Contents

1  General Concepts on Reinforced Concrete . . ... ............... 1
1.1  Mechanical Characteristics of Concrete .. ................. 1
1.1.1  Basic Properties of Concrete. . ................... 2

1.1.2 Strength Parameters and Their Correlation .. ........ 10

1.1.3  Failure Criteria of Concrete. . . ................... 18

1.2 Creep . o oot 22
1.2.1  Principlesof Creep . . . .......... ... ... ... ...... 23

1.2.2  Creep with Variable Stresses. . ................... 26

1.2.3  Models of Linear Creep . ....................... 28

1.3 Structural Effects of Creep. .. ... ... ... .. ... ... ... ... 33
1.3.1  Resolution of the Integral Equation. . .............. 35

1.3.2  General Method ... ........ ... ... ... ... ... .... 37

1.3.3  Algebraic Methods . . .......................... 38

1.4  Behaviour of Reinforced Concrete Sections. .. ............. 40
1.4.1  Mechanical Characteristics of Reinforcement . . ... ... 41

1.4.2  Basic Assumptions for Resistance Calculation . . . .. .. 46

143 Steel-Concrete Bond. .......................... 52
Appendix: Characteristics of Materials . . . ...................... 57
2  Centred Axial Force. . ... ... ... ... ... ... .. ... ... ... ... 83
2.1 Compression Elements. . .......... ... .. .. ... ... .... 83
2.1.1  Elastic and Resistance Design. ................... 87

2.1.2  Effect of Confining Reinforcement . ... ............ 91

2.1.3  Effects of Viscous Deformations. . ................ 96

22 Tension Elements............. ... .. .. .. .. 101
2.2.1  Verifications of Sections. . ...................... 102

2.2.2  Prestressed Tie Members . ...................... 104

2.2.3  Cracking in Reinforced Concrete Ties ............. 108

xi



xii

Contents

2.3 Cracking Calculations . .................. .. ... ... 113
2.3.1 The Cracking Process.......... ... ... ... ... ... 114
232 Crack Width. ... ... ... ... . ... ... ... ... 116
2.3.3  Verification Criteria .. ......................... 120
24  Case A: RC Multi-storey Building. . . .................... 124
2.4.1  Actions on Columns and Preliminary Verifications. ... 126
2.4.2  Notes on Reinforced Concrete Technology.......... 138

2.4.3 Durability Criteria of Reinforced Concrete
StruCtures . .. ...t 147
Appendix: General Aspects and Axial Force .................... 151
Bending Moment. . . ............ .. ... 169
3.1  Analysis of Sections in Bending ........................ 169
3.1.1  Elastic Design of Sections. . ..................... 172
3.1.2  Resistance Design of Sections. . . ................. 180
3.1.3  Prestressed Sections . .......................... 189
3.2 Flexural Cracking of Beams. . .......................... 197
32,1 Crack Spacing. .. ... 198
322 Crack Width. .. ... ... ... .. .. ... 200
3.2.3  Verification Criteria . .......................... 202
3.3  Deformation of Sections in Bending ..................... 204
33.1  Effectsof Creep .......... ... .. 207
3.3.2  Moment-Curvature Diagrams . ................... 220
3.3.3  Flexural Behaviour Parameters . .. ................ 226
34 Case A: Design of Floors. . . ........................... 231
34.1 Analysis of Actions. . .. ............ .. 235
34.2 Service Verifications. .. .......... .. ... ... ... 243
3.4.3 Resistance Verifications . ....................... 246
Appendix: Actions and Bending Moment. . .. ................... 252
Shear . . .. ... 263
4.1 Behaviour of RC Beams in Shear ....................... 263
4.1.1 Crackingof Beams............................ 265
4.1.2  Longitudinal Shear and Shear Reinforcement. . ... ... 267
4.1.3  Morsch Truss Model. . ........... .. ... ... ... 270
4.2  Beams Without Shear Reinforcement. . ................... 276
4.2.1 Analysis of Tooth Model ....................... 278
4.2.2  Other Resistance Contributions. ... ............... 283
4.2.3  Verification Calculations. .. ..................... 288
4.3  Beams with Shear Reinforcement. . ... ................... 295
4.3.1 The Modified Hyperstatic Truss Model. . ........... 298
4.3.2  The Variable Strut Inclination Truss Model ......... 302

4.3.3  Serviceability Verifications . ..................... 311



Contents Xiii
44 Case A: Beams Design ................ ... ... .. ... 315
4.4.1 Analysisof Actions. .. ....... ... ... ... ... .. 319

4.4.2  Serviceability Verifications . ... .................. 326

443 Resistance Verifications . ....................... 329
Appendix: Shear. .. ....... ... . 332
5 BeamsinBending............ .. ... .. .. ... ... . 341
5.1  Calculation Models of Beams in Bending .. ............... 341
5.1.1 Arch Behaviour. . .......... ... ... ... ... ....... 345

512 TrussModel . ........... ... . . . 351

5.1.3  Standard Application Procedure . ................. 355

5.2 Strut-and-Tie Balanced Schemes . ....................... 360
5.2.1 Support Details. . ....... ... ... .. ... ... ... ... 364

5.2.2 Corbels and Deep Beams . .. .................... 374

5.2.3 Punching Shearin Slabs........................ 382

5.3 Flexural Deformations of Beams . ....................... 388
5.3.1 Curvature Integration .......................... 391

5.3.2 Nonlinear Analysis of Hyperstatic Beams. .......... 394

5.3.3  Collapse Behaviour of Hyperstatic Beams .......... 398

5.4  Case A: Shallow Rectangular Beam. . .................... 406
5.4.1 Serviceability Verifications . ..................... 409

