for the Angular

Momentum Equation. . .. ........ ... ... ..... 224
The Equations . . . . ... . . i 225
30.12.1 Variational Formulation of the Momentum

Equations . ........ .. .. .. .. .. .. 225
Properties of the Equations . . .. ....... ... ... ........ 227
30.13.1 Property of the Angular Momentum Equation . . . . . 227
30.13.2 External Moment and the Angular Equation

of Motion . . ....... ... ... .. 228

30.13.3 The Theorem of the Kinetic Energy ... ......... 231


http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec35
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec35
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec37
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec37
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec38
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec38
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec39
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec39
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec40
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec40
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec41
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec41
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec41
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec42
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec42
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec42
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec43
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec43
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec44
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec44
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec44
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec45
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec45
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec46
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec46
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec47
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec47
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec47
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec48
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec48

Xiv

31

32

Contents

30.14  SOIUtions. . . ..ot
30.14.1 An Existence Theorem . ....................
30.14.2 A Regularity Result .. .....................
30.14.3 The Local in Time Solution. . . ...............

30.15 The Equilibrium. . . .. ... ... ... ...

30.16 Incompressible Material . ..........................
30.16.1 The Usual Incompressibility Condition . .........
30.16.2 A Physical Incompressibility Condition. . ... ... ..

30.17 Plasticity with Large Deformations. . . .. ...............
30.17.1 Plasticity with Respect to Stretch . ... ..........
30.17.2 Plasticity with Respect to Rotation . . ...........

References . . ... ... ..

There Is Neither Flattening nor Self-contact or Contact
with an Obstacle. Non Smooth Evolution . ..................
31.1  Introduction. . ........... ... ..t
31.2 Internal Collision . . .. ... ..t
31.2.1  The Actual and Virtual Velocities. . ... .........
31.2.2  Equations of Motion and Constitutive Laws. . . .. ..
31.2.3  Variational Formulation. . . ..................
31.3  The Pseudo-potential of Dissipation . . .................
31.3.1 Crushing withdet W=0o3 .. ... ............ ..
31.3.2  Crushing with trcof (W) =3a ... ... ... .......
3133 Crushing with te!W=30. .. ... .. ... ... ...
314 Solution . ...
31.4.1  The Crushing Impenetrability Reaction . . ........
31.4.2 Example in 1D. An Internal Collision Due
to the Impenetrability Condition. . ... ..........
References . . ... ...

There Is No Flattening. There Is Self-contact and Contact
with an Obstacle. Smooth Evolution . . . ... .................
32.1 Introduction. .. .. ... ... .. ...
32.2  The Velocities of Deformation on Self-contact Surface . . . . ..
32.2.1 Rigid System Velocities . ...................
32.3  The Velocities of Deformation on Contact Surface
with the Obstacle . . .. ........ ... ... .. ... . . .....
32.3.1 Rigid System Velocities . ...................
324  The Axiom of the Internal Forces Power. . .. ............
32.4.1 The Powers of the Internal, External and
Acceleration Forces. . . .....................
32.5 The Power of the Internal Forces on Self-contact Surface . . . .

248


http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec49
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec49
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec50
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec50
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec51
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec51
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec52
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec52
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec53
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec53
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec54
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec54
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec55
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec55
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec56
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec56
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec57
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec57
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec58
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec58
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec59
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Sec59
http://dx.doi.org/10.1007/978-3-319-40682-4_30#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_31
http://dx.doi.org/10.1007/978-3-319-40682-4_31
http://dx.doi.org/10.1007/978-3-319-40682-4_31
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_31#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_32
http://dx.doi.org/10.1007/978-3-319-40682-4_32
http://dx.doi.org/10.1007/978-3-319-40682-4_32
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec8

Contents

33

XV
32.6  Consequence of the Axiom of the Internal Forces Power. . . . . 263
32.7 The Power of the Internal Forces on Contact Surface
withthe Obstacle . . .. ...... ... ... .. ... .. ... ....... 264
32.8  The Power of the Internal Forces to the Whole System. . . . . . 265
32.9  The Power of the Acceleration Forces and the Power
of the External Forces. . . ... ........ ... ... ......... 266
32.10 The Equations of Motion on Self-contact Surface. . ........ 266
32.11 The Equations of Motion on a Contact Surface
with the Obstacle . . .. ....... ... ... ... ... ......... 267
32.12 The Non Local Impenetrability Conditions . ............. 267
32.12.1 On the Self-contact Surface . . .. .............. 267
32.12.2 On Contact Surface with the Obstacle. . ......... 268
32.13 The Free Energies . ........... ... ... ... ... ... .... 269
32.13.1 The Self-contact Impenetrability Free Energy. . . . .. 269
32.13.2 The Obstacle Bilateral Free Energy. ... ......... 269
32.13.3 The Obstacle Unilateral Free Energy. .. ......... 270
32.14 Clausius Duhem Inequalities . .. ..................... 270
32.14.1 On Self-contact Surface. . . .................. 270
32.14.2 On Contact Surface with the Obstacle. . ... ... ... 271
32.15 Constitutive Laws on Self-contact Surface. .. ............ 272
32.16 Constitutive Laws for the Obstacle and on Contact
Surface with The Obstacle. . ... ..................... 272
32.16.1 The Dissipative Constitutive Laws . ... ......... 273
32.16.2 The Evolution of the Structure. The Smooth
Evolution. . . . ... ... ... ... ... .. ... ... 274
32.17 Contact Either on a Line orata Point. . . ... ............ 274
References . . .. ... .. . . . e 274
There Is No Flattening. There Is Self-contact and Contact
with an Obstacle. Non Smooth Evolution . . . ... ... ....... ... 275
33,1 Introduction. . ........... .. ... . 275
33.2  The Velocities of Deformation on Self-contact Surface . . . . .. 275
33.2.1 Rigid System Velocities . ................... 276
33.3  The Velocities of Deformation on Contact Surface
withthe Obstacle . . .. ..... ... ... .. ... ... ......... 276
33.3.1 Rigid System Velocities .. .................. 277
33.4  The Self-contact Collision Equations of Motion . . . ........ 277
33.5 The Obstacle Collision Equations of Motion . .. .......... 278
33.6 The Constitutive Laws . .. ......................... 279
337  The Non Smooth Evolution of the System. . .. ........... 280
33.7.1 Collision witha Fluid . .. ................... 280

