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ROLE OF STEEL STRUCTRUES IN SERVICE FOR THE SOCIETY
(Chat-magni aur Patt-byah)

Role of Steel Structures is useful, significant and important inservice for the
society due to following advantages of steel inconstruction Steel is strong and these
structures have extremely highload-bearing capacity.

1.
2.
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These may be fabricated in the work-shops quickly.
The construction of the structures is also quick.

These structures may be furbished (made new again) strengthened and
remodelled, if necessary. These may be expanded or relocated.

These structures have long life-span.

These structures need few columns to stand-on, minimizing waste of space.
Steel is recyclable.

Steel 1s more environment friendly.

If necessary, steel structures are easy to dismentle.

These structures can withstand earthquakes to much significant degree.

Authors fully support the views of R.K.P. Singh, Director General, Institution of
Steel Development and Growth (INSDAG).

Reference: Times of India, dated 14.05.2007, page 12, dated 22.5.2007 page 1.
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SYSTEM INTERNATIONAL d’ UNITS (SI - System of Units)

In order to avoid the conversion of results obtained by engineers working with
the foot pound second system (gravitational) of units in terms of centimetre-gram
second absolute system of units used by the scientists, a need of common system of
units was realised. The General Conference on Weights and Measures held at Paris
in 1960 finalised the System International d’ Units (SI). It is an absolute system of
units. The mass is considered as fundamental unit and not the force. BIS has
included a comment of transition in IS 3616-1966. ‘Recommendation on the
International System (SI) Units’ that this system has begun to replace older system
of units in several branches of science and technology. The SI is a universal system
of units and it has been adopted in France as a legal system and it is likely to
become common in many countries. SI units have the following six basic units.

Unit of length (metre, m)

The length equal to 1,650, 763.73 wave lengths, in vacuum, of the radiation
corresponding to the transition between 2p” and 5d’ levels of the krypton n atom of
mass 86 is known as one metre.

Unit of mass (kilogram, kg)

The mass of platinum-iridium cylinder deposited at the international Bureau of
Weights and Measures and declared as the intrnational prototype of the kilogram by
the First General Conference of Weights and Measures is called as one kilogram.

Unit of time (second, s)

1131, 566, 925, 974.7 of the length of the tropical year for 1900, the year
commencing at 1200 hours universal time on the first day of January, 1900 is
termed as one second.
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Unit of electric current (ampere, A)

The constant current which flows in two parallel straight conductors of infinite
length of negligible circular cross-section and placed at a distance of one metre from
each other in vacuum producing a force of 2 X 10" Newtons per metre length
between the conductors is defined as one ampere.

Unit of thermo-dynamic temperature (degree Kelvin, °K)

The degree interval of the thermo-dynamic scale on which the temperature of
triple point of water is 273.16 degrees, is known as one degree Kelvin.

Units of luminous intensity (candela, cd)

One sixtieth part of luminous intensity normally emited by one hundred
millimetre square of integral radiator (black body) at the temperature of
solidification of platinum is called as one candela.

Following are the derived units (derived from the basic SI units and these are
relevant for the study of design of steel structures).

Force Newton (N) kg.m. s

Work-energy Joule (J) kg.m’ . S"=(N — m)
Power Watt (W) kg.m’.s'=(J .s")
Frequency Hertz (Hz) Cycles/sec.
Accereation due to gravity used is 9.81 ms”.

The force is a derived quantity and physical law connecting the quantity to the
fundamental quantities or previously obtained derived quantities is force = mass x
acceleration. It is defined as that force which produces unit acceleration (i.e., 1 m per
sec’ in a unit mass of 1 kg). Its unit is Newton (N). Though, the Newton is a small
unit, a still larger unit kN may be used. The intensity of force (viz. stress) due to 1
Newton over a unit area of one metre quare is known as one pascal. It is denoted by
symbol, Pa (1 Pa=1 N/m’ and 10°. Pa =1 N/mm’. (viz. 1 MPa = 1 N/mm).

The unit of force, the Newton (N) is the force required to develop unit
acceleration (m s72) to unit mass (kg). In terms of Newtons, the common force units
in the foot-pound second system (with g = 9.81 ms?) are

1 1b-wt = 4.45 Newtons (N)
1 ton-wt = 9.96 x 10” Newtons (N)
1 ton-wt = 9.96 kN

The unit of force, the Newton (N) is used for the external loads and the internal
forces, such as the shear force. Torque and bending moments are expressed as
Newton-metres (N-m).
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Another important unit is stress. In the foot-pound-second system the stresses
are commonly expressed in lb-wt/in2 and tons/in2. In the SI system of units, these
are taken as

11b. wtAn2 =6.89 X 103 N/mm? 6.89 kN /m?
1 ton. wt/An2 =15.42 X 106 N/mm2= 15.42 MN /m?2

Yield stress of the common metallic materials are in the range 200 MN/m2 to
750 MN/m2. Yound modulus of elasticity, E for steel

E_=30x% 10" lbs.wt/in’=2.07 X 10'N/mm°= 207 GN /m"

The SI units make the use of multiples and sub-multiples 1000 times or 1/1000
times the unit quantity and in powers of 10’ (kilo) or 10” (milli) in respect of still
larger and smaller quantities respectively. The lengths are measured usually in
kilometre (1 km = 1000 m), metre and millimetre (1 mm = 10° m). The symbols of
units are not to be suffixed with ‘s’ for plural.

0
I](kilo k 10”), (mega M 10, (giga G 10+9)EI[I

SI system of units have many advantages. The units are very handy. The
burden of nn-decimal coefficients in foot-pound second system is avoided. It has
relatively large main units in contrast to centimetre- gram- second system. At the
same time, it is closely related to centimetre- gram-second sytem of units. In
practice, it results in perfectly reasonable number when the value of g = 10 m/sec’ is
used instead of 9.806 m/sec’.
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PREFACE

METHOD OF LIMIT STATE (Ultimate Limi State, (ULS) and
Serviceability Limit State (SLS) present an improved design philosophy and
makes allowance for the short-compings of working stress method
(conventional and long time used in practice). This method provides basic
framework, within which the performance of the steel structures may be
assessed against various limiting conditions and involves some concept of
probability.

