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Preface 
 

 

 

 

 

This book has been developed from subject matter and examples that I have used in my teach-

ing of Solid Mechanics, Structures and Strength of Materials in Universities over the last 12 

years. It is intended for engineering degree courses in which solid mechanics and structures 

form a part. Postgraduates and those preparing for the membership of professional institu-

tions, UPSC by examination in these subjects will also find this book useful. 

     The text illustrates where and how the necessary techniques are to be employed in each 

case. The reader will soon recognize, for example, that under elastic loading, the solution to 

the stress and strain suffered by a material invariably becomes that of satisfying three re-

quirements: equilibrium, compatibility and the boundary conditions. 

     This textbook contains all to topics in 22 Chapters. We discuss the basic concept of stress 

and strain in Chapter-1, stress and strain in oblique plane Chapter-2, General analysis of 

stress strain and their relationship in three dimensional discuss in Chapters 3, 4 and 5. Chap-

ter 6 deals about the theories of failure or yield criterion. 

     In Chapter 7 deals with concept of shear force and bending moment diagrams and solving 

the problems with section, point and area methods.  

     Bending equation in straight beams and un-symmetrical beam discussed in separate Chap-

ters 8 and 15 respectively. Shear stress concept detailed deal in Chapter 9. Deflection ob-

tained from double integration, area-moment methods in all beams like cantilever, simply 

supported, overhanging, propped, fixed and continues beams discuss in Chapters 10 and 11. 

Chapter 12 covered the elastic foundation of beams. 

     Chapter 13 deals with energy methods, which is one of the most important topics and 

hence, is discussed in more detail. We discuss the theorems Castiglianos, Maxwells Recipro-

cal, Maxwell-Belt Reciprocal, and detailed discuss about concept of strain energy with gener-

alization form. Concept of shear stresses flow and shear centre discuss in Chapter 16. Chapter 

14 covered the curved bars, and also using the concept of energy method. 

     Elastic stability of columns is covered in Chapter 18, with beam columns. 

     Torsion discuss in great detail with circular and non-circular in Chapter 19. Chapter 20 

covered springs with flat, spiral and laminated types. 

     Analysis of thick-walled cylindrical problems like composite tubes under internal and ex-

ternal pressure, rotating discs, shafts, spheres, cylinders with thermal stresses are discussed 

in Chapter 22. 



  

 

xi 

 

     In this textbook we provide the solutions of problems of different competitive examinations 

like Engg. Services, IAS, UPSC, GATE, and many other universities. 

     M.K.S. units have been adopted in this edition for the purpose of useful to students. 

 

     I wish to thank my colleagues and seniors Dr. Pankaj Upadhyay (Ex. HOD, ME, Dept.), 

Mr. Sudeer Kumar Bajpai, Mr. Ram Chandra Gupta (HOD, EE Dept.), Mr. Pawan Kul-

shreshth, Mr. Girraj Singh, Mr. Deepak Parashar, Mr. Girijapati Sharma, Mr. Kumar Gau-

rav, Mr. Vinay Gupta, and Mr. Sharad Mishra for their valuable suggestions. 

     The author also thanks Mr. Ram Prakash Srivastava, Mrs. Madhu Srivastava, Mr. Kshtij 

Srivastava, Mr. Vijay Kumar Sharma, and, his past teachers and students’ for proof reading 

the manuscript, which has all helped to shape this work. 

 

     The author thanks are due to his parents (Ram Kumar – Giriraj Kishori, Arun Kumar – 

Brij Bhan Kishori), wife, Brother Krishna Bhooshan, Amit Bhooshan, Sumit Bhooshan, and 

daughter Purvi Bhooshan without whose cooperation and encouragement this book would 

have never been materialized. 

 

     Although every care has been taken to make the book free of errors, yet the author shall be 

obliged, if errors present are brought to his notice. Feedback and suggestions are always most 

welcome of the book. 

