
Mechanical
Engineering

Comprehensive Theory  

with Solved Examples and Practice Questions

Strength of  Materials

Publications



MADE EASY Publications Pvt. Ltd.

Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro Station), New Delhi-110016
E-mail: infomep@madeeasy.in
Contact: 011-45124660, 8860378007

Visit us at: www.madeeasypublications.org

Strength of Materials
© Copyright by MADE EASY Publications Pvt. Ltd.
All rights are reserved. No part of this publication may be reproduced, stored in or introduced 
into a retrieval system, or transmitted in any form or by any means (electronic, mechanical, 
photo-copying, recording or otherwise), without the prior written permission of the above 
mentioned publisher of this book.

First Edition: 2015

Second Edition: 2016

Third Edition: 2017

Fourth Edition: 2018

Fifth Edition: 2019

Sixth Edition: 2020

Seventh Edition: 2021

Eighth Edition: 2022

© All rights  reserved by MADE EASY PUBLICATIONS Pvt. Ltd. No part of this book may be reproduced or utilized in any form without 
the written permission from the publisher.

Publications



Chapter 1
Properties of Materials............................. 1
	 1.1	 Introduction...................................................................... 1
	 1.2	 Normal Stress.................................................................... 1
	 1.3	 Strain		 ................................................................................. 2
	 1.4	 Tension Test for Mild Steel............................................ 3
	 1.5	 Properties of Metals....................................................... 6
	 1.6	 Creep		 ................................................................................. 6
	 1.7	 Stress Relaxation.............................................................. 7
	 1.8	 Elasticity.............................................................................. 7
	 1.9	 Toughness.......................................................................... 9
	 1.10	 Fatigue................................................................................ 9
	 1.11	 Failure of Materials in Tension & Compression.....10

		  Objective Brain Teasers.................................................12

Chapter 2
Simple Stress-strain and Elastic 
Constants................................................15
	 2.1	 Stress..................................................................................15

	 2.2	 Matrix Representation of Stress and Strain..........17

	 2.3	 Differential Form of Strains........................................20

	 2.4	 Allowable Stresses.........................................................22

	 2.5	 Saint Venant’s Principle................................................23

	 2.6	 Hooke’s Law.....................................................................24

	 2.7	 Elastic Constants............................................................24

	 2.8	 Applications of Hooke’s Law......................................27

	 2.9	 Volumetric Strain (ÎV)...................................................28

	 2.10	 Deflection of Axially Loaded Members..................32

	 2.11	 Statically Indeterminate Axial Loaded Structures.....46

	 2.12	 Axial Deflection in Interconnected Members.....50

	 2.13	 Temperature Stresses...................................................52

	 2.14	 Stresses in Bolts and Nuts...........................................67

	 2.15	 Strain Energy...................................................................69	

	Objective Brain Teasers.................................................78

	 	 Conventional Practice Questions...............................86

Chapter 3
Shear Force and Bending Moment........87
	 3.1	 Types of Loading...........................................................87
	 3.2	 Types of Supports.........................................................88
	 3.3	 Types of Beam................................................................90
	 3.4	 Stability in 2-D Structures..........................................91
	 3.5	 Procedure of Analysis..................................................91
	 3.6	 Shear Force......................................................................95
	 3.7	 Bending Moment..........................................................96
	 3.8	 Important Points about SFD and BMD..................99
	 3.9	 Curve Tracing for SFD and BMD............................ 100
	 3.10	 Shear Force and Bending Moment Diagrams...... 102
	 3.11	 Loading Diagram and BMD from SFD................. 139
	 3.12	 Loading Diagram from BMD.................................. 144
		  Objective Brain Teasers.............................................. 165

		  Conventional Practice Questions............................ 178

Chapter 4
Centroids and Moments of Inertia......180
	 4.1	 Centroid......................................................................... 180
	 4.2	 Moment of Inertia...................................................... 182
	 4.3	 Product of Inertia....................................................... 183
	 4.4	 Parallel Axis Theorem................................................ 184
	 4.5	 Perpendicular Axis Theorem.................................. 185
	 4.6	 Properties of Plane Areas........................................ 185
	 4.7	 Principal Axes & Principal Moments of Inertia.188
	 4.8	 Rotation of Axes.......................................................... 189
		  Objective Brain Teasers.............................................. 197

		  Conventional Practice Questions............................ 200

Chapter 5
Bending Stress in Beams......................202
	 5.1	 Effect of Bending........................................................ 202
	 5.2	 Simple Bending or Pure Bending......................... 202

	 5.3	 Nature of Bending Stress......................................... 205

	 5.4	 Sectional Modulus (Z)............................................... 207

	 5.5	 Moment of Resistance (MOR)................................ 208

	 5.6	 Bending Stresses in Axially Loaded Beams....... 213

	 5.7	 Force on a Partial Area of a Section..................... 217

	 5.8	 Bending Stress Distribution in Comp. beam.... 219

(iii)

