Contents

1

Introduction ..............
1.1 Porous Material ...t
1.2 Physical MechaniSm ............ccooiiiiiiiiiiiiiiiiiiiiiiiiiianns
1.2.1 Drained and Undrained Responses......................
1.2.2 Time and Length Scale ...
1.2.3 Skempton Pore Pressure Effect .........................
1.2.4 Effective Stress for Volumetric Deformation............
1.2.5 Effective Stress for Pore Collapse..............c..vvunn.
1.2.6 Fluid Storage .........cccoviiiiiiiiiiiiiiiiiicc
1.2.7 Thermoelasticity Analogy .........c.oovviiiiiinn...
1.2.8 Coupled Versus Uncoupled Diffusion ..................
1.3 Poroelastic Phenomena ..ot
1.3.1 Borehole Failure ............oooooiiiiiiiiiiiiiiiiii.
1.3.2 Mandel-Cryer Effect...........coooiiiiiiiiiiiiiiiinn.
1.3.3 Noordbergum Effect .............oooooiiiiiiiiiiiii
1.34 Land Subsidence ...........ooooiiiiiiiiiiiiiiiiiiin.
1.3.5 Slope Stability and Fault Slippage ......................
1.3.6 Fluid Induced SeismicCity ............c.uvvuuuuiinnnnnnnnn.
1.3.7 Outburst of Coal ..o
1.3.8 Hydraulic Fracturing..............ccooiiiiiiiiiiiin.
1.3.9 Water Wave and Seabed Interaction ....................
1.3.10  Tidal and Barometric Efficiency ........................
1.3.11  Biomechanics ...........cccovviiiiiiiiiiiiiiiieinnnnn.
1.3.12  Poroviscoelasticity and Anelastic Strain Recovery ....
1.3.13  Porothermoelasticity and Thermal Fracturing..........
1.3.14  Poroelastodynamics and Seismoelectric Effect.........
1.3.15  Swelling of Clay and Shale....................cooooait
1.3.16  Nanoporous Material ..............cccoiiiiiiiiiiiin.
REfEIONCES . ..o ee e

[0, T SN NS

12
16
17
18
21
22
22
26
27
29
30
32
33
35
38
40
4
43
44
45
47
47
48

XVii



XVviii

Contents

Constitutive Equation ....................cooiiiiiiiiiiiiii 61
2.1 Physical Versus Phenomenological Approach..................... 62
2.2 Stress and Strain of Porous Medium ............................... 64
2.2.1 N (S 64

2.2.2 SErain ..o 66

2.3 Poroelastic Constitutive Equation..............ccoviiiiiiiiinn 67
2.3.1 Isotropic Elastic Material ..............oooooieiiiiiiine. 67

232 Isotropic Poroelastic Material ........................... 69

233 Reciprocal Work Theorem ................ccoviiinnn... 70

234 Stress-Strain Relation......................ooooeeeeiii 73

2.3.5 Strain-Stress Relation....................cooiviieeioii 73

2.4 Bulk Material Constant ...............cooeeeiiiiiiiiieeeeiiiiiaann. 75
2.4.1 Drained and Undrained Constant ....................... 75

2.4.2 Effective Stress Coefficient.............................. 77

2.4.3 Pore Pressure Coefficient................................ 78

244 Storage Coefficient ............ccooviiiiiiiiiiiiie... 79

R erenNCesS . ..o 81
Micromechanics ............ ...t 83
3.1 Micromechanical Analysis .........ccoooiiiiiiiiiiiiiiiiiiiiinn, 84
3.1.1 Solid and Pore Volumetric Strain ....................... 84

3.1.2 Fluid Volumetric Strain..................coooeeieiiinn... 87

3.1.3 Link Among Material Constants ..............c.......... 88

3.2 Ideal Porous Medium ...........oooiiiiiiiiiiiiiiiie i 89
3.3 Effective Modulus ... 92
3.3.1 Mackenzie Model .............cooooiiiiiiii 92