Object of limit design method is to get steel structure that will remain fit
for use during its life with acceptable target reliability. The probability of a
limit state being reached during its life time is kept very small.

This method has been broadly adopted in many developed countries.

In our country, ‘Limit State Method of Design of Concrete Structures
(LSD : CS) was intoduced in IS 456-1978. It was natural for Bureau of
Indian Standards, to introduce this method (LSD : SS) for Steel Structures
in its recommendations in IS : 800-2007 (Third Revised Edition).

Authors have made efforts to present the matter to understand the
subject easily and conveniently. This book has been covered in eight parts in
twenty six chapters and four appendices as listed in contents. Appendix A
and B have been given for ‘shear centre for the thin walled cross-sections'
and ‘'unsymmatrical bending' being important topics for many points of view
for the interest of the students.

The expressions given in IS : 800-2007 for the determination of the
strengths of te structural members in bending and shear have been derived
by first principle of strength of materials and / structural stability.

Inspite of careful scrutiny of the manuscript, it is possible that some
typographical and computational errors are still left. Authors shall feel
highly obliged to those, who bring these errors to their notice.



Limit State Design of Steel Structures - 1

Authors acknowledge Shri R.K. Singhal, Shri Sher Singh Gehlot and
Shri Suresh Sankhla of Department of Structural Engineering, Faculty of
Engineering, Jodhpur for their encouragement and time to time
consultations.

Authors express their heartly thanks to Shri Rajesh Ojha (Laser typeset)
and also thanks to Shri Pawan Kumar Sharma, Proprietor, M/s Scientific
Publishers (India), Jodhpur for nice get-up and publication.

Dr. Ramchandra
Virendra Gehlot



CONTENTS

PART I:
STRUCTURAL STEEL SECTIONS, STRUCTURES, CODES AND
SPECIFICATIONS
1. INTRODUCTION
1.1 Introduction
1.2 Steel
1.3 Structural Steel
1.4 Mild Steel
1.5 High Tensile Structural Steel
1.6 Weldable steel
1.7 Stainless steel
1.8 Production of steel
1.9 Recent Developments in Materials
1.10 Advantages and Disadvantages of Steel Members
1.11 Rolled Structural Steel Sections
1.12 Rolled Steel Beam Sections
1.13 Rolled steel Channel Sections
1.14 Rolled Steel Tee Sections
1.15 Rolled Steel Angle Sections
1.16 Rolled Steel Bars
1.17 Rolled Steel Tubes (Hollow Sections)
1.18 Rolled Steel Flats
1.19 Rolled Steel Sheets and Strips
1.20 Rolled Steel Plates
1.21 Recent Development in Sections
1.22 Structures
1.23 Classification of Structures
1.24 Classification of Structural members

1.25 Specifications and Building Codes

1-30
01
02
04
06
07
10
11
12
13
13
13
14
16
17
18
20
20
20
21
21
21
22
22
25
25



X1l

Limit State Design of Steel Structures - 1

2.1

2.2

2.3

24

2.5

2.6

2.7

2.8

2.9

2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26
2.27
2.28
2.29
2.30

PART 1T
LOADS (ACTIONS), METHODS OF ANALYSIS AND DESIGN,
AND PROPERTIES OF STEEL, SERVICE CHARACTERISTICS

LOADS (ACTIONS), METHODS OF ANALYSIS AND
DESIGN, AND PROPERTIES OF STEEL SERVICE

(CHARACTERISTIC) 31-107
Introduction 31
Dead Loads (Permanent Loads) 32
Live Loads (Imposed/Transit/Variable Loads) 36
Wind Load (Transit Loads) 44
Snow loads 47
Seismic load (Earthquake Forces) 47
Soil and Hydrostatic Pressure 49
Erection Effects (Loads) 49
Dynamic Loads and its effect (Impact) 50
Temperature Effects 50
Load Combinations 51
Stresses 51
Stress-strain Relationship for Mild-Steel 51
Tensile Stress 54
Compressive stress 55
Bearing stress 55
Working Stress 55
Increase in Permissible Stresses 56
Methods of Design 56
History of Elastic (Working Stress) Method of Design 57
Elastic (Working Stress) Method of Design 58
Semi-rigid Design 59
Fully Rigid Design 59
History of Plastic (Ultimate Load) Method of Design 60
Plastic (Ultimate Load) Method of Analysis and Design 62
Structural safety and Factor of Safety 65
Mechanical Properties of Steel 67
Durability and Corrosion of Steel 71
Fire Resistance 7

Hardness of Steel 78



Contents X1l

2.31 Brittleness of Steel 84
2.32. Resilience of Steel 84
2.33. Toughness of Steel 84
2.34 Relation between Young's modulus E and modulus of Rigidity 87
2.35 Relation between Young's modulus of Elasticity and Buck modulus 88
2.36 Bauschingers Effect 90
2.37 Stability of Structures 91
2.38. Stiffness of Structures 92
PART III

CONCEPT OF LIMIT STATE METHOD OF ANALYSIS AND DESIGN

3. SOURCES OF UNCERTAINTIES INFLUENCING SAFETY
OF STEEL STRUCTURES 94-108
3.1 Introduction 94
3.2 Normal (or Gaussian Probability) Distribution Curve 95
3.3 Standard Deviation 97
PART IV

LIMIT STATE DESIGN

4. METHOD OF ULTIMATE LIMIT STATE (ULS) AND

SERVICEABILITY LIMIT STATE (SLS) AND PARTIAL SAFETY

FACTORS FOR LOADS AND STRENGTH OF MATERIALS 101-127
4.1 Introduction 101
4.2 Brief History of Limit State Method 102
4.3 Requirements for Limit State Design Method 104
4.4 Conditions for Limit State Design 104
4.5 Elements and sub-elements of Limit State Design 105
4.6 Actions (Loads) 113
4.7 Characteristic (Service load/Actions), Wek 114
4.8 Design (Factored) Loads, Wt 115
4.9 Partial Safety Factors for Loads, yL 115
4.10 Characteristic Strength of Materials (steel), fox 117
4.11 Partial Safety Factors for Strength of materials, yms 118
4.12 Effects of Loads/Load Effects (Internal Forces) 119

