
CSA S16:24
National Standard of Canada

Design and construction of steel structures

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


Legal Notice for Standards

Canadian Standards Association (operating as “CSA Group”) develops standards through a consensus standards development process approved 
by the Standards Council of Canada. This process brings together volunteers representing varied viewpoints and interests to achieve consensus 
and develop a standard. Although CSA Group administers the process and establishes rules to promote fairness in achieving consensus, it does 
not independently test, evaluate, or verify the content of standards.

Disclaimer and exclusion of liability
This document is provided without any representations, warranties, or conditions of any kind, express or implied, including, without limitation, 
implied warranties or conditions concerning this document’s fitness for a particular purpose or use, its merchantability, or its non-infringement 
of any third party’s intellectual property rights. CSA Group does not warrant the accuracy, completeness, or currency of any of the information 
published in this document. CSA Group makes no representations or warranties regarding this document’s compliance with any applicable 
statute, rule, or regulation.

IN NO EVENT SHALL CSA GROUP, ITS VOLUNTEERS, MEMBERS, SUBSIDIARIES, OR AFFILIATED COMPANIES, OR THEIR EMPLOYEES, DIRECTORS, 
OR OFFICERS, BE LIABLE FOR ANY DIRECT, INDIRECT, OR INCIDENTAL DAMAGES, INJURY, LOSS, COSTS, OR EXPENSES, HOWSOEVER CAUSED, 
INCLUDING BUT NOT LIMITED TO SPECIAL OR CONSEQUENTIAL DAMAGES, LOST REVENUE, BUSINESS INTERRUPTION, LOST OR DAMAGED 
DATA, OR ANY OTHER COMMERCIAL OR ECONOMIC LOSS, WHETHER BASED IN CONTRACT, TORT (INCLUDING NEGLIGENCE), OR ANY OTHER 
THEORY OF LIABILITY, ARISING OUT OF OR RESULTING FROM ACCESS TO OR POSSESSION OR USE OF THIS DOCUMENT, EVEN IF CSA GROUP 
HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, INJURY, LOSS, COSTS, OR EXPENSES.

In publishing and making this document available, CSA Group is not undertaking to render professional or other services for or on behalf of any 
person or entity or to perform any duty owed by any person or entity to another person or entity. The information in this document is directed 
to those who have the appropriate degree of experience to use and apply its contents, and CSA Group accepts no responsibility whatsoever 
arising in any way from any and all use of or reliance on the information contained in this document.

CSA Group is a private not-for-profit company that publishes voluntary standards and related documents. CSA Group has no power, nor does it 
undertake, to enforce compliance with the contents of the standards or other documents it publishes.

Intellectual property rights and ownership
As between CSA Group and the users of this document (whether it be in printed or electronic form), CSA Group is the owner, or the authorized 
licensee, of all works contained herein that are protected by copyright, all trade-marks (except as otherwise noted to the contrary), and all 
inventions and trade secrets that may be contained in this document, whether or not such inventions and trade secrets are protected by 
patents and applications for patents. Without limitation, the unauthorized use, modification, copying, or disclosure of this document may 
violate laws that protect CSA Group’s and/or others’ intellectual property and may give rise to a right in CSA Group and/or others to seek legal 
redress for such use, modification, copying, or disclosure. To the extent permitted by licence or by law, CSA Group reserves all intellectual 
property rights in this document. 

Patent rights
Attention is drawn to the possibility that some of the elements of this standard may be the subject of patent rights. CSA Group shall not be 
held responsible for identifying any or all such patent rights. Users of this standard are expressly advised that determination of the validity of 
any such patent rights is entirely their own responsibility. 

Authorized use of this document
This document is being provided by CSA Group for informational and non-commercial use only. The user of this document is authorized to do 
only the following: 

If this document is in electronic form:
• load this document onto a computer for the sole purpose of reviewing it;
• search and browse this document; and
• print this document if it is in PDF format.

Limited copies of this document in print or paper form may be distributed only to persons who are authorized by CSA Group to have such 
copies, and only if this Legal Notice appears on each such copy.

In addition, users may not and may not permit others to
• alter this document in any way or remove this Legal Notice from the attached standard;
• sell this document without authorization from CSA Group; or
• make an electronic copy of this document.

If you do not agree with any of the terms and conditions contained in this Legal Notice, you may not load or use this document or make any 
copies of the contents hereof, and if you do make such copies, you are required to destroy them immediately. Use of this document 
constitutes your acceptance of the terms and conditions of this Legal Notice.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


Standards Update Service

CSA S16:24
April 2024

Title: Design and construction of steel structures

To register for e-mail notification about any updates to this publication
• go to www.csagroup.org/store/
• click on CSA Update Service

The List ID that you will need to register for updates to this publication is 2430964.