3.3.2 WalshModel ... 93

333 Budiansky and O’Connell Model ....................... 94

3.34 Bounds on Material Constants .......................... 95

34 Nonlinear Model ..........oooiiiiiiiii i 97
34.1 Effective Stress Dependent Pore Compressibility...... 98

34.2 Compaction Induced Permeability Change............. 100

3.5 Laboratory TSt ... ... 102
3.5.1 Drained Test.......ooooiiiiiiiiiiii e 103

3.5.2 Undrained Test ......ooooiiiiiiiiine i 104

353 Unjacketed TesSt .....vvvvvieiiiiiiiiieeenns 104

3.6 Table of Poroelastic Constants ................ccovveeeeeiiiinnnnnn.. 105
R erenNCeS . ..o 109
Variational Energy Formulation............................ 113
4.1 Internal and External Stress and Strain ............................ 114
4.1.1 POTOSTLY . vt 115

4.1.2 Volume and Surface Averaging of Elastic Material .... 117
4.1.3 Volume and Surface Averaging of Porous Material .... 120
4.1.4 Linkage Between Internal and External Strains ........ 123



Contents Xix
4.2 Thermodynamic Principles ..........ccoooiiiiiiiiiiiiiiiiinn. 125
4.3 Variational Formulation .....................cooiiiiiiiiiiiina... 129

43.1 Virtual Work ... 130
432 Internal Energy.........ccoooiiiiiiiiiiiiiiiiii s 130
433 Porosity Equilibrium..............coooiiiiiii 132
44 Constitutive EQuUation ............cooiiiiiiiiiiiiiiiiiiic i, 133
44.1 Linear Material Model................................... 133
442 Linear Model ..............oooiiiiii i 135
4.5 Intrinsic Material Constant ..................coiiiiieiiiiiiiiina... 137
45.1 Effective Solid Bulk Modulus........................... 137
452 Fundamental Deformation Mode ....................... 138
453 Microisotropy and Microhomogeneity:
Ideal Porous Medium ................oooiiiieeiiiiiinn.. 139
4.6 Link with Phenomenological Model .....................ooooiian 141
4.6.1 Link with Bulk Continuum Model ...................... 142
4.6.2 Link with Micromechanics Model ...................... 146
4.7 Deviation from Ideal Porous Medium ............................. 147
4.8 Limiting Material Properties ...............ooooiiiiiiiiiiiian. 151
4.8.1 Ideal Porous Medium .................ccooviieeieiiiinn... 151
4.8.2 Granular Material .................oooiiiiiiiiiine e, 152
4.8.3 Soil Mechanics Model: Saturated ....................... 154
4.8.4 Soil Mechanics Model: Nearly Saturated............... 155
4.8.5 Highly Compressible Solid.................coociiiii 156
4.8.6 Highly Compressible Fluid...................coooie 156
4.9 Material Stability and Energy Diagram............................ 157
4.10  Semilinear Model ............cooiiiiiiii 160
4.10.1  Geometric Nonlinearity............ccceeviiiiieeeeainnn. 161
4.10.2  Structural Nonlinearity .............ccccovviiiieeeannn. 161
4.11  Laboratory Measurement of Intrinsic Constant ................... 163
R ereNCeS . . oot 166
S AMISO I OPY oo 171
5.1 Anisotropic Constitutive Equation ...............coooiiiiininnnn. 171
5.1.1 EIaStiCity ...vvveiiiiiiii e 172
5.1.2 Poroelastic Stress-Strain Relation....................... 173
5.1.3 Poroelastic Strain-Stress Relation....................... 175
5.2 Material Symmetry ... 176
5.2.1 OrthOotrOPY ..o v 177
5.2.2 Transverse ISOtroPY .....vvvveriiiiiiiiieeennns 179
523 TSOLTOPY vttt 180
5.3 MICTOMEChANICS. ...ttt ettt 181
54 Ideal Porous Medium ...........oooiiiiiiiiiiiiiiiie i 183
5.5 EXamPIe ... 185

