Contents

1 Theoretical Basis of the Structural Modeling Method . . . .. .. ... .. 1
1.1, Review of References sz sss wapssasssanssmsnssss s9s ¢ 554 1
1.1.1 Discrete and Continuum Models of Solids: A Brief
HSTOTICALTREVIBIN: .. oto oot s s i oo e s e s 2
1.1.2 Development of Models of Microstructured Solids
with, Account of Particle Rotation« « « v s 5 55 5 s st svs s 5 5
1.1.3 Experimental Research of Dynamic Properties
of Microstructured Media. . .. ..................... 6
1.2 Methods of Description of Different Scale Levels. ... ......... 8
1.3 Limits of Applicability of the Classical Mechanics Laws
to Modeling of Generalized Confinua « s :s«cssssssssnsnes o 13
1.3.1 Quantum and Classical Descriptions of Microparticles . . .. 13
1.3.2 'The Uncertainty Relation . . . wccmi vioms v e s wwin s oo 15
1.3.3 A Microparticle as a Localized Wave Packet. . ......... 16
1.34 The:Conformity Prmeiples s v snsmmpess ssnwasssstan 18
1.4 Principles of the Structural Modeling Method .. ............. 20
1.5 Conclusions . ... ... 25
References . . o v v vt ie e i e 25
2 A 2D Lattice with Dense Packing of the Particles. . . . .. ......... 35
2.1 The Discrete Model for a Hexagonal Lattice Consisting of Round
Particles . . ... oot 35
2.2 The Continual Approximation . . .. ....................... 39
2.3 Influence of Microstructure on Acoustic Properties
of A Melium. ; « semmsass ensne voon S50 8 50 FETE BT 5E LS 5 41
2.4 Dispersion Properties of Normal Waves. . .................. 43
2.4.1 Dispersion Properties of the Discrete Model .. ......... 43
2.4.2 Dispersion Properties of the Continual Model . ......... 48
2.5 ConclusSionS i sis.s &5 &5s 55 55 5565058 66 060 5568 5560098 La5 31
25 {5 (- 1 Lo R 52

Xix



XX Contents

3 A Two-Dimensional Lattice with Non-dense Packing of Particles . . .
3.1 The Discrete Model for an Anisotropic Medium Consisting
of Ellipse-Shaped Particles . ............................
3.2 The Continuum APProXimation . . ; <= s s s swass s sawmss ¢ s5ms
3.2.1 Dependence of the Anisotropy of the Medium
on Its Microstructure . .. ........... ... ... .......
3.2.2 A Square Lattice of Round Particles . . ...............
3.2.3 A Chain of Ellipse-Shaped Particles . ................
3.3 Influence of Microstructure on Acoustic Properties
ofthe Medium . . ........ ... .. ... .. ... ..
3.3.1 Dependence of the Elastic and Rotational Wave
Velocities on the Shape of the Particles in the 1D
LAtCe: wummns sosmmuesasnasss damass mmdssssmas
3.3.2 Dependence of the Acoustic Characteristics of the 2D
Anisotropic Medium on the Microstructure Parameters . . .
3.4 Dispersion Properties of Normal Waves. ... ................
3.4.1 Dispersion Properties of the Discrete Model . ..........
3.4.2 Dispersion Properties of the Continual Model . .........
35 Conclusions . . ...
References . .. ...

4 Application of the 2D Models of Media with Dense and Non-dense
Packing of the Particles for Solving the Parametric Identification
Problems. .. ... ... ... . ... . ...
4.1 Reduced (Gradient) Models of the Theory of Elasticity. ... .. ...
4.2 Problems of the Material Identification ....................