4.13 Requirements of Limit State as regards safety of structures 119



X1U Limit State Design of Steel Structures - 1
4.14 Stability of Structures 120
4.15 Classification of Cross-sections 121
4.16 Types of Elements 122
4.17 Combination of Loads 123
4.18 Criteria for failure/Collapse of steel 125
PARTYV

DESIGN OF COLUMNS AND COMPRESSION MEMBERS
5. LIMIT STATE OF COLLAPSE IN COMPRESSION DESIGN OF

AXIALLY LOADED COLUMNS AND COMPRESSION MEMBERS 128-294
5.1 Introduction 128
5.2 Basic Concept of Stability 129
5.3 Structural Instability 131
5.4 Assumptions for Determining Basic Column Strength 132
5.5 Euler's Elastic Buckling Load for an Axially Loaded

(Prismatic member) Columns 133
5.6 Stub-columns (Compression Test Specimen) 139
5.7 Slender (Long) Columns and Compression Members 140
5.8 Residual stresses in Hot-Rolled Steel Sections 141
5.9 Effective Length of Compression Members 144
5.10 Effective sectional Area (or Cross-sectional Area) 149
5.11 Radius of Gyration of Cross-sectional shapes 149
5.12 Slenderness Ratio of Compression Members 149
5.13 Possible Modes of Failures for Axially loaded columns 150
5.14 Flexural Buckling 151
5.15 Torsional Buckling 151
5.16 Combined Torsional Flexural Buckling 156
5.17 Local Buckling in Columns 167
5.18 Column Formula for Axial stress in Compression (A Historical Review) 168
5.19 Merchant-Rankine Formula 201
5.20 Rolled Steel Sections used as Compression Members 202
5.21 Classification of column cross-sections 206
5.22 Strength/Resistance of Compression Members 210
5.23 Comparison of Two Procedure (Determination of Compression members) 212
5.24 Angle sections used as compression members 221
5.25 Compressive strength of Angle sections 224



Contents XU

5.26 Compressive strength of Built-up Members 226
5.27 Width-Thickness Ratio of Elements in compression members 235
5.28 Design of Axially Loaded columns. 246
5.29 Design of Angle Struts 255
5.30 Laced and Battened columns 260
5.31 Batten Plates 277
5.32 Perforated cover plates 289
6. LIMIT STATE OF COLLAPSE IN COMPRESSION AND BENDING

COMBINED DESIGN OF ECCENTRICALLY LOADED COLUMNS 295-346
6.1 Introduction 295
6.2 Eccentrically Loaded Columns 296
6.3 Presence of Axial compression influences plastic moment capacity 302
6.4 Behaviour and strength of short Beam-columns 310
6.5 Behaviour and strength of Long Columns 311
6.6 Differential Equation for Axial Compression and Bending 315
6.7 Beam-column subjected to Unequal End moments without Transverse Loads 317
6.8 Beam-column subjected to Transverse uniform Loading 322
6.9 Beam-column in Single curvature without End Translation

(Moment Magnification) 324
6.10 Beam-column ultimate strength (instability in the plane of Bending) 326
6.11 Interaction Equations (Ultimate Strength) 328
6.12 Interaction Equations for members subjected to Axial compression and

Bending as Recommended by Code 330
6.13 Overall-strength of Beam-column 332
6.14 Beam-column ultimate strength considering secondary effects 334
6.15 Infleunces of Different factors on failure modes of Beam-columns 336
7. LIMIT STATE OF COLLAPSE IN DESIGN OF STEEL CONCRETE

COMPOSITE (ENCASED) COLUMNS 347-370
7.1 Introduction 347
7.2 Types of steel concrete composite columns 350
7.3 Structural steel 352
7.4 Cement concrete 353
7.5 Definitions of some-terms used 354
7.6 Ultimate load carrying Capacity (Plastic Resistance) of Composite Columns 355



XUl

Limit State Design of Steel Structures - 1

7.7
7.8

7.9

8.1
8.2
8.3

8.4
8.5
8.6

9.1
9.2
9.3
9.4
9.5

10.

10.1
10.2
10.3
10.4
10.5
10.6
10.7

Effective Elastic Flexural Stiffness

Load carrying capacity/Resistance of Steel Composite Columns
subjected to Axial Load

Design Procedure for steel composite Axially Loaded columns

ULS/LSD METHOD OF DESIGN OF COLUMN BASES SLAB
BASES AND GUSSETED BASES FOR COLUMNS

Introduction
Design of Slab Bases for Columns

Brief Procedure for Design of Slab Base for Axial Load only
(Pinned Connections)

Design of Gusseted Base for A column
Column Bases Subjected to moment

Use of Anchor Bolts to resist over-turning moment

ULS/LSD METHOD OF DESIGN OF COLUMN FOOTINGS DESIGN
OF INDEPENDENT AND COMBINED COLUMN FOOTINGS

Introduction

Independent column Footing

Design of Independent Column Footings
Design of Combined Column Footing

Approximate method of Design of Combined Footing

PART VI
DESIGN OF TENSION MEMBERS

LIMIT STATE OF FAILURE DUE TO YIELD IN TENSION/

361

363
368

371-393

371
371

378
382
386
390

394-432

394
395
396
409
413

RUPTURE OF CRITICAL SECTION/BLOCK SHEAR DESIGN

OF TENSION MEMBERS
Introduction

Type of Tension Members
Behaviour of Tension Members

Net Sectional Area for Staggered holes

Design Tensile Strength/Resistance due to yielding of cross-sections

Design Tensile Strength/Resistance due to Rupture of Critical Sections

Threaded Rods and Bars

433-465

433
435
436
437
439
440
441



Contents XUiL

10.8 Plates under Tension (Net Sectional Area) 441
10.9 Shear Lag (Shear flow) 443
10.10 Design Tensile Strength/Resistance due to Rupture of Critical

Section (Net Effective Section for Angles and Tees) 446
10.11 Design Tensile Strength/Resistance of An Angle Section due to