R OIENCES ... 186



XX

Contents

Governing Equation ...t 189
6.1 Darcy’s Law ....oouiiii i 190
6.1.1 Darcy’s Empirical Law ..o 190
6.1.2 Homogenization Theory ..., 192
6.1.3 Intrinsic Permeability and Mobility Coefficient........ 195
6.1.4 Irreversible Thermodynamics Process .................. 196
6.2 Other Physical Laws ...t 199
6.2.1 Mass ConServation.........oeeuueeeeeenniiiiiieeennnnnnns 199
6.2.2 Force Equilibrium................ooooiii 201
6.3 Governing Equation. ..ot 203
6.3.1 Navier-Cauchy Equation ..................ooooiin.. 204
6.3.2 Diffusion Equation................cooiiiiiiiiiiii 205
6.3.3 Compatibility Equation.................ooooiiii., 206
6.3.4 Harmonic Relation................coooiiiiiiiiiiii. 207
6.3.5 OrthotroPY .« ottt 208
6.3.6 Transverse ISOtropy .......oovuvviiiiiiiiiiiiiii i, 209
6.4 Degenerated Governing Equation...............ccoiiiiiiiiainn 209
6.4.1 Drained and Undrained State.................ccooouuaes 209
6.4.2 Soil Mechanics Model ..., 210
6.4.3 Irrotational Displacement Field ......................... 210
6.4.4 Uncoupling of Diffusion Equation...................... 212
6.5 Boundary Value Problem ... 213
6.5.1 Existence and Uniqueness ............ooovveeeeennnnnn... 214
6.5.2 Boundary Condition .............ccoviiiiiiiiiiiiiiii. 216
6.6 Field EQUation..........uuiiiiiii e 218
6.6.1 Biot Function...........ccooiiiiiiiiiiiiii 218
6.6.2 Biot Decomposition .............cccoiiiiiiiiiiiiiiiii 220
6.6.3 McNamee-Gibson Displacement Function ............. 222
REfEIONCES . . ..ttt 226
Analytical Solution ........ ... ... ... 229
7.1 Review of Early Work ... 229
7.2 Uniaxial Strain ..... ... 233
7.2.1 TSOLTOPY vttt 233
7.2.2 Transverse ISOtroPY .....vvvvviiiiiiiiiiiiennnns 235
7.3 One-Dimensional Consolidation Problem ......................... 236
7.3.1 Terzaghi’s Consolidation Problem ...................... 236
7.3.2 Loading by Fluid Pressure.................oocooiiii. 242
7.3.3 Variable Rete Loading ............cooeviiiiiiiiiinn. 244
7.3.4 Harmonic Excitation...............ccooiiiiiiiiiiii. 246
7.4 Plane Strain..........ooiiiiiiiii 250
7.4.1 OrthOotroPY ..o v v 251
7.4.2 TSOLTOPY v vttt 252

7.4.3 Volumetric Strain and Rotation Formulation ........... 253



Contents Xxi
7.5 Generalized Plane Strain ............ooooiiiiiiiiiiiiiiiiin i, 254
7.5.1 Definition of Generalized Plane Strain ................. 254

7.5.2 Pure Shear....... ... 257

7.5.3 Warping ....oooovnniiii i 257

7.5.4 TOTSION ..ttt 260

7.5.5 Plane Strain ...ttt 261

7.5.6 Axial Strain ......oooici 261

7.5.7 Pure Bending..........cooviiiiiiiiiiiiiiiiii 262

7.6 Pure Bending of Plate..............ocooiiiiiiiiiiiiii 264
7.6.1 Bending of Cantilever Plate ............................. 265

7.6.2 Buckling of Axially Loaded Plate....................... 272

7.7 Mandel Problem ... 274
7.8 Water Wave Over Seabed...........ccovviiiiiiiiiiiiiiiiiiiian. 284
7.9 Spherical Symmetry ...ttt 295
7.10  Cryer Problem..........ccooiiiiiiii 297
7.11  Spherical Cavity ........cooiiiiiiiiiiiiiiii s 306
7.11.1  Pressurized Cavity .......oeeveiiiiiiiiiiiiiiiiieennn. 306

7.11.2  Excavated Cavity .........ccooviiiiiiiiiiiiiiiiiiieann. 309

7.11.3  Pore Pressure Meter Problem ........................... 310

712 AXIal SYMMELIY . ..ueetetee e 316
7.13  Cylinder Problem ...........ooooiiiiiiiiiiiiiiiiiiiiiiii s 319
7.13.1  Solid Cylinder...........ccooiiiiiiiiiii i, 319

