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Preface

There are numerous books available discussing the analysis and design of steel structures.
These texts consider isolated parts of a structure, with the emphasis primarily on theory
and little focus on practical design and the considerations and challenges that engineers
face in the design office and on the construction site.

This book takes a holistic approach presenting a comprehensive description and expla-
nation of the analysis and design process for any structure and its component structural
elements, from the initial design concept through to final construction.

The text has been written with the structural calculations presented in a simple and
lucid way. Taking a step-by-step approach, the book discusses design philosophy, func-
tional aspects of structure, selection of construction material and accompanying methods
of construction, with reference to the relevant clauses of codes of practice. Included are
design sketches, tables and references.

For illustrative purposes, a specific structure (accompanied by detailed worked exam-
ples) has been selected and is outlined below:

A multibay melting shop and finish mill building—The multibay melting shop and fin-
ish mill building is a complex structure that houses several heavy duty overhead electric
travelling cranes. These have high vertical dynamic impact (40%) and 10% horizontal
transverse crane surge on the crane girders, subsequently transferring impact on the sup-
porting members. The structural members have been analysed and designed to resist the
above dynamic impact forces.

This book describes the practical aspects of analysis and design based on the latest steel
structure design codes of practice Eurocode 3: Part 1-1 and Part 1-8: Design of steel struc-
tures for buildings and Design of joints. Included is the comparative analysis of results for
model design of a beam and column applying Euorocode 3 and BS 5950. 2000. The fol-
lowing relevant Eurocodes applicable to the analysis have also been included: Eurocode
0: Basis of structural design (BS EN 1990:2002) and Eurocode 1: Densities, self weights,
imposed loads, snow loads, wind loads, and cranes and machinery.

This book will be invaluable as a practical design guide and reference text book for
final year university students, newly qualified university graduates, practising engineers,
consulting engineers working in the design office and at the construction site, and for those
appearing for professional examinations.

Author’s Note
To facilitate ease of calculation and compliance with the code, equation numbers
provided in the text are those used in the code.

Xi



Contents

Preface

1. General Principles and Practices
1.1 Brief description of the structure

1.1.1  Structural arrangement

1.1.2  Overhead electric travelling cranes
1.1.3  Gantry girders

1.1.4 Fabrication of structural members

1.2 Design philosophy and practice

1.2.1 Functional aspects of the building

1.2.2  Alternative structural arrangements and spacings of frames

1.2.3  Structural system and type

1.2.4 Buildability

1.2.5 Choice of open or covered structure

1.2.6 Selection of construction materials

1.2.7 Choice of shop or site connection of steel structures in
fabrication and erection

1.2.8 Sequence and method of erection of steel structures

1.2.9 Location, ground conditions and seismic information

1.2.10 Environmental impact

1.2.11 Design concept

References

2. Structural Analysis and Design

2.1
22

24

Structural analysis

Methods and procedures for analysis and design

2.2.1 Methods of analysis

2.2.2 Procedures for the analysis

2.2.3 Procedures for the design of structural members

Design data

2.3.1 Loads

Properties and specification of materials

2.4.1 Properties and strength of structural steel and fasteners

2.4.2 Partial factors ¥, of resistance in the ultimate-limit-state
concept

2.4.3 Ultimate limit state

B

O O 0 000NN\ — = = —

11
13
13
13

14
14
14
14
15
15
15
16
31
31

33
33



vi | Contents

2.5

2.6
2:7

2.4.4 Serviceability limit state

2.4.5 Load combinations

Specifications for selecting the structural components

2.5.1 Length of span

2.5.2 Roof trusses

Conventions for member axes

Model design of beam and column using Eurocode 3 and BS 5950,
and comparison of the results