Block-shear 449
10.12 Design Tensile Strength/Resistance due to Block-shear 452
10.13 Design of A Tension Member 459
10.14 Splice (Joint) in Tension Member 463
10.15 Lug Angles 463

PART VII
DESIGN OF BEAMS

11. LIMIT STATE OF COLLAPSE IN FLEXURE DESIGN OF

LATERALLY SUPPORTED BEAMS

(BENDING STRENGTH) (SB-I) 466-509
11.1 Introduction 466
11.2 Classification of Steel Beam sections (Types of Cross-sections) 469
11.3 Local Buckling Effects in Steel Beams 471
11.4 Limits for Width-Thickness Ratio 472
11.5 Bending (Flexural) stress 474
11.6 Design (Factored) Strength/Resistanced of Laterally supported

Beams in Bending (Flexure) 476
11.7 Moment-curvature Relationship 479
11.8 Plastic-Hinge 481
11.9 Length (Spread) of A yielded Zone 482
11.10 Behaviour of Beams in Elastic Range 485
11.11 Laterally Supported Beams 486
11.12 Effective span of Laterally supported Beams 488
11.13 Design of Laterally supported/Restrained Beams 490
11.14 Computer Programme for Analysis and Design of Laterally

Supported Beams 496
11.15 Input and Output Statements for computer Programmes 503



XUl

Limit State Design of Steel Structures - 1

12.

12.1
12.2
12.3
12.4
12.5
12.6
12.7
12.8

13.

13.1
13.2
13.3

14.

14.1
14.2
14.3
14.4

15.

15.1
15.2
15.3
15.4
15.5

15.6

LIMIT STATE OF COLLAPSE IN SHEAR DESIGN OF
BEAMS (SB-1I) SHEAR STRENGTH/RESISTANCE OF BEAMS 510-522

Introduction 510
Shear Behaviour of steel Beams in Elastic Stage 512
Shear Behaviour of Steel Beams in Plastic Stage 513
Effects of Holes in Tension Zone 515
Effects of shear Lag 516
Design (Factored) shear Resistance/strength of Beams 516
Resistance to Shear Buckling in Laterally Supported Beams 517
Design methods considering shear Buckling 518

LIMIT STATE OF FAILURE DUE TO WEB BUCKLING AND WEB

CRIPPLING DESIGN OF STEEL BEAMS (SB-III) 523-529
Introduction 523
Web Buckling of Steel Beams 523
Web Crippling of Steel Beams 525

LIMIT STATE OF SERVICEABILITY (STIFFNESS AND

DEFLECTIONS) DESIGN OF STEEL BEAMS (SB-1V) 530-535
Introduction 530
Effects of Deflections 531
Method of Controlling Deflections 532
Limitations of Vertical and Horizontal Deflections in Crane Structures 533

LIMIT STATE OF COLLAPSE IN (1) (FLEXURE) BENDING AND
SHEAR, STRENGTH OF LATERALLY UNSUPPORTED
(UNRESTRAINED) STEEL BEAMS DESIGN OF

STEEL BEAMS (SB-1V) 536-584
Introduction 536
Rational Analogy Between Laterally unsupported Beams and Columns 537
Elastic Critical Stress for Symmetrical Sections 538
Lateral Torsional Buckling of Beams with compact Cross-sections 538

Elastic Lateral Buckling of Symmetrical I-shaped Beams Subjected to
Pure Bending 540

Lateral Buckling in Plastic Range 548



Contents

Xix

15.7

15.8

15.9

15.10
15.11
15.12
15.13
15.14

16.

16.1
16.2
16.3
16.4
16.5
16.6

17.

17.1

18.

18.1
18.2
18.3
18.4
18.5
18.6

Design Bending Strength of Laterally unsupported Beams Controlled
by Lateral Torsional Buckling

Lateral Torsional Buckling for Beams of Different Sectional Shapes
Effective Length of Compression Flange for Lateral Torsional Buckling
Use of "'m' Factors in Design

Slenderness Correction

Determination of Equivalent Slenderness Ratio, yLr

Design Procedure for Laterally unsupported Beams

Computer Programme for Analysis and Design of Laterally
unsupported Beams

LIMIT STATE OF COLLAPSE IN BENDING AND
SHEAR DESIGN OF BUILT-UP (COMPOUND) BEAMS (SB-V)

Introduction

Design of Built-up Beams
Lintels

Jack-Arch

Filler Joists

Encased Beams

LIMIT STATE FOR COLLAPSE IN BENDING AND SHEAR
DESIGN OF CRANE GANTRY GIRDERS

Introduction

PART VIIT
DESIGN OF PLATE GIRDERS

LIMIT STATE OF COLLAPSE IN BENDING DESIGN OF
PLATE GIRDERS (P.G.I.)

Introduction

Elements of A plate Girders

Area of Flanges of A Plate Girder

Depth of A Plate Girder

Economical Depth of A Plate Girder (For Working Stress Method)
Self-weight of A Plate Girder (working-stress method)

549
553
561
564
565
567
572

577

585-608
585
587
587
599
602
604

609-621
609

622-651
622
625
626
630
632
633



XX Limit State Design of Steel Structures - 1
18.7 Impact (Coefficient of Dynamic Augmentation : CDA) 634
18.8 Assumptions for Design of Plate Girders 635
18.9 Allowable Bending Stress (for Working stress method) 636
18.10 Design of Web Plate (Preliminary Design for a trial section) 636
18.11 Design of Flanges (Preliminary Design Procedure for a trial section) 637
18.12 Curtailment of Flange Plates (Length of Flange plates) 640
18.13 Connection of Flange Angles to Web 644
18.14 Connection of Flange Plates to Flange Angles 646
18.15 Design of A Plate Girder Section 646
19 LIMIT STATE OF COLLAPSE IN SHEAR DESIGN OF