Strength of Materials
Contents



	 5.9	 Flitched Beam.............................................................. 225

	 5.10	 Beam of Uniform Strength...................................... 229

	 5.11	 Biaxial Bending............................................................ 230

		  Objective Brain Teasers.............................................. 246

		  Conventional Practice Questions............................ 252

Chapter 6
Shear Stress in Beams..........................254
	 6.1	 Shear Stress Distribution in Beams...................... 254

	 6.2	 Shear Stresses in Composite Sections................ 265

	 6.3	 Shear-Center Concept.............................................. 270

	 6.4	 Shear Stresses in Beams of Thin-Walled Open

		  Cross Sections.............................................................. 273

	 6.5	 Shear Stresses in Wide-Flange Beams................ 276

	 6.6	 Shear Centers of Thin-Walled Open Sections... 279

	 6.7	 Channel Section.......................................................... 279

	 6.8	 Angle Section.............................................................. 282

	 6.9	 Z-Section....................................................................... 284

		  Objective Brain Teasers.............................................. 287

		  Conventional Practice Questions............................ 289

Chapter 7
Principal Stress-Strain and Theories of 
Failure	 ..................................................290
	 7.1	 Principal Plane............................................................. 290
	 7.2	 Principal Stresses........................................................ 290
	 7.3	 Principal Stress in Beams......................................... 302
	 7.4	 Graphical Method (Mohr’s Circle Method)........ 308
	 7.5	 Analysis of Strain........................................................ 317
	 7.6	 Total strain energy in terms of principal stress.. 322
	 7.7	 Strain Rosette............................................................... 323
	 7.8	 Theories of Elastic Failure........................................ 328	

	Objective Brain Teasers................................ 346
		  Conventional Practice Questions..............................353

Chapter 8
Torsion of Shafts...................................355
	 8.1	 Introduction................................................................. 355
	 8.2	 Difference between Bending Moment and
		   Twisting Moment...................................................... 355
	 8.3	 Assumptions Involved in the Theory of Pure 
		  Torsion............................................................................ 355
	 8.4	 Shear Stress Distribution in Circular Section.... 361
	 8.5	 Design of Shaft............................................................ 362
	 8.6	 Power Transmitted by Shaft................................... 364
	 8.7	 Series Combination of Shaft................................... 367
	 8.8	 Parallel Combination of Shaft................................ 367
	 8.9	 Strain Energy in Torsion........................................... 372
	 8.10	 Torsion in Thin Walled Tubes.................................. 374
	 8.11	 Torsion of Non-circular Section............................. 377
	 8.12	 Indeterminate Shaft.................................................. 378
	 8.13	 Shaft Subjected to Combined Bending Moment

		  and Twisting Moment............................................... 381
	 8.14	 Shaft Subjected to Combined Axial Force and 
		  Torsional Moment...................................................... 385
	 8.15	 Theories of Failure for Shaft Design..................... 388
		  Objective Brain Teasers.............................................. 406
		  Conventional Practice Questions............................ 412

Chapter 9
Deflection of Beams.............................414
	 9.1	 Introduction................................................................. 414
	 9.2	 Methods for Determining Slope and Deflection..... 414
		  Objective Brain Teasers.............................................. 488

		  Conventional Practice Questions............................ 497

Chapter 10
Pressure Vessels....................................499
	 10.1	 Thin Cylindrical Shell ................................................ 499
	 10.2	 Analysis of Thin Cylindrical Shell with 
		  Closed flat ends............................................................. 499
	 10.3	 Strains in Cylindrical Shell....................................... 501
	 10.4	 Analysis of Thin Spheres.......................................... 506
	 10.5	 Strains in Sphere......................................................... 507
	 10.6	 Stresses in Riveted Cylindrical Shell.................... 508
	 10.7	 Thin Cylinders with Hemispherical Ends........... 509
	 10.8	 Pressure Vessels Subjected to Axial Force......... 510
	 10.9	 Thick Cylinder.............................................................. 514
	 10.10	Analysis of Stresses.................................................... 515
	 10.11 Analysis of Thick Sphere........................................... 517
	 10.12 Design of Pressure Vessels....................................... 520
	 10.13 Strengthening of Cylinder....................................... 521
		  Objective Brain Teasers.............................................. 527

		  Conventional Practice Questions............................ 529

Chapter 11
Theory of Columns...............................530
	 11.1	 Compression Member.............................................. 530
	 11.2	 Types of Equilibrium................................................. 530
	 11.3	 Euler’s Theory for Buckling Failure....................... 532
	 11.4	 Maximum Lateral Deflection of Column............ 539
	 11.5	 Rankine’s Gordon Theory........................................ 540
	 11.6	 Column with Eccentric Loading............................ 542
	 11.7	 Eccentric Loading about both x-axis and y-axis...... 546
		  Objective Brain Teasers.............................................. 549

		  Conventional Practice Questions............................ 552

Chapter 12
Theory of Springs.................................554
	 12.1	 Springs........................................................................... 554
	 12.2	 Types of Springs.......................................................... 554
	 12.3	 Springs in Series and Parallel................................. 558
		  Objective Brain Teasers.............................................. 562
		  Conventional Practice Questions............................ 564

(iv)(iv)

nnnn































<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