7.13.2  Hollow Cylinder ..........ccoviiiiiiiiiiiiiiiiiean. 331

7.14  Borehole Problem...........ooooiiiiiiiiiiiiii i 336
7.14.1  Plane Strain Borehole Problem.......................... 337

7.14.2  Inclined Borehole Problem .......................oo.. 350

7.15  Borehole and Cylinder Application Problems..................... 356
7.15.1  Retrieval of Cylindrical Core...............cooeeeiinn. 356

7.15.2  Excavated Borehole................oooooiiiiiiiiii 358

7.15.3  Fluid Extraction and Injection........................... 363

7.15.4  Borehole Breakdown Pressure .......................... 365

7.15.5  Borehole Stability Analysis .........ccccvviiiiiian. 367

7.16  Moving Load on Half Plane ..................ooooiiiiiiiiii, 371
7.17  Plane Strain Half Space and Layered Problem .................... 379
7.17.1  General Solution for Layered Problem ................. 380

7.17.2  Plane Strain Half Space Problem ....................... 381

7.18  Axial Symmetry Half Space Problem.............................. 385
REfEIONCES . . ..ttt 389
8 Fundamental Solution and Integral Equation........................... 397
8.1 Reciprocal Theorem ............ccoooiiiiiiiiiiiiiiiiiiiiiiiianns 398
8.1.1 Green’s Second Identity ..o 398

8.1.2 Betti-Maxwell Reciprocal Theorem .................... 399

8.1.3 Reciprocal Theorem of Poroelasticity .................. 400



XXii

Contents

8.2 Somigliana Integral Equation ...............ccooiiiiiiiiiiiii. 404
8.2.1 Green’s Third Identity ..o, 404

8.2.2 ElastiCity .......ooviiiiiiiiiiii i 405

823 Poroelasticity .. ....uvveeeiiiiii 405

8.3 Fredholm Integral Equation ..............ooooiiiiiiiiiiiiinn, 411
8.3.1 Potential Problem ... 411

8.3.2 ElastiCity .......ooviiiiiiiiiiiiiiiii i 413

833 PoroelastiCity ... ...uvveeeiii 413

8.4 Stress Discontinuity Method ................coooiiiiiiiiiii 415
8.5 Displacement Discontinuity Method.....................ooooian. 418
8.6 Dislocation Method ..o 420
8.7 Galerkin Integral Equation ..............oooooiiiiiiiiiiiiiiin, 422
8.8 Fundamental Solution ..............ccooiiiiiiiiiiiiiiiii, 424
8.8.1 Elementary Fundamental Solution...................... 424

8.8.2 Elasticity Fundamental Solution ........................ 426

8.9 Poroelasticity Fundamental Solution ...................oooooian. 431
8.10  Fluid SOUICE.....uvetiii it 435
8.10.1  Continuous SOUICE.........uuveieeiniiiiieeiiiiiieee.. 436

8.10.2  Instantaneous SOUICE ..........ccevvurriieeeernnnnnnennn. 441

811  Fluid Dipole......cooouiiiiiiiii i 444
8.11.1  Continuous Dipole............ccovviiiiiiiiiiiiii... 445

8.11.2  Instantaneous Dipole ..........cccooiiiiiiiiiiiiia... 448

8.12  Fluid Dilatation .............cooiiiiiiiiiiiiiiiiiii i 450
8.12.1  Continuous Fluid Dilatation............................. 450

8.12.2  Instantaneous Fluid Dilatation .......................... 451

813  FIuid FOrce .......o.uuviiiiiii 453
8.13.1  Continuous Fluid Force.................cooooiiiiiot. 453

8.13.2  Instantaneous Fluid Force ...................oooiit. 454

8.14  Fluid Dodecapole .........oouuiiiiiiiiiiiii i 454
815  Total FOICe ..ot 456
8.15.1  Continuous Total Force .................ooooiiiiiot. 457