PLATE GIRDERS (P.G. II) 652-707
19.1 Introduction 652
19.2 Web Plate subjected to Pure shear 654
19.3 Requirements for Minimum thickness of web 657
19.4 Shear capacity of web plates (Working-stress method) 659
19.5 Diagonal Buckling of A Web Plate 662
19.6 Design Methods for Determination of Shear Buckling Resistance 663
19.7 Behaviour of Web Plate 665
19.8 Tension Field Action method for Determination of Resistance/

strength of Web in Shear Buckling 675
19.9 Design of End Panels 676
19.10 Modified web buckling stress 679
19.11 Web subjected to Pure Bending 679
19.12 Structural Behaviour of Flanges and Webs (of a Plate Girder) 680
19.13 Load and Bearing stiffeners 682
19.14 Design of Load carrying stiffeners and bearing stiffeners 685
19.15 Intermediate stiffeners 686
19.16 Vertical (Transverse) stiffeners 686
19.17 Design of Intermediate (Vertical Transverse) web stiffeners 688
19.18 Connection of Intermediate stiffeners to web 689
19.19 Horizontal (Longitudinal) stiffeners 689
19.20 Important Parameters necessary for Design of Stiffeners 691
19.21 Buckling Resistance of Stiffeners 691



Contents

X1

19.22
19.23
19.24

20

20.1
20.2
20.3
20.4
20.5
20.6
20.7

21
21.1
21.2
21.3
21.4
21.5
21.6
21.7
21.8
21.9
21.10
21.11
21.12
21.13

22
22.1

23
23.1

Connections of Load carrying stiffeners and Bearing stiffeners to web
Behaviour of Transverse stiffeners at ultimate Load

Web plates subjected to combined bending and shear

WEB SPLICE AND SPLICE IN FLANGE ELEMENTS OF A
RIVETED PLATE GIRDERS (P.G. III)

Introduction

Web splice (Rational splice)
Web splice (moment-splice)
Web splice (shear splice)
Flange splice

Splice of Flange Angles
Splice of Flange Plates

WELDED JOINTS SUBJECTED TO AXIAL LOAD
Introduction

Advantages of Welding

Dis-advantages of welding

Types of welded joints

Butt-weld

Fillet-weld

Slot-weld and Plug-weld

Imperfections (Defects) in weld

Stress in Weld due to Individual Forces
Combined stresses in welds

Combined stresses in welds
Design of Welded Joints Subjected to Axial Load

Design of Welded Joints (Unsymmetrical sections subjected to Axial load)

WELDED JOINTS, SUBJECTED TO ECCENTRIC LOAD

Introduction

DESIGN OF WELDED PLATE GIRDERS (WPG)

Introduction

692
693
704

708-730
708
709
713
718
722
722
724

731-776
731
733
734
735
735
739
744
745
748
755
758
766
770

777-792
7T

794-820
794



XXl Limit State Design of Steel Structures - 1

23.2 Design of Web Plate 794
23.3 Design of Flange Plates 795
23.4 Design of Connections of Flange Plate and Web 797
23.5 Design of Bearing stiffeners 798
23.6 Intermediate stiffeners 798
24 DESIGN OF WELDED BEAM CONNECTIONS 821-840
24.1 Introduction 821
24.2 Direct Weld Connections 821
24.3 Welded Framed Connections 825
24.4 Welded Seat Connections 831
24.5 Moment Resistant Welded Connections 837
25 DESIGN OF ROOF TRUSSES 841-916
25.1 Introduction 841
25.2 Types of Roof Trusses 842
25.3 Various Terms used in Roof Trusses 844
25.4 Economical Spacing of Roof Trusses 847
25.5 Roof Covering Materials 848
25.6 Loads on Roof Trusses 850
25.7 Design Wind Speed 856
25.8 Design Wind Pressures 861
25.9 Wind Forces (Loads) on Building Structures 862
25.10 Wind load on Individual members 863
25.11 External Pressure Coefficient 863
25.12 Internal Pressure Coefficient 873
25.13 Extrernal Pressure Coefficients for some other Roofs 875
25.14 Combination of Loads on Roof Trusses 878
25.15 Bracing of Roof Trusses 880
25.16 Assumptions in Analysis of Roof Trusses 880
25.17 Design of Roof Trusses 884
25.18 Design of Members of A Roof truss 885
25.19 Typical Details of Roof Trusses 888

25.20 Design of Channel and I section purlin 892



Contents xXx1iL
25.21 Empirical Design of Angle Purlins 893
25.22 Bi-axial Bending in Purlins 894
26 DESIGN OF ROUND TUBULAR TRUSSES AND
CONNECTIONS 917-935
26.1 Introduction 917
26.2 Round Tubular Sections 918
26.3 Tube Columns and Compression members 920
26.4 Crinkling of Tubular Sections 922
26.5 Tube Tension Members 922
26.6 Tubular Roof Trusses 922
26.7 Joints in Tubular Trusses 923
26.8 Design of Tubular Beams 926
26.9 Design of Tubular Purlins 926
Appendix A : Shear Centre for A Thin-walled Beam Cross-section 931 - 969
Appendix B : Unsymmetrical Bending 970 - 1003
Appendix C : Bolts and Design of Bolted Connections. 1004 - 1035
Appendix D : Pins and Design of Pinned Connections. 1036 - 10443
INDEX 1044-1058






	Cover
	Title
	Acknowledgement
	Preface
	Contents
	Part – I Structral Steel, Sections, Structures, Codes and Specification
	1 Introduction
	1.1 Introduction
	1.2 Steel
	1.3 Structural Steel
	1.4 Structural Mild Steel
	1.5 High Tensile Structural Steel
	1.6 Weldable Steel
	1.7 Stainless Steel
	1.8 Production of Steel
	1.9 Recent Developments in Material
	1.10 Advantages and Disadvantages of Steel Members
	1.11 Rolled Structural Steel Sections
	1.12 Rolled Steel Beam Sections
	1.13 Rolled Steel Channel Sections
	1.14 Rolled Steel Tee Sections
	1.15 Rolled Steel Angle Sections
	1.16 Rolled Steel Bars
	1.17 Rolled Steel Tubes (Hollow-Sections)
	1.18 Rolled Steel Flats
	1.19 Rolled Steel Sheets and Strips
	1.20 Rolled Steel Plates
	1.21 Recent Developments in Sections
	1.22 Structures
	1.23 Classification of Structures
	1.24 Classification of Structural Members
	1.25 Specifications and Building Codes