 

Brij Bhooshan 
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   deflections, 477, 

   unsymmetric beams, 417, 767 

Bending moments, 187-188, 337, 343-344 

   diagrams, 345-347 

   sign conventions for, 343-344 

Biharmonic equation, 182 

Bimetallic strip, 433 

Buckling, 3, 8, 322, 718, 841 

  columns, 841-843  

  critical loads for, 848, 850, 859, 861-862, 864 

  differential equations for, 843 

Body force, 136-138, 141, 147, 206, 272, 286,  

                    288-289, 1074, 1078 

Built-up beams, 459, 602 

Bulk modulus, 58, 60, 1029 

Cantilever beams, 181, 186, 280, 338,  

   deflections and slopes of, 481 

   propped, 577 

   uniform strength. 422 

Castiglianos theorem, 686 

   applications of, 689 

   deflections of, 687, 727 

   derivation of, 687 

   first theorem of, 688 

   second theorem of, 688 

Cauchys 134 

    strain-strain relations, 265 

    stress, 53 

    stress formula, 148 

    stress quadric, 177 

Centroid, 1114-1116 

    composite areas, 1114 

    moments of inertia and,  1124-1126 

Channel sections of beams, 797 
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Circular members,  

   bars, 906, 907 

   shafts, 907-910, 916,  

   tubes, 958 

Circumferential (hoop) stress, 14, 205-207, 258,  

      729, 818, 1018-1024, 1030-1031, 1042, 1048,  

      1072, 1074, 1080, 1090, 1098,  

Circular Disc, 207, 1085, 1090 

    thermal stresses in, 1099, 1100 

       (see also rotating discs) 

Clark Maxwell function, 181 

Columns, 841 

    buckling, 718, 841-842, 898 

    critical loads for, 862, 899 

    eccentric axial loads on, 867, 870, 

    effective length of, 859-861,  

    Euler buckling, 848-850,  

    Perrys formula, 870 

    pinned ends, 848 

    Rankine Gordon Formulae, 864 

    Secant formula for, 867 

    slenderness ratio, 842,   

    stability of, 842,  

    various support conditions for, 848-857 

    with end couple, 889-890 

    with several loads, 877-881 

Combined stresses, 434,  

Compatibility, 181-182, 258, 259, 289, 842 

    Beltami-Michell equation of, 270 

    equation, 253-255, 259, 263, 274,  

    St. Venant’s equation, 181, 938,  

Complementary shear stresses, 12, 13, 59, 79,  

                                              106, 444-445, 451,  

Complementary strain energy, 685-686, 687 

Composite beams, 427-428, 439,  

Continuous beams, 339, 577, 622 

Core or Kernel, 436-438 

Curvature, 280, 382-383, 391, 477-487, 725- 

    (See also Deflection beams) 

Curved beam 725 

     bending of, 725-727, 727-729 

     deflection of, 744-747 

     Wilson and Querean, 729 

Cylindrical pressure vessels, 1017-1019, 1031,  

Deflection, 477 

    area-moment Method of, 554-557 

    discontinuity function, 525, 527 

    double integration method, 480 

    due to shear, 567 

    Macaulays function, 527 

    Macaulays Method of, 531 

    singularity function, 525, 528 

    statically determinate beams, 481 

    statically indeterminate beams, 577 

    temperature effects and, 571 

Deformation, 3, 6, 12, 38, 124, 136, 223-230,  

                        235-237, 254, 288, 303 

Disks of variable thickness, 1096 

Differential equations of  

    column buckling, 843 

    deflection, 477-479     

    elastic foundation of beams, 636-637 

    elastic curves, 477-479     

Displacements, 136, 223-230, 235-237, 254 

Distortion Energy, 316, 320, 321 

Distributed loads, 192, 340-341, 383, 527-530,  

       639, 654, 820-821, 837-838, 881, 892, 898,  

Eccentric axial loads, 434-437, 867, 870 

Effective length, 859-861 

Elastic limit, 7, 53, 264, 311, 323 

Elasticity, 1, 7, 53, 133-136, 264, 288   

    rigidity, relationship to, 59 

    volume (bulk) modulus of , 60 

Energy, 38, 264 

    complementary, 685-686, 687 

    distortion, 316, 320, 321 

    methods, 68, 671, 686,  

 (see Strain Energy) 