2.7.1 Model design of a beam

2.7.2 Model design of a column

References

3. Design of Gantry Girders (Members Subjected to Biaxial Bending)

3.1
3.2

33

34

3.5

Design philosophy

Detailed considerations

3.2.1 Effective span of girder

3.2.2 Gantry girder loading design data

3.2.3 Vertical dynamic impact factor

3.2.4 Transverse horizontal surge

3.2.5 Longitudinal tractive force

3.2.6  Moment influence lines

3.2.7 Shear influence lines

3.2.8 Characteristic maximum dynamic vertical moment

3.2.9 Characteristic maximum dynamic vertical shear at support

3.2.10 Characteristic minimum vertical shear

3.2.11 Characteristic vertical design moment due to self-weight
of gantry girder

3.2.12 Characteristic vertical dead load shear

3.2.13 Total ultimate vertical design moment (ULS method)

3.2.14 Total ultimate vertical design shear (ULS method)

3.2.15 Maximum ultimate horizontal transverse moment

3.2.16 Maximum ultimate horizontal longitudinal tractive force

Design of section

3.3.1 Design strength

3.3.2 Initial sizing of section

3.3.3 Classification of cross-sections

3.3.4 Moment capacity

3.3.5 Moment buckling resistance

3.3.6 Shear buckling resistance

3.3.7 End anchorage

3.3.8 Web bearing capacity, buckling resistance and stiffener design

3.3.9 Bearing capacity of web

Intermediate transverse stiffeners

3.4.1 Principles of the behaviour of intermediate stiffeners

3.4.2 Design considerations

3.4.3 Design of intermediate stiffeners

Design of end bearings of gantry girder

References

33
34
34
34
34
35

35
35
41
48

50
50
51
51
51
51
52
52
52
53
54
54
54

54
55
55
56
56
56
56
56
56
57
58
61
61
61
63
65
69
69
70
71
75
75



Contents | vii

Design of Welded and Bolted Connections 76
4.1 General 76
4.1.1 Joints in simple design 76
4.1.2 Joints in continuous design 76
4.1.3 Method of connection 76
4.2 Welded connections 76
4.2.1 Design of fillet welds 77
4.3 Design of bolted connections 83
4.3.1 Design assumptions 83
4.3.2 General requirements 83
4.3.3 Joints loaded in shear subject to impact, vibration
and/or load reversal 84
4.3.4 Connections made with bolts 84
4.3.5 Preloaded bolts (HSFG) 84
4.3.6 Categories of bolted connections 84
4.3.7 Positioning of holes for bolts and rivets 85
4.3.8 Properties of slip-resistant connections using class 8.8 or 10.9
HSFG bolts and splice plates 86
4.3.9 Design resistance of individual fasteners (HSFG bolts in
preloaded condition) 87
4.3.10 Design of bolts and splice plates in flanges and web of gantry girder 89
4.3.11 Design of bolts and splice plates in joint in column of stanchion A 93
4.3.12 Design of bolt connection in the flange 95
4.3.13 Design of bolt connection in the web 95
4.3.14 Design of splice plates in flanges 95
4.3.15 Design of splice plates for web 96
References 96

Design of Purlins, Side Rails, Roof Trusses, Roof Girders,

Intermediate Columns and Horizontal Roof Bracings 97
5.1 Purlins in melting bay (members subjected to bending) 97
5.1.1 Method of design 97
5.1.2 Design data 98
5.1.3 Loadings 98
5.1.4 Moments 99
5.1.5 Design of section 100
5.2 Side sheeting rails (members subjected to biaxial bending) 106
5.2.1 Method of design 106
5.2.2 Design considerations 106
5.2.3 Design data 106
5.2.4 Loadings 106
5.2.5 Characteristic moments 106
5.2.6 Ultimate design moments 106
5.2.7 Ultimate shear at support 107
5.2.8 Design of section 107
5.3 Design of roof trusses (members subjected to compression and tension) 110
5.3.1 Design considerations 110

5.3.2 Design data 110



viii

6.

Contents

5.3.3 Loadings, based on Eurocode 1, Part 1-1

5.3.4 Forces in members

5.3.5 Load combinations for ultimate design force in the members

by ULS method

5.3.6 Design of section of members, based on Eurocode 3, Part 1-1
5.4 Roof girders in melting bay (members subjected to

compression and tension)

5.4.1 Design considerations

5.4.2 Functions

5.4.3 Design data

5.4.4 Loadings, based on Eurocode 1, Part 1-1

5.4.5 Forces in members due to unfactored dead loads

5.4.6 Forces due to unfactored imposed loads

5.4.7 Ultimate forces in members due to (DL + LL) without wind

5.4.8 Design of section of members, based on Eurocode 3, Part 1-1
5.5 Design of intermediate columns (members subjected to

bending and thrust)