	Part – II Loads (Actions), Methods of Analysis and Design and Properties of Steel (Characteristic) Service
	2 Loads (Actions), Methods of Analysis and Design, and Properties of Steel Service (Characteristic)
	2.1 Introduction
	2.2 Dead Loads (Permenant Loads)
	2.3 Live Loads (Imposed/Transient/Variable Loads)
	2.4 Wind Load (Transient Load)
	2.5 Snow Load
	2.6 Seismic Load (Earthquake Force)
	2.7 Soil and Hydrostatic Pressure
	2.8 Erection Effects (Loads)
	2.9 Dynamic Loads and its Effects (Impact)
	2.10 Temperature Effects
	2.11 Load Combinations
	2.12 Stresses
	2.13 Stress-Strain Relationship for Mild Steel
	2.14 Tensile Stress
	2.15 Compressive Stress
	2.16 Bearing Stress
	2.17 Working Stress
	2.18 Increase in Permissible Stresses
	2.19 Methods of Design
	2.20 History of Elastic (Working-Stress) Method of Design
	2.21 Elastic (Working Stress) Method of Design (WSM)
	2.22 Semi-Rigid Design
	2.23 Fully Rigid Design
	2.24 History of Plastic (Ultimate Load) Method of Design
	2.25 Plastic (Ultimate Load) Method of Analysis and Design
	2.26. Structural Safety and Factor of Safety
	2.27 Mechanical Properties of Steel
	2.28 Durability and Corrosion of Steel
	2.29 Fire Resistance
	2.30 Hardness of Steel
	2.31 Brittleness of Steel
	2.32 Resilience of Steel
	2.33 Toughness of Steel
	2.34 Relation Between Young’s Modulus of Elasticity, E and Modulus of Rigidity, G
	2.35 Relation Between Young’s Modulus of Elasticity, E and Bulk Modulus, K
	2.36 Bauschinger’s Effect
	2.37 Stability of Structure
	2.38 Stiffness of Structure


	Part – III Concept of Limit State Method of Analysis and Design
	3 Sources of Uncertainties Influencing Safety of Steel Structures
	3.1 Introduction
	3.2 Normal (or Gaussian Probability) Distribution Curve
	3.3 Standard Deviation


	Part – IV Limit State Design
	4 Method of Ultimate Limit State (ULS) and Serviceability Limit State (SLS) and Partial Safety Factors for Loads and Strength of Materials
	4.1. Introduction
	4.2 Brief History of Limit State Method
	4.3 Requirements for Limit State Design Method
	4.4 Conditions for Limit State Design
	4.5 Elements and Sub-Elements of Limit State Design
	4.6 Actions (Loads)
	4.7 Characteristic (Service) Load Actions), Wck
	4.8 Design (Factored) Loads, Wfd
	4.9 Partial Safety Factors for Loads, γfL
	4.10 Characteristic Strength of Materials (Steel), fck
	4.11 Partial Safety Factors for Strength of Materials, γms
	4.12 Effect of Loads/Load Effects (Internal Forces)
	4.13 Requirements of Limit State as Regards Safety of Structures
	4.14 Stability of Structures
	4.15 Classification of Cross-Sections
	4.16 Types of Elements
	4.17. Combinations of Loads
	4.18 Criteria for Failure/Collapse of Steel


	Part – V Design of Columns and Compression Members
	5 Limit State of Collapse in Compression Design of Axially Loaded Columns and Compression Members
	5.1 Introduction
	5.2 Basic Concept of Stability
	5.3 Structural Instability
	5.4 Assumptions for Determining Basic Column Strength
	5.5 Euler's Elastic Buckling Load for an Axially Loaded (Prismatic Member) Columns
	5.6. Stub Columns (Compression Test Specimen)
	5.7 Slender (Long) Columns and Compression Members
	5.8 Residual Stresses in Hot-Rolled Steel Sections
	5.9 Effective Length of Compression Member
	5.10 Effective Sectional Area (or Cross-Sectional Area)
	5.11 Radius of Gyration of Cross-Sectional Shape
	5.12 Slenderness Ratio of Compression Members
	5.13 Possible Modes of Failure for Axially Loaded Columns
	5.14. Flexural Buckling
	5.15. Torsional Buckling
	5.16 Combined Torsional Flexural Buckling
	5.17. Local Buckling in Columns
	5.18 Column Formulae for Axial Stress in Compression (a Historical Review)
	5.19 Merchant-Rankine Formula
	5.20 Rolled Steel Sections used as Compression Members
	5.21 Classification of Column Cross-Sections
	5.22 Strength/Resistance of Compression Members
	5.23 Comparison of Two Procedures (Determination of Strength of Compression Members)
	5.24 Angle Sections used as Compression Members
	5.25 Compressive Strength of Angle Sections
	5.26 Compress Strength of Built-Up Members
	5.27 Width Thickness Ratio of Elements in Compression Members
	5.28 Design of Axially Loaded Columns and Compression Members
	5.29 Design of Angle Struts
	5.30 Laced and Battened Columns
	5.31 Batten Plates
	5.32 Perforated Cover Plates

	6 Limit State of Collapse in Compression and Bending Combined Design of Eccentrically Loaded Columns
	6.1 Introduction
	6.2. Eccentricall Loaded Columns Axially Loaded Members with Moments
	6.3 Presence of Axial Compression Influences Plastic Moment Capacity
	6.4 Behaviour and Strength of Short Beam-Columns
	6.5 Behaviour and Strength of Long Columns
	6.6 Differential Equation for Axial Compression and Bending
	6.7 Beam-Column Subjected to Unequal End Moments Without Transverse Loading
	6.8 Beam Column Subjected to Transverse Uniform Loading
	6.9 Beam Column in Single Curvature Without End Translation (Moment Magnification)
	6.10 Beam Column-Ultimate Strength (Instability in the Plane of Bending)
	6.11 Interaction Equations (Ultimate Strength)
	6.12 Interaction Equations for Members Subjected to Axial Compression and Bending as Recommended by Code
	6.13 Overall Strength of Beam-Column
	6.14 Beam Column Ultimate Strength Considering Secondary Effects
	6.15 Influences of Different Factors on Failure Modes of Beam-Columns