4.2.1 Identification of the Medium with Hexagonal
Symmetry .. ...
4.2.2 Identification of the Medium with Cubic Symmetry. . .. ..
4.3 Comparison with the Cosserat Continuum Theory ............
4.4 Influence of the Microstructure on the Poisson’s Ratio
of an Isotropic Medium .. ............ ... ... ... ... .....
4.5 Influence of the Microstructure on the Poisson’s Ratios
of the Anisotropic Medium . . .. ....... ... ... ... ........
4.6 Conclusions . .. ......tt it
RETCTENEES 5 5 515 .0 6 mms 5 8 5.5 8 K6 515 & 805 B 5 5, 5 06k ot 5 51 505580 5 5§ il 0

5 Nonlinear Models of Microstructured Media .. ................
5.1 A Rectangular Lattice Consisting of Ellipse-Shaped Particles . . . .
5.2 Estimation of the Nonlinearity Coefficients of the Mathematical

Model of the Square Lattice of Round Particles ... ...........
5.3 The Square Lattice of Nanotubes. . .......................
53.1 TheDiscrete Model . . ...........................
5.3.2 The Continual Approximation .....................

55

55
60

61
64
64

65

65

67
69
69
75
79
80

83
83
87

88
91
95

97

101
104
105

109
109



Contents

7

5.3.3 Relationships Between the Macroparameters of the
Material and the Parameters of Its Inner Structure . . .. ...
54 ConcluSions . . ... ..ot
References . . ... oot

A Cubic Lattice of Spherical Particles ... ....................
6.1 A Discrete 3D Model of a Crystalline Medium of Spherical
PALRICLES ... . o oo o1 1m0 e s s v o o s i o o o s e 1 551 3
6.2 Nonlinear Model of a One-Layer Medium of Spherical
Particles . . ... ...
6.2.1 The Continuum APProxXimation : « s s «::sswssss s om0
6.2.2 Dependency of the Macroparameters of a One-Layer
Medium on the Parameters of Its Microstructure . . . .. ...
6.2.3 3D Model of a Crystalline Medium of Spherical
PAFCIES « s e sasmnaenspnumoss s per 3es s gy s es
6.2.4 Continuum Approximation........................
6.2.5 Dependence of the Macroparameters of the 3D Medium
on the Parameters of Its Microstructure . . . . ...........
6.2.6 Comparison of the Proposed Model with the 3D Cosserat
COMINUUMM - w5 v v o5 smsmnassssn s s Eenss s s s s
6.3 Conclusions . . ... ...ttt
References . . . ... ..o

Propagation and Interaction of Nonlinear Waves in Generalized
CONNUAL: 5 565 4555535 3105 FAEELE B9 20085 H RS LELEESFH0E 0§
7.1 Localized Strain Waves in a 2D Crystalline Medium
with Non-dense Packing of the Particles ...................
7.2 A 1D Medium Consisting of Ellipse-Shaped Particles
and with: Internal SESSES o ¢ v sm v maww v an guws s m s s woses
7.2.1 Mechanical Model of a 1D Medium with Internal
eSS .« v et e e
7.2.2 Equations of the Gradient Theory of Elasticity for a 1D
Mediiim with Internal SGeSSes « s svswss v vssosnvures
7.3  Self-modulation of Shear Strain Waves Propagating in a 1D
Granular Medium . . . . ... ... .. ...
7.3.1 The Modulation Instability Areas .. .................
7.3.2 Forms of Wave Packets in the Case of the Modulation
INSEADTHEY: & 50 50 5 wm @ s © B0 2 0% 6 5 B0 @ @ S 5 S8 E S 3
7.4 Nonlinear Longitudinal Waves in a Rod Made of an Auxetic
Material . .. ... ..
7.4.1 The Linear Mathematical Model. Dispersion Properties . . .
7.4.2 The Nonlinear Mathematical Model. Stationary Strain

XXi



Xxii Contents

7.5 Application of an Alternative Continualization Method for
Analysis of Nonlinear Localized Waves in a Gradient-Elastic

Medium . . ... 180

7.5.1 One-Dimensional Model of a Nonlinear Gradient-Elastic
Continuum . ........... . 181
7.5.2 Nonlinear Strain Waves . ... ..............oo. ... 183
7.6 ConcluSions . .. .....v vt 187
References . . . ... 189
Correction to: Structural Modeling of Metamaterials . ........... .. €l
Discussion of the Results . ... ......... ... ... ... .. ... .......... 195

Appendix A: Expressions for Elongation of the Springs in the
Hexagonal Lattice. . . .............................. 201

Appendix B: Expressions for Elongation of the Springs in the
Rectangular Lathice. . . :«u: sussinsvnssans snsompins s 203

References . ... ... . 207