5.4.2 Resistance Verifications . ....................... 413

5.4.3 Deflection Calculations . . ....................... 418
Appendix: Elements in Bending . . .. ........... ... ... ... ...... 421
6 Eccentric Axial Force........... .. ... ... ... ... ... ... ... 429
6.1  Elastic Design of the Section. . ......................... 429
6.1.1  Axial Compression Force with Small Eccentricity .... 431

6.1.2  Compression and Tension with Uniaxial Bending. . . . . 436

6.1.3  Compression and Tension with Biaxial Bending. . . . .. 440

6.2  Resistance Design of the Section........................ 444
6.2.1  Failure Mechanisms of the Section................ 446

6.2.2  Resistance Verifications of the Section............. 451

6.2.3  Design for Biaxial Bending. . . ................ ... 462

6.3  Flexural Behaviour of Columns . . ....................... 470
6.3.1 Design Models of Columns ..................... 471

6.3.2  Moment-Curvature Diagrams .................... 476

6.3.3  Nonlinear Analysis of Frames. ................... 483

6.4 Case A: Design of Columns. . ......... ... .. ... ... .... 493
6.4.1 Flexural Actions in Columns .................... 495

6.4.2  Serviceability Verifications . .. ................... 499

6.4.3 Resistance Calculations. . . ...................... 503

Appendix: Eccentric Axial Force .. ........................... 508



Xiv

10

Contents

Instability Problems . .. ......... ... ... ... ... .. ... .. ... ... 531
7.1  Instability of Reinforced Concrete Columns. . .............. 531
7.1.1  Analysis of Columns Under Eccentric Axial Force. ... 535

7.1.2  Methods of Concentration of Equilibrium........... 539

7.13 Creep Effects. .. ....... ... .. .. 543

7.2 Second-Order Analysis of Frames ....................... 548
7.2.1 One-Storey Frames . ........................... 550

7.2.2  Multistorey Frames. . .......... .. .. ... ... ... 553

7.2.3 General Case of Frames . . ...................... 557
Appendix: Instability of Columns. . ........................... 559
Torsion ... ... ... ... 565
8.1 Beams Subject to Torsion . ........... ... ... ... ........ 565
8.1.1  Peripheral Resisting Truss. .. .................... 571

8.1.2  Improvement and Application of the Model . . .. .. ... 578

8.1.3  Other Aspects of the Torsional Behaviour .......... 586

8.2 Case A: Stability Core . . .......... .. i 590
8.2.1  Calculation of Internal Forces. ................... 592

8.2.2  Verifications of the Current Section . .............. 598

8.2.3  Verifications of Lintels and Stairs. . ............... 607
Appendix: TOrsion . . ...t 612
Structural Elements for Foundations. . . . ..................... 621
9.1 Isolated Foundations ............... .. ... .. ... .. ...... 621
9.1.1 Massive Foundations. . . ........................ 626

9.1.2  Footing Foundations . . . ........................ 631

9.1.3 Pile Foundations . .. ........... ... .. ... ...... 636

9.2  Continuous Foundations. . . ............................ 640
9.2.1 Foundation Beams ............................ 644

9.2.2  Structure-Foundation Interaction. . ................ 648

9.2.3  Foundation Grids and Rafts ..................... 652

9.3 Retaining Walls . ....... ... .. ... . . ... 656
93.1 Gravity Walls .. .......... . ... ... ... .. . 662

9.3.2  Foundation Retaining Walls . . ................ ... 667

9.3.3 Diaphragm Walls ... ....... ... .. ... ... ... ... 669

9.4 Case A: Foundation Design . . .......................... 675
9.4.1 Verification of Footings ........................ 677

9.4.2 Design of the Retaining Wall . ................... 682

9.4.3  Design of the Corewall Foundation. . .............. 689
Appendix: Data on Soils and Foundations . .. ................... 695
Prestressed Beams. . .. ....... ... ... . . .. 711
10.1 Prestressing: Technological Aspects. ..................... 711
10.1.1 Prestressing Systems. . .. ...t 715

10.1.2 Instantaneous Losses. . ................ . ........ 719

10.1.3 Long-Term Losses . ............ ... ... 724



Contents XV

10.2 Tendons Profile ... ...... ... ... ... ... ... ... ... ....... 728
10.2.1 Loads Equivalent to the Tendon.................. 729

10.2.2 Available Moment and Limit Points . . ... .......... 732

10.2.3 Hyperstatic Beams .. .......................... 737

10.3 Resistance Calculations . .............................. 740
10.3.1 Verification of Prestressed Concrete Sections . .. ... .. 742

10.3.2 Resistance Models of Prestressed Beams . .......... 748

10.3.3 Anchorage and Diffusion of Precompression. . .. ..... 758

104 Design Examples . ... ........ ... .. 770
10.4.1 Pretensioned Concrete Element. . ................. 770

10.4.2 Post-tensioned Concrete Beam . .................. 785

10.4.3 Prestressed Concrete Flanged Beam ... ............ 803
Appendix: Data on Prestressing . ... .......... ... ... ... .. .... 822
Erratum to: Reinforced Concrete Design to Eurocode 2............. El

References. . ... ... ... . . . . . e 835



2 Springer
http://www.springer.com/978-3-319-52032-2

Reinforced Concrete Design to Eurocode 2
Toniolo, G.; di Prisco, M.

2017, X0/, 836 p. 448 illus., Hardcover
ISBN: 978-3-319-52032-2



	Contents