	7 Limit State of Collapse in Compression Design of Steel Concrete Composite (Encased) Columns
	7.1 Introduction
	7.2 Types of Steel Concrete Composite Columns
	7.3 Structural Steel
	7.4 Cement Concrete
	7.5 Definitions of Some Terms Used
	7.6. Ultimate Load Carrying Capacity (Plastic Resistance) of Composite Columns
	7.7 Effective Elastic Flexural Stiffness
	7.8 Load Carrying Capacity/Resistance Steel Composite Columns Subjected to Axial Load
	7.9 Design Procedure for Steel Composite Axially Loaded Columns

	8 ULS/LSD Method of Design of Column Bases Slab and Gusseted Bases for Columns
	8.1 Introduction
	8.2 Design of Slab Bases for Columns
	8.3 Brief Procedure for Design of Slab Base for Axial Load Only (Pinned Connections)
	8.4 Design of Gusseted Base for a Column
	8.5 Column Bases Subjected to Moment Eccentrically Loaded Base Plates
	8.6 Use of Anchor Bolts to Resist Over-Turning Moment

	9 ULS/LSD Method of Design of Column Footings Design of Independent and Combined Column Footings
	9.1 Introduction
	9.2 Independent Column Footing
	9.3 Design of Independent Column Footings
	9.4 Design of Combined Column Footing
	9.5 Approximate Method of Design of Combined Footing


	Part – VI Design of Tension Members
	10 Limit State of Failure Due to Yield Intension/Rupture of Critical Section/Block Shear Design of Tension Members
	10.1 Introduction
	10.2 Type of Tension Members
	10.3 Behaviour of Tension Members
	10.4 Net Sectional Area for Staggered Holes
	10.5 Design Tensile Strength/Resistance Due to Yielding of Cross-Section
	10.6 Design Tensile Strength/Resistance Due to Rupture of Critical Section
	10.7 Threaded Rods and Bars
	10.8 Plates Under Tension (Net Sectional Area)
	10.9 Shear Lag (or Shear Flow)
	10.10 Design Tensile Strength/Resistance Due to Rupture of Critical Section (Net Effective Section for Angles and Tees in Tension)
	10.11 Design Tensile Strength/Resistance of an Angle Section Due to Block Shear
	10.12 Design Tensile Strength/Resistance Due to Block Shear
	10.13 Design of a Tension Member
	10.14 Splice (Joint) in Tension Members
	10.15 Lug Angles


	Part – VII Design of Beams
	11 Limit State of Collapse in Flexure Design of Laterally Supported (Restrained) Steel Beams [Bending/Flexural Strength] (SB-1)
	11.1 Introduction
	11.2 Classification of Steel Beam Sections (Types of Cross-Sections)
	11.3 Local Buckling Effects in Steel Beams
	11.4 Limits for Width-Thickness Ratios
	11.5 Bending (Flexural) Stress
	11.6 Design (Factored) Strength / Resistance of Laterally Supported Beams in Bending (Flexure)
	11.7 Moment Curvature Relationship
	11.8 A Plastic Hinge
	11.9 Length (Spread) of a Yielded Zone
	11.10 Behaviour of Beams in Elastic Range
	11.11 Laterally Supported Beam
	11.12 Effective Span of Laterally Supported Beams
	11.13 Design of Laterally Supported/Restrained Beams
	11.14 Computer Programme for Analysis and Design of Laterally Supported Beams
	11.15 Input and Output Statements for Computer Programmes

	12 Limit State of Collapse in Shear Design of Steel Beams SB-II (Shear Strength/Resistance of Beams)
	12.1 Introduction
	12.2 Shear Behaviour of Steel Beams in Elastic Stage
	12.3 Shear Behaviour of Steel Beams in Plastic Stage
	12.4 Effects of Holes in Tension Zone
	12.5 Effects of Shear Lag
	12.6 Design (Factored) Shear Resistance / Strength of Beams
	12.7 Resistance to Shear Buckling in Laterally Supported Beams
	12.8 Design Methods Considering Shear Buckling

	13 Limit State of Failure Due to Web Buckling and web Crippling, Design of Steel Beams - (SBIII)
	13.1 Introduction
	13.2 Web Buckling of Steel Beams
	13.3 Web Crippling of Steel Beams

	14 Limit State of Service Ability (Stiffness and Deflections) Design of Steel Beams (SB-III)
	14.1 Introduction
	14.2 Effects of Deflections
	14.3 Methods of Controlling Deflections
	14.4 Limitations of Vertical and Horizontal Deflections in Crane Structures

	15 Limit State of Collapse in (Flexur) Bending and Shear, Strength of Laterally Unsupported (Unrestrained) Design of Steel Beams (SB-IV)
	15.1 Introduction
	15.2 Rational Analogy Between Laterally Unsupported Beams and Columns
	15.3 Elastic Critical Stress for Symmetrical Sections
	15.4 Lateral Torsional Buckling of Beams with Compact Cross Sections
	15.5 Elastic Lateral Buckling of Symmetrical I-Shaped Beams Subjected to Pure Bending
	15.6 Lateral Buckling in Plastic Range
	15.7 Design Bending Strength of Laterally Unsupported Beams Controlled by Lateral Torsional Buckling
	15.8 Lateral-Torsional Buckling for Beams of Different Cross Sectional Shapes
	15.9 Effective Length of Compression Flange for Lateral Torsional Buckling
	15.10. Use of `M' Factors in Design
	15.11 Slenderness Correction
	15.12 Determination of Equivalent Slenderness Ratio, λLT
	15.13 Design Procedure for Laterally Unsupported Beams
	15.14 Computer Programme for Analysis and Design of Laterally Unsupported Beams

	16 Limit State of Collapse in Bending and Shear Design of Built-Up (Compound) Beams (SB-V)
	16.1 Introduction
	16.2. Design of Built-Up Beams
	16.3 Lintels
	16.4 Jack Arch
	16.5 Filler Joists
	16.6 Encased Beams

