
Comprehensive Theory  

with Solved Examples and Practice Questions

Design of Steel Structures

Civil Engineering

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

Design of Steel Structures
© 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
Introduction.............................................. 1
1.1	 Steel as a Structural Material................................................. 1

1.2	 Rolled Steel Sections................................................................ 2

1.3	 Local Buckling............................................................................. 4

1.4	 Classification of Cross-section............................................... 6

1.5	 Modes of Failure in Beam........................................................ 7

1.6	 Loads.............................................................................................. 9

1.7	 Reactions Due to Actions on Structure............................10

1.8	 Design of Steel Structures....................................................10

1.9	 Limit State Design....................................................................10

Chapter 2
Rivetted, Bolted & Pinned Connections ....13
2.1	 Connections...............................................................................13

2.2	 Rivetted Connection...............................................................13

2.3	 Bolted Connection...................................................................15

2.4	 Mechanism of Load Transfer Through Bolts...................23

2.5	 Failure of Bolted Joints...........................................................23

2.6	 Specifications for the Bolted Joints...................................25

2.7	 Bearing Type Connection......................................................28

2.8	 Tensile Strength of Plate........................................................32

2.9	 Strength and Efficiency of a Bolted Joint........................33

2.10	 Combined Tension and Shear.............................................33

2.11	 Slip Critical Connection.........................................................33

2.12	 Prying Action.............................................................................36

2.13	 Pin Connections.......................................................................38

	 Objective Brain Teasers............................................................48

	 Conventional Practice Questions..........................................49

Chapter 3
Welded Connections..............................50
3.1	 Introduction...............................................................................50

3.2	 Types of Welded Joints...........................................................50

3.3 	 Weld Symbols............................................................................52

3.4	 Weld Defects..............................................................................52

3.5	 Inspection of Welds.................................................................53

3.6	 Assumptions in the Analysis of Welded Joints..............53

3.7	 Butt (or Groove) Welds...........................................................54

3.8	 Fillet Weld...................................................................................56

3.9	 Fillet Weld when Applied to Edge of a Section.............60

3.10	 Intermittent Fillet Weld..........................................................61

3.11	 Slot and Plug Weld..................................................................62

3.12	 Combination of Stresses........................................................62

3.13	 Weld Failure................................................................................63

3.14	 Advantages of Fillet Weld over Butt Weld.......................64

3.15	 Comparison between Welded Joints and Bolted/

Riveted Joints............................................................................64

	 Objective Brain Teasers............................................................73

	 Conventional Practice Questions..........................................74

Chapter 4
Tension Members...................................76
4.1	 Tension Member......................................................................76

4.2	 Various Types of Tension Members...................................77

4.3	 Net Sectional Area of Tension Members (An).................78

4.4	 Net Effective Area of Tension Members (Ane).................80

4.5	 Different Types of Failure in Tension Members.............82

4.6	 Design Strength of a Tension Member.............................82

4.7	 Slenderness Ratio of Tension Members...........................85

(iii)

Design of Steel Structures
Contents



4.9	 Splicing in Tension Member.................................................86

4.10	 Lug Angles..................................................................................87

4.11	 Gusset Plate................................................................................87

	 Objective Brain Teasers......................................................... 102

	 Conventional Practice Questions....................................... 104

Chapter 5
Compression Members........................105
5.2	 Different Types of Compression Member.................... 105

5.3	 Design Aspects of Compression Member.................... 105

5.4	 Effective Length..................................................................... 106

5.5	 Slenderness Ratio (l)........................................................... 108

5.6	 Types of Sections for Compression Members............ 109

5.7	 Various Types of Buckling.................................................. 110

5.8	 Elastic and Inelastic Buckling of Columns.................... 111

5.9	 Column Formula.................................................................... 114

5.10	 Design Strength of Axially Loaded 

	 Compression Member......................................................... 118

5.11	 Procedure for the Design of Axially Loaded 

Compression Member......................................................... 118

5.12	 Built-up Columns.................................................................. 119

5.13	 Lacing........................................................................................ 121

5.14	 Batten........................................................................................ 124

5.15	 Encased Column.................................................................... 127

5.16	 Column Splices...................................................................... 127

	 Objective Brain Teasers......................................................... 146

	 Conventional Practice Questions....................................... 147

Chapter 6
Beams....................................................148
6.1	 Major Consideration in Beam Design............................ 148

6.2	 Types of Beam Sections...................................................... 148

6.3	 Plastic Moment Carrying Capacity of a Section......... 150

6.4	 Classification of Beam Cross-sections........................... 152

6.5	 Different Types of Elements of a Cross-section.......... 152

6.6	 Lateral Stability of Beams................................................... 153

6.7	 Elastic Critical Moment....................................................... 154

6.8	 Strength of Beams in Bending......................................... 159

6.9	 Flexural Strength of Laterally Supported Beam......... 160

6.10	 Shear Strength of Laterally Supported Beam............. 162

6.11	 Limits on Deflection of Beam........................................... 164

6.12	 Buckling Strength of Web.................................................. 165

6.13	 Web Crippling........................................................................ 166

6.14	 Procedure for the Design of Beams................................ 166

6.15	 Design of Built-up Beams................................................... 166

6.16	 Design of Laterally Unsupported Beams...................... 167

6.17	 Effective Length of Laterally Unsupported Beams... 167

6.18	 Design of Laterally Unsupported Beam : Purlin......... 168

6.19	 Design of Laterally Unsupported Beam: 

	 Grillage Beams....................................................................... 169