8.15.2  Instantaneous Total Force ................coooiiiiie.. 460

8.16  Solid Quadrupole and Hexapole .............ccooiiiiiiiiiiiinn. 461
8.17  Solid Center of Dilatation .............ooveiiiiiiiiiiiiinniinn. 463
8.18  Displacement DiScontinuity ............coeeeeeiiiiiiiiiieniiinnn. 465
8.19  Edge Dislocation ...........oouuuiieiiiiiiiiiiiiiiiiii s 467
8.20  Fundamental Solution Relation Based on Reciprocity ............ 469
REfEIONCES . ...ttt 471
Poroelastodynamics .................cooiiiiiiiiiiiii 475
9.1 Dynamic Equilibrium Equation .................coooiiiiiiiiiin.. 476
9.2 Dynamic Permeability ..........ccooiiiiiiiiiiiiiiiiiiiiiiiiii 486
9.3 Governing EqQuation. ... 493
9.4 Wave Propagation ...........coooiiiiiiiiiiiiiiiiiiiiiiiiia 497
9.4.1 Elastic Wave...... ...t 497

94.2 Poroelastic Wave ........cooiiiiiiiii i 499



Contents

10

11

xxiii
9.5 Phase Velocity and Attenuation ...............cceeeviiiieeeennn. 503
9.5.1 Phase VeloCity.........cocovviiiiiiiiiiiiiiii s 504
9.5.2 ACNUATION . . oottt 509
9.53 Extended Biot Models ............cccooiiiiiiiiiiiiin. 512
9.6 One-Dimensional Wave Problem ... 517
9.6.1 Half Space.......coovviiiiiiii 520
9.6.2 Finite Thickness Layer .............ccoooiiiiiiiiiinn. 521
9.7 Thermoelasticity Analogy ..........ccoeviiiiiiiiiiiiiiiiiiean. 527
9.8 Poroelastodynamics Fundamental Solution ....................... 529
9.8.1 Elastodynamics Fundamental Solution ................. 531
9.8.2 Helmbholtz Decomposition................ccceeviinnn... 531
9.8.3 Three-Dimensional Point Force Solution............... 536
9.8.4 Three-Dimensional Fluid Source Solution ............. 542
9.8.5 Two-Dimensional Fundamental Solution............... 544
9.9 Integral Equation Representation ..............cccooviiieeeeennn. 545
9.10  Plane Wave Reflection and Refraction............................. 547
9.10.1  Plane Strain Wave Solution................cceeeviiiinn.. 547

9.10.2  Reflection on Free Surface—Non-Dissipative
Medium ....oooviiii 549
9.10.3  Reflection on Free Surface—Dissipative Medium ..... 556
9.10.4  Impermeable Surface .............ccoviiiiiiiiiiiiiini. 560
9.10.5  Fluid and Porous Medium Interface .................... 562
REfEIONCES . . .ottt 567
Poroviscoelasticity .................co 573
10.1 VISCOCIASTICILY . . v v 575
10.1.1  Spring and Dashpot Model ...............ccooviiinnnnn. 575
10.1.2  Correspondence Principle .............ccoovviiinnnnn. 577
10.2  POroviSCOCIASTICILY ... vt 580
10.2.1  Correspondence Principle .............ccooviiinnnnn. 580
10.2.2  Intrinsic ModelS..........oouuiiiiiiiiiiiiiiiiinnns 581
10.3  Borehole Problem............cooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiia 585
10.4  Cylinder Problem ...........ccoooiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaans 588
10.5  PoroviscoelastodynamicCs ... .........uuuuuuuunnnnnnnnnnnnnnnnnnnnns 594
REfEIeNCES . ... eeie e 596
Porothermoelasticity ............... ... 599
11.1  Constitutive EQUAtiON ..........ovviiiiiiiiiiiiiiiiiiiiiiiiiiienens 600
11.1.1  Thermodynamic Formulation ........................... 600
11.1.2  Linear Model and Intrinsic Material Constant.......... 602
11.1.3  Ideal Porous Medium ...........cccovvviiiiiiiiiiinnnnn. 605
11.1.4  Link with Bulk Continuum Model ...................... 606
11.1.5  Bulk Continuum Constitutive Equation................. 611