	17 Limit State for Collapse in Bending and Shear Design of Crane Gantry Girders
	17.1 Introduction


	Part – VIII Design of Plate Girders
	18 Limit State of Collapse in Bending Design of Plate Girders (P.G.-I)
	18.1 Introduction
	18.2 Elements of a Plate Girder
	18.3 Area of Flanges of a Plate Girder
	18.4 Depth of a Plate Girder
	18.5 Economical Depth of a Plate Girder for Working Stress Method
	18.6 Self-Weight of a Plate Girder (Working-Stress Method)
	18.7 Impact (Coefficient of Dynamic Augmentation : CDA)
	18.8 Assumptions for Design of Plate Girder
	18.9 Allowable Bending Stress (for Working Stress Method)
	18.10 Design of Web Plate (Preliminary Design for a Trial Section)
	18.11 Design of Flanges (Preliminary Design Procedure for a Trial Section)
	18.12 Curtailments of Flange Plates : (Length of Flange Plates)
	18.13 Connection of Flange Angles to Web (Working Stress Method/Riveted Plate Girder)
	18.14 Connection of Flange Plates to Flange Angles
	18.15. Design of A Plate Girder Section

	19 Limit State of Collapse in Shear Design of Plate Girders (P.G.-II)
	19.1 Introduction
	19.2 Web Plate Subjected to Pure Shear
	19.3 Requirements for Minimum Thickness of Web
	19.4 Shear Capacity of Web Plates (Working Stress Method)
	19.5 Diagonal Buckling of a Web Plate
	19.6 Design Methods for Determination of Shear Buckling Resistance
	19.7 Behaviour of Web Plate Subjected to Pure Shear
	19.8 Tension Field Action Method for Determination of Resistance/Strength of Web in Shear Buckling
	19.9 Design of End Panels
	19.10 Modified Web Buckling Stress
	19.11 Webs Subjected to Pure Bending
	19.12 Structural Behaviour of Flanges and Webs (of a Plate Girder)
	19.13 Load and Bearing Stiffers
	19.14 Design of Load Carrying Stiffeners and Bearing Stiffners
	19.15 Intermediate Stiffeners
	19.16 Vertical (Transverse) Stiffeners
	19.17 Design of Intermediate Vertical (Transverse) Web Stiffeners
	19.18 Connection of Intermediate Stiffeners to Web
	19.19 Horizontal (Longitudinal) Stiffeners
	19.20. Important Parameters Necessary for Design of Stiffeners
	19.21 Buckling Resistance of Stiffeners
	19.22 Connections of Load Carrying Stiffeners and Bearing Stiffeners to Web
	19.23 Behaviour of Transeverse Stiffeners at Ultimate Load
	19.24 Web Plates Subjected to Combined Bending and Shear

	20 Web Splice and Splice in Flange Elements of Riveted Plate Girders (PG-III)
	20.1 Introduction
	20.2 Web Splice (Rational Splice)
	20.3 Web Splice (Moment Splice)
	20.4 Web Splice (Shear Splice)
	20.5 Flange Splices
	20.6 Splice of Flange Angles
	20.7 Splice of Flange Plates

	21 Welded Joints Subjected to Axial Load
	21.1 Introduction
	21.2 Advantages of Welding
	21.3 Disadvantages of Welding
	21.4 Types of Welded Joints
	21.5 Butt Weld
	21.6 Fillet Weld
	21.7 Slot Weld and Plug Weld
	21.8 Imperfections (Defects) in Weld
	21.9 Stress in Welds Due to Individual Forces
	21.10 Combined Stresses in Welds
	21.11 Combined Stresses in Welds
	21.12 Design of Welded Joints Subjected to Axial Load
	21.13 Design of Welded Joints (Unsymmetrical Sections Subjected to Axial Load)

	22 Welded Joints Subjected to Eccentric Load 
	22.1 Introduction

	23 Design of Welded Plate Girders (WPG)
	23.1 Introduction
	23.2 Design of Web Plate
	23.3 Design of Flange Plates
	23.4 Design of Connection of Flange Plate and Web
	23.5 Design of Bearing Stiffener
	23.6 Intermediate Stiffeners

	24 Design of Welded Beam Connections
	24.1 Introduction
	24.2. Direct Welded Connections
	24.3 Welded Framed Connections
	24.4 Welded Seat Connections
	24.5 Moment Resistant Welded Connections

	25 Design of Roof Trusses
	25.1 Introduction
	25.2 Types of Roof Trusses
	25.3 Various Terms used in Roof Trusses
	25.4 Economical Spacing of Roof Trusses
	25.5 Roof Covering Materials
	25.6 Loads on Roof Trusses
	25.7 Design Wind Speed
	25.8 Design Wind Pressures
	25.9 Wind Forces (Loads) on Buildings/Structures
	25.10 Wind Load on Individual Members
	25.11 External Pressure Coefficients
	25.12 Internal Pressure Coefficients
	25.13 External Pressure Coefficients for Some other Roofs
	25.14 Combination of Loads on Roof Trusses
	25.15 Bracing of Roof Trusses
	25.16 Assumptions in Analysis of Roof Trusses
	25.17 Design of Roof Trusses
	25.18 Design of Members of a Roof Truss
	25.19 Typical Details of Roof Trusses
	25.20 Design of Channel and I-Section Purlins
	25.21 Empirical Design of Angle Purlins
	25.22 BI-Axial Bending in Purlins

	26 Design of Round Tubular Trusses and Connections
	26.1 Introduction
	26.2 Round Tubular Sections
	26.3 Tube Columns and Compression Members
	26.4 Crinkling of Tubular Sections
	26.5 Tube Tension Members
	26.6 Tubular Roof Trusses
	26.7 Joints in Tubular Trusses
	26.8 Design of Tubular Beams
	26.9 Design of Tubular Purlins


	Appendix-A Shear Centre for a Thin-Walled Beam Cross-Sections
	Appendix-B Unsymmetrical Bending of Beams
	Appendix-C Bolts and Design of Bolted-Connections
	Appendix-D Pins and Design of Pinned-Connections
	Index