6.20	 Design of Built-up beams/plated beams..................... 170

	 Objective Brain Teasers......................................................... 187

	 Conventional Practice Questions....................................... 188

Chapter 7
Column Bases and Foundations..........189
7.1	 Introduction............................................................................ 189

7.2	 Types of Column Bases....................................................... 189

7.3	 Slab Base.................................................................................. 192

7.4	 Gusset Base............................................................................. 195

7.5	 Moment Resisting Base Plate and its Design.............. 198

7.6	 Foundation Bolts................................................................... 201

	 Objective Brain Teasers......................................................... 213

	 Conventional Practice Questions....................................... 214

Chapter 8
Plate Girder...........................................215
8.1	 Introduction............................................................................ 215

8.2	 Elements of a Plate Girder.................................................. 216

8.3	 Self-weight of a Plate Girder............................................. 217

8.4	 Depth of Web......................................................................... 217

8.5	 Web Thickness........................................................................ 219

8.6	 Size of Flanges........................................................................ 220

8.7	 Flexural Strength................................................................... 221

8.8	 Shear Strength of Web........................................................ 221

8.9	 Design of Web for Shear Buckling................................... 225

8.10	 Design of End Panels........................................................... 227

8.11	 Stiffeners.................................................................................. 231

8.12	 Bearing Stiffeners.................................................................. 236

8.13	 Stiffener Connections.......................................................... 237

(iv)(iv)



(v)(v)

8.14	 Diagonal Stiffeners............................................................... 237

8.15	 Tension Stiffener.................................................................... 238

8.16	 Torsional Stiffener................................................................. 238

	 Objective Brain Teasers......................................................... 250

	 Conventional Practice Questions....................................... 251

Chapter 9
Gantry Girder........................................252
9.1	 Gantry girder and their use............................................... 252

9.2	 Loads for Gantry Girders..................................................... 253

9.3	 Specification for Gantry Girders...................................... 256

9.4	 Procedure for the Design of Gantry Girders................ 256

	 Objective Brain Teasers......................................................... 263

	 Conventional Practice Questions....................................... 263

Chapter 10
Members Carrying Combined 
Axial Load  and Moments.....................264
10.1	 Introduction............................................................................ 264

10.2	 Order of Moments................................................................ 264

10.3	 Beam-Column Behaviour................................................... 268

10.4	 Strength of Beam-Column................................................. 269

10.5	 Check for Local Section Capacity.................................... 270

10.6	 Check for Overall Strength of Member......................... 271

10.7	 Procedure for the Design of Beam Columns............... 273

10.8	 Procedure for the Design of Tension Members 

Subjected to Bending Moment....................................... 274

	 Objective Brain Teasers......................................................... 280

	 Conventional Practice Questions....................................... 281

Chapter 11
Eccentric & Moment Connections.......282
11.1	 Different types of Connections........................................ 282

11.2	 Beam Column Connections.............................................. 286

11.3	 Connection Subjected to Eccentric Shear................... 287

11.4	 Framed Connection-Bolted............................................... 288

11.5	 Seat Connection-Bolted..................................................... 289

11.6	 Bolted Bracket Connection................................................ 292

11.7	 Welded Bracket Connection............................................. 297

	 Objective Brain Teasers......................................................... 312

	 Conventional Practice Questions....................................... 313

Chapter 12
Plastic Analysis and Design.................314
12.1	 Introduction............................................................................ 314

12.2	 Strength of Tensile Member.............................................. 314

12.3	 Strength of Compression Member................................. 316

12.4	 Strength of Flexural Member............................................ 316

12.5	 Theory of Plastic Bending.................................................. 316

12.6	 Plastic Hinge........................................................................... 319

12.7	 Redistribution of Moments and Reserve of Strength....323

12.8	 Plastic Collapse...................................................................... 324

12.9	 Ultimate Load Analysis Fundamentals.......................... 324

12.10 Fundamental Conditions in Plastic Analysis................ 324

12.11 Theorem of Plastic Analysis............................................... 324

12.12 Static Method......................................................................... 325

12.13 Kinematic Method (Mechanism Method).................... 326

12.14 Principle of Virtual Work...................................................... 326

12.15 Advantages and Disadvantages of Plastic Design over 

Elastic Design......................................................................... 326

12.16 Some Important Aspects of Plastic Design and Elastic 

Design....................................................................................... 327

	 Objective Brain Teasers......................................................... 336

	 Conventional Practice Questions....................................... 336

Chapter 13
Industrial Roof Truss.............................338
13.1	 Introduction............................................................................ 338

13.2	 Planning................................................................................... 338

13.3	 Components of an Industrial Shed................................. 339

13.5	 Roof Trusses............................................................................ 340

	 Objective Brain Teasers......................................................... 345

	 Conventional Practice Questions....................................... 346

Chapter 14
Appendix...............................................347

nnnn
































	01. Introduction.pdf
	02. Rivetted bolted and pinned connections.pdf
	03. Welded connections.pdf
	04. Tension Members.pdf
	05. Compression Members.pdf
	06. Beams.pdf
	07. Coulmn bases and Foundations.pdf
	08. Plate Girder.pdf
	09. Gantry Girder.pdf
	10. Members carrying axial load and moments.pdf
	11. Eccentric and moment connections.pdf
	12. Plastic Analysis and Design.pdf
	13. Industrial Roof Truss.pdf
	14. Appendix (Tables).pdf