5.5.1 Design considerations

5.5.2 Functions

5.5.3 Loadings

5.5.4 Moments

5.5.5 Design of section, based on Eurocode 3, Part 1-1
5.6 Design of horizontal wind bracing system for roof

(members subjected to compression and tension)

5.6.1 Design considerations

5.6.2 Functions

5.6.3 Liadings (wind loads)

5.6.4 F. ces in members of braced girder

5.6.5 Design of section of members
References

Case Study I: Analysis and Design of Structure of Melting Shop and
Finishing Mill Building
6.1 Design considerations
6.2 Loadings
6.2.1 Wind loads, based on Eurocode 1, Part 1-4 (Eurocode, 2005a)
6.2.2 Moment due to wind
6.3 Design of stanchions in melting bay along line A
6.3.1 Loadings on crane column
6.3.2 Loadings on roof column
6.3.3 Moments in stanchion A
6.3.4 Design of sections of stanchions, based on Eurocode 3, Part 1-1
(Eurocode, 2005b) (see Fig. 6.4)
6.3.5 Design of holding-down (anchor) bolts
6.3.6 Design of thickness and size of base plate (see Fig. 6.4)
6.4 Design of stanchions along line B
6.4.1 Design considerations
6.4.2 Loadings

110
111

114
115

121
121
122
123
124
125
126
126
127

130
130
130
130
131
131

135
135
135
135
135
137
139

140
140
140
140
142
145
145
145
147

147
153
156
158
158
158



Contents | ix

6.4.3 Moments, unfactored 160
6.4.4 Thrust or tension due to unfactored moment from wind and
crane surge 160
6.4.5 Ultimate design compression in crane and lower roof legs when
DL + LL + WL and crane surge are acting simultaneously 160
6.4.6 Design of section of columns in stanchion 161
References 164

Case study II: Design of Gable End Framing System Along Row 10,

Based on Eurocode 3 165
7.1 Design considerations (see Figs 1.1 and 7.1) 165
7.2 Functions 165
7.3 Design of gable columns 165
7.3.1 Design data 165
7.3.2 Loadings 165
7.3.3 Moments 167
7.3.4 Design of section, based on Eurocode 3, Part 1-1
(Eurocode, 2005) 169
7.4 Design of horizontal wind girder at 22.36 m level 173
7.4.1 Design considerations (see Fig. 7.1) 173
7.4.2 Loadings 173
7.4.3 Forces in lattice members of girder 173
7.4.4 Design of sections 174
7.5 Design of horizontal wind girder at 33.0 m level 176
7.5.1 Design considerations 176
7.5.2 Loadings 176
7.5.3 Calculation of forces in members of lattice girder 177
7.5.4 Design of section of members 178
References 178

Case Study III: Design of Vertical Bracing Systems for Wind Forces and

Crane Tractive Forces Along Stanchion Lines A and B, Based on Eurocode 3 179
8.1 Vertical bracing systems along stanchion line A 179
8.1.1 Design considerations (see Fig. 1.5) 179
8.1.2  Functions 179

8.2 Design of bracing system between crane column rows 9 and 10 along
stanchion line A to resist the longitudinal tractive force due to crane

loads and wind loads from the gable end (see Fig. 8.1) 179
8.2.1 Loadings 180
8.2.2  Forces in the members of the bracing system along crane column 182
8.2.3 Design of section of members, based on Eurocode 3, Part 1-1

(Eurocode, 2002) 183

8.3 Design of vertical bracing system between roof column rows 9 and 10
along stanchion line A to resist wind loads from gable end (see Fig. 8.1(a)) 183

8.3.1 Design considerations 183
8.3.2 Loadings 184
8.3.3 Forces in members 184

8.3.4 Design of section of members 185



x | Contents

8.4 Design of vertical bracing system for wind forces and crane tractive
forces in column along stanchion line B
8.4.1 Design considerations
8.4.2 Wind loadings (see Fig. 7.1)
8.4.3 Analysis of frame
8.4.4 Design of section of members
References

Appendix A: Design of Bearings of Gantry Girder
Appendix B: Annex A of Eurocode 3, Part 1-1, BS EN 1993-1-1: 2005
Further Reading

Index

186
186
186
188
190
194

195
201
207
209



CHAPTER 1
General Principles and Practices

This book considers theory and its application in the context of the analysis and design of
structures, addressing in particular the behaviour of the structural elements of a multibay
steel-framed industrial building under the actions of heavy moving loads due to electric
overhead travelling (EOT) cranes and wind forces. The analysis and design of the struc-
tural members are done in compliance with the Eurocodes, with case studies included.