Eulers buckling, 848-850 

Eulers load, 848-857 

Eulers curve, 862 

Factor of safety, 7-8, 324, 

Fixed beam, 339, 577, 602, 648,  

Flat spiral spring, 1002 

Generalized Hooks law, 39, 56, 264 

Helical springs, 967, 969 

    Closed coiled, 969, 983,  

    Open coiled, 992 

Hooks law, 7, 53, 56 

Hydrostatic stress, 140, 173, 321. 322 

Invariants of 

     strain, 241 

     stress, 155,  

Impact factor, 980 

Impact load, 70-71, 322, 673  

Johnsons parabolic formula, 863 

Lames constant, 265 

Lames stress ellipsoid 176 

Leaf springs, 1003 

Limitations of Eulers theory, 861 

Longitudinal strain, 7, 55, 225, 234, 1024, 1048,  

                                   1090,  

Longitudinal stress, 55, 391, 1018-1019, 1090  

Macaulays Method for deflection, 531 
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Maxwell-Betti reciprocal theorem, 717 

Maxwell reciprocal theorem, 715 

Membrane Analogy, 951-954 

Modulus of elasticity, 7, 26, 264 

Modulus of resilience, 68, 672 

Modulus of rigidity, 13, 58, 905, 907,  

Modulus of toughness, 673 

Mohrs circle, 98-108, 117, 165 

     arbitrary plane, 169 

     construction of, 98,  

     plane strain and, 117,  

     plane stress and, 98,  

     triaxial stress and, 165,  

Moment-area method of deflection, 554-557, 602 

Neutral axis, 392-394, 417, 444-446, 726, 728,  

                       767-773 

Octahedral, 

     plane, 167, 173 

     strain, 251,  

     stress, 172-173 

     shear stress, 310, 319 

Overhangs, beam, 338, 370, 522 

Parallel-axis theorem, 1125 

Pi-plane, 165 

Pin support, simply supported beams, 339, 353,  

                     480, 506  

Pinned-end columns, 848 

Plane, 

     octahedral, 167, 173 

     principal, 85, 87, 156       

     Shear less, 169 

     strain, 58, 117-118, 124-125, 182, 210, 225,  

                 248, 272, 286, 304 

     stress, 57, 77, 107, 118, 124, 181-182, 207,  

                 274, 277, 280, 287, 304 

Plane strain, 58, 117-118, 124-125, 182, 210,  

                           225, 248, 272, 286, 304,  

Plane stress, 57, 77, 107, 118, 124, 181-182,  

                      207, 274, 277, 280, 287, 304,  

Poissons ratio, 55, 61, 265-266 

Polar moment of inertia, 909, 1125 

Prandtl stress function, 

     in stress, 180, 210, 272 

     in torsion, 942, 951 

Pressure vessels, 324, 1017 

     circumferential (hoop) stress, 1018, 1037 

     cylindrical,1018-1019 

     longitudinal (axial) stress, 1019, 1037    

     spherical, 1037 

Principal moments of inertia, 1135 

Principal axis, 165 

Principal strain, 116, 120, 126, 239,  

Principal stress, 84, 85, 120, 153-157, 165, 167,  

Principal stress (continue) 

