A.l. Rusakov

Course of Lectures
on Strength of Materials

Recommended by Education Board

of Rostov State University of Transport Communimati
as a textbook for teaching the students

in “Transport Construction” branch of trade edumati

Rostov-on-Don

2004



UDC 539.38

Reviewers: Dr. of Engineering, Prof. Scherbak KRbstov State University of Transport
Communication); Dr. of Engineering, Prof. Derushéw. (Rostov Military Institute of
Rocket Forces); Dr. of Engineering, Prof. TkacheV(Shahty College of Platov South-
Russian State Polytechnic University)

Rusakov A.l.
Course of Lectures on Strength of Materials: Teakbfor IHL. — Rostov-on-

Don, 2004.
The textbook has been written in accordance wigteSEducational Standard of 2000
for teaching the specialist in line of transporhstouction. The principal focus is on validity

and simplicity of exposition.

ISBN 5-87259-276-0

[0 A.l. Rusakov, 2004



CONTENTS

Introduction . . . . . . .. L e e 4
Lecture 1. StreSs . . . . . . . . e e e e 5
Lecture 2. Strain and Hooke’'sLaw . . . . . . . . . . . . ... e 16
Lecture 3. Generalized Hooke’s Law and Mechanicapérties of Materials . . . . 27
Lecture 4. The Solution Methodology for Staticdllgterminate and Indeterminate
Problems . . . . . . . . e 37
Lecture 5. Properties of Plane Figures . ...... . . . ... ... ... .. ....45
Lecture 6. TOrsSiON . . . . . . . . . o e e 53
Lecture 7. Internal Forces due to Bending . 60
Lecture 8. Stresses and Displacements in Laterraathg ................ 71
Lecture 9. Applied Problems of Bending Analysis . . . . . ... ... ... .. 78
Lecture 10. Shear Stresses due to Bending ..................... 85
Lecture 11. Continuous Beam . . . . e e . 95
Lecture 12. Beam on Elastic Foundatlon C e . 105
Lecture 13. Simplest Bar Systems and Work Methmd‘ I‘[mr AnaIyS|s ........ 115
Lecture 14. Highlightsof Tensors . . . . . . . . . . . . . . . . . . wu ... 123
Lecture 15. Transformation of Tensor ComponentstduRotations of Coordinate
System . . .. L e e e 129
Lecture 16. Stress Tensor and Deformation Tensor. . . . . . . . . . . . . .. . 136
Lecture 17. Tensor Use for Stress-Strain StateyStud . . . . . . . . .. ... .. 146
Lecture 18. Theories of Failure . . . . . . . . . . . . . . .. .. .. .. 153
Lecture 19. Mechanics of Failure . . . . . . . . . . . . . ... a . 162
Lecture 20. Resistance to Combined Stress and Omnnlpbending .......... 169
Lecture 21. Eccentric Tension-Compression ...... . . . . . . 177
Lecture 22. Combined Bending and Torsion of Shafts ............... 184
Lecture 23. Introduction to the Theory of Struct@tability . . . . . . . . ... .... 189
Lecture 24. Bar Buckling Analysis . . . . . . . . . . . ..o 196
Lecture 25. Transverse-Longitudinal Bending . 204
Lecture 26. Introduction to the Theory of Shellﬂa’volutlon ............. 212
Lecture 27. Internal Forces due to Bendingof Shell . . . . . . . ... ... .. 222
Lecture 28. Methods of Elasticity Theory in Shellaysis . . . . . . . . ... ... 231
Lecture 29. Impact ActionofLoad . . . . . . . . . . .. ... L. 239
Lecture 30. Strength in Case of Cyclic Variant&des . . . . . . ... ... ... 249
Lecture 31. Endurance Factors upon Cyclic Stresses . . . . . . . . . ... .. 255
Lecture 32. Strength Analysis with Allowance foa$tic Yield . . . . . . . . . . .. 264
Lecture 33. Fundamentals of Theories of Elastiaitgl Plasticity . . . . . . . . . .. 274
Lecture 34. Basics of Creep Theory . . e e e .283
Lecture 35. Optimal Design and Structures Rellablh ................. 294
Supplement 1. Rolled Stock . . . . 302
Supplement 2. Tables for Buckling AnaIyS|s ..................... 317
Bibliography . . . . . . . . . e e 319
SubjectIndex . . . . . . e e 321