Before discussing analysis and design, we must first plan the structural arrangement in
relation to the requirements of the layout of machines and equipment. We must then con-
sider the selection of construction materials, taking account of availability and cost within
the scheduled construction programme and budget. We must also examine the buildability
of the structure with regard to space restrictions, the method of construction, the location,
ground conditions and seismic information about the site.

The above points will be discussed in detail in Section 1.2.

1.1 Brief description of the structure

1.1.1 Structural arrangement

The building complex comprises a multibay melting shop and finishing mill building. The
melting shop consists of a melting bay, a hopper storage bay, an intermediate bay and a
casting bay. The finishing shop consists of a rolling shop bay, a finishing mill bay and
a motor and power room bay. The finishing shop is located adjacent to the melting shop,
as shown in plan in Figs 1.1 and 1.2. The two buildings are separated by an expansion
joint. The spacings of the stanchions in the melting bay, storage hopper bay, intermedi-
ate bay and casting bay are 28.5, 12, 27 and 30 m, respectively. In the finishing shop, all
columns are spaced at 30 m centres. In the melting shop, the height of the building to the
eaves level is 35.5 m except for the hopper bay, where the eaves level from the floor level
is 45.5 m. In the finishing shop, the height of the building to the eaves level is 22.5 m from
the ground floor. Both buildings house overhead electric cranes, as shown in section in
Figs 1.3 and 1.4.

1.1.2 Overhead electric travelling cranes

Overhead electric cranes, of capacities ranging from 290 t (2900 kN) to 80 t (800 kN), run
through the melting, intermediate and casting bays. The finishing shop carries cranes of
capacities ranging from 80 t (800 kN) to 40 tons (400 kN). The storage hopper bay con-
sists of hoppers storing heavy briquette iron, coke and limestone to supply to the melting
furnace during operation (see Figs 1.3 and 1.4).
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6 | Practical Design of Steel Structures

1.1.3 Gantry girders

The top level of the gantry crane girders in the finishing shop is 14 m from the operating-
floor level, and in the melting shop the top of the gantry crane girders is 25 m from ground
level in the melting and intermediate bays and 24 m from ground level in the casting bay.

1.1.4 Fabrication of structural members

The crane girders in the melting and intermediate bays are of built-up welded-plate girder
construction, and in the rest of the bays normal universal beams are used. The stanchions
and roofs are of fabricated trussed-type construction and shop fabricated. Horizontal and
vertical bracing systems are provided along the horizontal and vertical planes of the roof
trusses and stanchions to resist wind and crane surges, respectively (see Fig. 1.5).

1.2 Design philosophy and practice

Before we proceed with the actual analysis and design of the structure, we need to consider
the following aspects in order to reach a satisfactory solution to the problem:
¢ the functional aspects of the structure;

e alternative structural arrangements and choices of spacing of the columns and
frames or trusses;

e the structural system and type;

e the buildability of the structure;

e the choice of an open or covered structure;

e the selection of the construction materials;

¢ the choice of shop or site connection of the component steel structures;
e the sequence and method of erection of the steel structures;

e the location, ground conditions and seismic information;

e the environmental impact of the structure;

e the design concept.

The above aspects must satisfy the requirements of Eurocode 3 and other relevant
Eurocodes.

1.2.1 Functional aspects of the building

This building plays a vital role in the production of finished steel products. The melting and
finishing shop, built adjacent to each other, form an important heavy industrial building
complex with heavy cranes running throughout the building when it is operational. Within
the building, a conveyor system supplies materials such as heavy briquette iron, coke and
limestone. These materials are stored temporarily in bins hanging in the storage hopper
bay. During operation, these raw materials are fed into the furnace through a conveyor
system. The molten metal is then transferred to the casting bay by cranes. From here the
product is transported to the finishing bay to be used in the production of continuous plate,
which is rolled in the roller bay. The final product is transferred to the storage building.
The whole operation is automatically controlled from a control room adjacent to the fin-
ishing bay. Power is supplied from a generator situated in the motor and power house bay.
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