References . . . ... ... e 280


http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec18
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec19
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec20
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec21
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec24
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec25
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec26
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec27
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec28
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Sec29
http://dx.doi.org/10.1007/978-3-319-40682-4_32#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_33
http://dx.doi.org/10.1007/978-3-319-40682-4_33
http://dx.doi.org/10.1007/978-3-319-40682-4_33
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_33#Bib1

XVi Contents
34 Flattening. Smooth and Non Smooth Evolutions . . . ... ........ 281
34,1  Introduction. . ... ........ ...t 281
342  Description of the Motion . . . .. ........ ... ... ....... 283
343 TheMassBalance . .................... ..., 283
34.4  The Equations of Motion. . .. ....................... 286
34.5 The Kinematic Relationships . . . ..................... 286
34.6  The State Quantities and Quantities Which Describe
the Evolution . .. ........ ... ... ... ... ... .. ...... 287
347 The Constitutive Laws . . . ......................... 288
34.7.1  The Local Impenetrability Condition. . .......... 288
34.7.2  The Free Energy and Pseudo-Potential
of Dissipation. . . ............ .. ........... 289
3473  Clausius Duhem Inequality .................. 291
3474  The Constitutive Laws. . . .. ................. 292
34.8  The Evolution of the Structure. The Smooth Evolution . . . . .. 292
349  Solutions. . ... ..ot e 292
3410 The Flatten Part. . . ...... ... .. .. .. ... .. .. .. ..... 293
34.10.1 Virtual Velocities Compatible with Flattening. . . . . . 293
34.10.2 The Actual Velocities in the Flatten Part . ... ... .. 296
34.10.3 The Reactions in the Flatten Part . ... .......... 301
34.10.4 The Power of the Internal Forces
in the Flatten Part. . . . ..................... 308
34.10.5 The Equations in the Flatten Part . . ... ......... 310
3411 AnExample .. ... ... ... ... .. 317
34.11.1 The Rod Flattens . . ....................... 318
34.11.2 The Flatten Rod Twists. . .. ................. 320
34.11.3 Measurement of the Physical Parameters . . . . ... .. 323
34.11.4 The Equations of Motion on a Part Flatten
intoaBeam.............. ... .. .. .. ... ... 323
34.12 The Equilibrium. . . . ... ... . ... . 329
34.12.1 The Set K of the Admissible Positioning. . . ...... 329
34.12.2 The Boundary Conditions and External Forces. . . . . 330
34.12.3 The Equilibrium Positioning. . . .. ............. 331
34.13 The Non Smooth Evolution. . . ...................... 332
34.13.1 The Equations of Motion. . ... ............... 333
34.13.2 The Constitutive Laws. . . . .................. 333
34.13.3 The Case RankW = 2. Variational Formulation. . . . . 334
34.13.4 The Case RankW = 1. Variational Formulation. . . . . 337
34.13.5 The Case RankW = 0. Variational Formulation. . . . . 339
3414 CommentS. . . . .o v it e 340
References . . . ... .. .. e 342
35 Conclusion. . . ......... .. .. 343


http://dx.doi.org/10.1007/978-3-319-40682-4_34
http://dx.doi.org/10.1007/978-3-319-40682-4_34
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec1
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec2
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec3
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec4
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec5
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec6
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec7
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec8
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec9
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec10
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec11
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec12
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec13
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec14
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec15
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec16
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec17
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec22
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec23
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec30
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec31
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec32
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec33
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec34
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec36
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec37
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec37
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec37
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec38
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec38
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec39
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec39
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec40
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec40
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec41
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec41
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec42
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec42
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec43
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec43
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec45
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec45
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec47
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec47
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec49
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Sec49
http://dx.doi.org/10.1007/978-3-319-40682-4_34#Bib1
http://dx.doi.org/10.1007/978-3-319-40682-4_35
http://dx.doi.org/10.1007/978-3-319-40682-4_35

Contents xvii
Appendix A: The 3 x 3 Matrices. . . . .............. ... ....... 345
Appendix B: Pseudo-Potential of Dissipation . .. ................. 367

Appendix C: Function of Dissipation . . . .. ..................... 369



2 Springer
http://www.springer.com/978-3-319-40681-7

Virtual Work and Shape Change in Solid Mechanics
Fremond, M.

2017, XV, 371 p. 17 illus., Hardcover

ISBN: 978-3-319-40681-7



	Contents