11.1.6  Porothermoelastic Physical Mechanism ................ 614



XXiV

12

Contents
112 Balance Law ..o 616
11.3  Nonequilibrium Thermodynamics and Transport Law............ 618
11.3.1  Onsager’s Reciprocal Relation .......................... 618
11.3.2  Thermal-Hydraulic Transport Phenomena.............. 620
11.3.3  TIrreversible Thermodynamics Process .................. 621
11.3.4  Effective Thermal Conductivity................ccoone 624
11.4  Governing EQUation.............oooiiiiiiiiiiiiii e, 627
11.4.1  Thermally Coupled Model ................cooeeeeinn 627
11.4.2  Porothermoelastic Constant ....................cooeeen. 632
11.4.3  TIrrotational Displacement Field ......................... 634
11.4.4  Thermally Uncoupled Model....................oooouit 635
11.45 Complete Model .........coooiiiiiiiiiiiiiiiiiiiii, 637
11.5  Uniaxial Strain ... 638
11.6  Heatingof a Half Space .............ccooiiiiiiiiiiiiiiiiiiin. 639
11.6.1  Constant Temperature, Permeable Boundary........... 640
11.6.2  Constant Temperature, Impermeable Boundary ........ 646
11.6.3  Constant Heat Flux, Permeable Boundary.............. 647
11.6.4  Constant Heat Flux, Impermeable Boundary........... 649
117 Axial Symmetry.....o.ooeeeeiiiii e 650
11.8  Borehole Problem..............ooooiiiiiiiiiiii i 653
11.8.1  Constant Temperature and Pore Pressure Problem..... 654
11.8.2  Constant Heat and Fluid Flux Problem ................. 659
11.9  Cylinder Problem ... 661
11.10  Spherical SYMmMEetry ........cooviuiiiiieiiiiiiiiieiiiiiiieean. 668
11.11  Cavity Problem...... ..o 670
11.11.1 Constant Temperature Problem ......................... 671
11.11.2  Constant Heat Flux Problem ......................... .. 674
11.12  Sphere Problem ..o 680
11.13  Porothermoelasticity Fundamental Solution....................... 684
11.13.1 Biot Decomposition .............c.ceeeiiiiiiieeeennnnnnns 686
11.13.2  Continuous Heat Source.................coooiiiii.. 688
11.13.3  Continuous Fluid Source ................ccooooiiii.. 694
11.13.4 Continuous Fluid and Heat Dipole...................... 696
11.13.5 Continuous Force .............cooiiiiiiiiiiiiiinn. 696
References. ... ...ooiuiiii 698
Porochemoelasticity ................cooii 703
12.1  Electrochemical Effect................ccooiiiiiiiiii. 704
12.1.1  Thermodynamic Potential ........................ooo.it 704
12.1.2  Clay as a Chemically Active Material .................. 710

12.1.3  Chemical Potential and Osmotic Pressure
for Dilute Solution ...........oooociiiiiiiiiiiiiiiiin. 714
12.2 Micromechanical Analysis ..........coovviiiiiiiiiiiiiiiiinnnn. 718



Contents XXV
12.3  Constitutive Equation..............ooooiiiiiiiiiiiiiiiiiiiiiian. 727

12.4  Balance and Transport Law ..........ccoooiiiiiiiiiiiiiiiiiean. 734
12.4.1  Balance Law ... 734

12.42  Transport Law.........ccooiiiiiiiiiiiiiiiiiiiii s 736

12.5  Governing EqQUation.............oooiiiiiiiiiiiiii i 740

12.6  Uniaxial Strain Problem ... 745
12.6.1  One-Dimensional Governing Equation ................. 745

12.6.2  Half Space Problem................ccooiiiiiiiiiiii 746

12.7  Axial Symmetry Problem ... 754
12.7.1  General Solution .............cooiiiiiiiiiiiiiin.n. 754

12.7.2  Borehole Problem................ooooiiiiiiii. 756

12.7.3  Cylinder Problem ................ooooiiiiiiiiiiiii. 761

12.8  Spherical Symmetry Problem ...............ooooooiii 766
12.8.1  General Solution .............coviiiiiiiiiiiiiiiii... 766

12.8.2  Cavity Problem ... 767

12.8.3  Sphere Problem ... 768

References. ... ...ooiuiii 770
Appendix A Listof Symbols .............................L 775
Appendix B Poroelastic Constants ...........................coooiiiiiin 787
B.1 Relations Among Bulk Poroelastic Constants..................... 787