                294, 311, 318, 933 

    beams, 466, 

    maximum shear, 86, 167, 171 

Product of inertia, 1133 

Pure shear, 77, 79-80, 313, 906, 907 

Quadric, Cauchy’s stress, 177 

Radius of curvature, 392, 725, 728 

Radius of gyration, 842, 1133 

Rankine-Gordon formula, 864 

Reciprocal theorem, 715, 717 

Redundant, 689 

Reinforced concrete beams, 432 

Roller support, simply supported beam, 339,  

                 353, 480, 506 

Rosettes, 123-125, 127 

Saint Venants 

     approach, 938 

     compatibility equation, 255 

     principal, 181, 307, 440, 827, 936 

     theory of failure, 310, 313 

     torsion, 938, 951,  

     semi-inverse method, 938 

Secant formula, 867 

Section modulus, 394, 422 

Shear,  

     centre, 795-800 

     flow, 957-959 

     in thin-walled sections, 957-959 

     Mohr’s circle for, 98-108, 117, 165 

Shear center, 795-800 

    channel sections, 797 

    unsymmetrical cross sections, 811 

Shear flow, 957-959 

Shear forces, 12, 337 

   diagram, 345-347 

   sign convention, 343 

Shearless plane, 169 

Shrink fit, 1063 

Simply supported (simple) beams, 339 

     deflections and slopes of, 480, 506 

     shear force and bending moment diagrams,  

                                                                      353 

Slenderness ratio, 842, 861-862,  

Sphere, 170, 1037, 1074 

    hollow, 1076 

    radial displacement, 1074 

    stress due to gravity, 1078 

    thermal stress, 1105 

Spherical strain, 252 

Spherical stress, 140,  

Springs, 967-1010 

Stiffness, 2, 653, 842, 968, 973 
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Strain, 6, 53, 223 

   components, 224, 

   deviator, 250 

   invariants, 155 

   linear, 6-7, 114 

   oblique plane, 114, 

   plane state of, 248 

   principal, 116, 120, 126, 239 

   shear, 12-13, 115, 

   thermal, 38, 

Strain energy, 68, 289, 315, 671, 727, 

beam, 677 

complementary 685 

   modulus of resilience, 672 

   modulus of toughness, 673 

   shear, 674 

torsion, 678 

   triaxial stress and, 675 

   uniaxial stress and, 68, 671 

Strain gauge, 123 

Stress, 3, 133, 137, 138, 204, 391 

     deviator, 140 

     elliptical, 113 

     invariants, 241 

     non-uniform, 20 

     normal, 3 

     octahedral, 172-173 

     plane Stress; 57, 77, 107, 118, 124, 181-182,  

                            207, 274, 277, 280, 287, 304 

     principal, 84, 85, 120, 153-157, 165, 167, 294,  

                      311, 318, 933 

     shear, 12, 443 

     strain relations, 7, 53, 263 

     thermal, 38-40, 303,  

Stress function, 180, 210, 272,  

St. Venants 

     approach, 938 

     compatibility equation, 255 

     principal, 181, 307, 440, 827, 936 

     theory of failure, 310, 313 

     torsion, 938, 951,  

     semi-inverse method, 938 

Superposition method, 602, 630 

Superposition principal, 9, 224 

Temperature-displacement relations, 38, 303,  

Temperature effects on deflection, 571, 719, 

Tensors, 3, 78, 137, 140, 152, 

Theory of failure, 

   distortion energy, 310, 316 

   maximum strain energy, 310, 315 

   maximum principal strain, 310, 313 

   maximum principal stress, 310 

   maximum shearing stress, 310, 311 

   octahedral shearing stress, 310, 319,  

Thermal stress in, 

    circular, 1099      

    disc with hole,1098,  

    long cylinder, 1102 

    sphere, 1105 

Torsion, 678, 905, 970 

    angle of twist, 906 

    circular members,  

    formula, 907, 909 

    non uniform, 931 

    thin rectangular bar, 955, 968 

    thin walled tubes, 957 

Torsional rigidity, 905, 920, 942, 947,  

Torsional stiffness, 910, 947, 958,  

Transformation equations, 77, 153, 

Unsymmetric, 417, 767 

    beams, 417, 767 

    bending, 767 

Warping, 134, 466, 908, 936, 938, 951,  

Warping function, 938, 940,  

Youngs modulus, 7 
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