B.2 Relations Among Bulk and Micromechanical Constants ......... 789

B.3 Relations Among Bulk and Intrinsic Constants ................... 792

B4 Relations Among Micromechanical and Intrinsic Constants ..... 796

B.5 Relations Among Biot-Willis and Micromechanical Constants .. 797

B.6 Biot NOtations ........o.oviiiiiiii i 797

B.7 Porothermoelasticity Constants .................coooviuunnnnnnnn.. 798

B.8 Porochemoelasticity Constants...............cooevuuuunnnnnnn.. 801
References...........oooiiiiii i 804
Appendix C Cartesian and Curvilinear Coordinate System .............. 807
C.1 Cartesian Coordinate SyStem...............ccooiiiiiiiiieiiiina.. 807

C2 Cylindrical Coordinate System...............ccooiiiiiiiiiiiin.. 809

C3 Spherical Coordinate System................cooiiiiiiiiniin... 811
RefOIeNCe . ... 812
Appendix D Laplace Transform and Inversion............................. 813
D.1 Laplace Transform .............ooooiiiiiiiiiiiiii i, 813

D.2  Inverse Laplace Transform ...............ooooiiiiiiiiiiiiiinann. 816

D3 Approximate Inverse Laplace Transform.......................... 817

R EIENCES . ..o 818



XXVi Contents
Appendix E Poroelasticity Fundamental Solution.......................... 821
E.1 Continuous Fluid Source .............ccooiiiiiiiiiiiiii e, 821
E.2 Instantaneous Fluid Source................coooiiiiiii it 822
E.3 Continuous Fluid Dipole .........ccoooiiiiiiiiiiiiiiiiiii, 823
E.4 Instantaneous Fluid Dipole ..., 825
E.5 Continuous Fluid Dilatation ...................oiiiiiieeeiiinn.. 826
E.6 Instantaneous Fluid Dilatation .........................cooiiie... 827
E.7 Continuous Fluid Force...............ooooiiii i 828
E.8 Instantaneous Fluid Force ...l 828
E.9 Continuous Fluid Dodecapole..............ccooviiiiiiiiiiiinnn. 829
E.10  Continuous Total Force ...............coooiiiiiiiiiiiiie e, 830
E.11  Instantaneous Total Force ................cooiiiiiiiii .. 832
E.12  Continuous Solid Quadrupole and Hexapole ...................... 833
E.13  Continuous Solid Dilatation ..................cooiiiiieeeeniiinn... 834
E.14  Continuous Displacement Discontinuity .......................... 835
E.15 Instantaneous Displacement Discontinuity ........................ 836
Appendix F Biography ...................... 839
F.1 Leonardo da Vinci (1452—1519) ..., 839
E2 Robert Hooke (1635—1703) ...uuununiiiiiiiiiiiiiiiiiciiiieans 840
E3 Jean Baptiste Joseph Fourier (1768—1830) .........cccovvvvnnnnn. 842
F.4 Thomas Young (1773—1829) .....uuuuniiiiiiiiiiiiiiiiiiiia 843
F5 Claude Louis Marie Henri Navier (1785-1836)................... 844
F.6 Augustin-Louis Cauchy (1789—1857) ... 845
F.7 George Green (1793—1841) ..ovvviiiiiiiiiiiiiiiiiiiiiiiiiiees 846
E.8 Gabriel Lamé (1795—1870) . ....ovvviiiiiieees 848
F.9 Henry-Philter Gaspard Darcy (1803—1858) ........cccovvvvninnn 849
F.10  Achille Ernest Oscar Joseph Delesse (1817—1881) ............... 850
F.11  Josiah Willard Gibbs (1839-1903)........cccoviiiiiiiiiiinnnns 851
F.12  Karl von Terzaghi (1883—1963) ........covviiiiiiiiiiiiiieeeens 853
F.13  Yacov II’ich Frenkel (1894—1952) ... i, 855
F.14  Maurice Anthony Biot (1905-1985) .......cc.evviiiiiiiiiinenns 857
R ereNCeS . . ot 861
IndeX. ... .o 867



2 Springer
http://www.springer.com/978-3-319-25200-1

Poroelasticity
Cheng, AH.-D.

2016, X0/, 877 p. 171 illus,, 62 illus. in color.,
Hardcover

ISBM: 978-3-319-25200-1



		2016-04-07T20:24:19+0530
	Certified PDF 2 Signature