If you require assistance, please e-mail techsupport@csagroup.org or call 416-747-2233.

Visit CSA Group’s policy on privacy at www.csagroup.org/legal to find out how we protect your personal 
information.

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.csagroup.org/store/
mailto:techsupport@csagroup.org
https://www.csagroup.org/legal
https://www.stdhive.com/standards/csa-s1624-pdf/


Canadian Standards Association (operating as “CSA Group”), under 
whose auspices this National Standard has been produced, was 
chartered in 1919 and accredited by the Standards Council of 
Canada to the National Standards system in 1973. It is a not-for- 
profit, nonstatutory, voluntary membership association engaged in 
standards development and certification activities.

CSA Group standards reflect a national consensus of producers and 
users — including manufacturers, consumers, retailers, unions and 
professional organizations, and governmental agencies. The 
standards are used widely by industry and commerce and often 
adopted by municipal, provincial, and federal governments in their 
regulations, particularly in the fields of health, safety, building and 
construction, and the environment.

More than 10 000 members indicate their support for CSA Group’s 
standards development by volunteering their time and skills to 
Committee work.

CSA Group offers certification and testing services in support of and 
as an extension to its standards development activities. To ensure 
the integrity of its certification process, CSA Group regularly and 
continually audits and inspects products that bear the CSA Group 
Mark.

In addition to its head office and laboratory complex in Toronto, CSA 
Group has regional branch offices in major centres across Canada 
and inspection and testing agencies in fourteen countries. Since 
1919, CSA Group has developed the necessary expertise to meet its 
corporate mission: CSA Group is an independent service 
organization whose mission is to provide an open and effective 
forum for activities facilitating the exchange of goods and services 
through the use of standards, certification and related services to 
meet national and international needs.

For further information on CSA Group services, write to 
CSA Group 
178 Rexdale Boulevard 
Toronto, Ontario, M9W 1R3 
Canada

A National Standard of Canada is a standard developed by a 
Standards Council of Canada (SCC) accredited Standards 
Development Organization, in compliance with requirements and 
guidance set out by SCC. More information on National Standards of 
Canada can be found at www.scc.ca.

SCC is a Crown corporation within the portfolio of Innovation, 
Science and Economic Development (ISED) Canada. With the goal of 
enhancing Canada's economic competitiveness and social wellbeing, 
SCC leads and facilitates the development and use of national and 
international standards. SCC also coordinates Canadian participation 
in standards development, and identifies strategies to advance 
Canadian standardization efforts.

Accreditation services are provided by SCC to various customers, 
including product certifiers, testing laboratories, and standards 
development organizations. A list of SCC programs and accredited 
bodies is publicly available at www.scc.ca.

Standards Council of Canada 
600-55 Metcalfe Street 
Ottawa, Ontario, K1P 6L5 
Canada

Cette Norme Nationale du Canada n’est disponible qu’en anglais.

Although the intended primary application of this Standard is stated in its Scope, it is important to note that it remains the responsibility of 
the users to judge its suitability for their particular purpose.

®A trademark of the Canadian Standards Association, operating as “CSA Group”

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.scc.ca
https://www.scc.ca
https://www.stdhive.com/standards/csa-s1624-pdf/


National Standard of Canada

CSA S16:24
Design and construction of steel 

structures

®A trademark of the Canadian Standards Association,
operating as “CSA Group”

Published in April 2024 by CSA Group
A not-for-profit private sector organization

178 Rexdale Boulevard, Toronto, Ontario, Canada M9W 1R3

To purchase standards and related publications, visit our Online Store at 
www.csagroup.org/store/ or call toll-free 1-800-463-6727 or 416-747-4044. 

ICS 91.080.10
ISBN 978-1-4883-4949-2

© 2024 Canadian Standards Association
All rights reserved. No part of this publication may be reproduced in any form whatsoever 
without the prior permission of the publisher.Curre

ntly
 in

 p
re

vie
w, c

lic
k b

uy f
ull v

er
sio

n

https://www.csagroup.org/store/
https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 1

Contents
Technical Committee on Design and Construction of Steel Structures 14

Preface 19

SDG Foreword 23

1 Scope and application 24
1.1 General 24
1.2 Requirements 24
1.3 Application 24
1.4 Other standards 24
1.5 Terminology 25

2 Reference publications 25

3 Definitions and symbols 31
3.1 Definitions 31
3.2 Symbols 34
3.3 Units 44

4 Structural documents 45
4.1 General 45
4.2 Structural design documents 45
4.3 Fabrication and erection documents 46
4.3.1 Connection design details 46
4.3.2 Shop details 46
4.3.3 Erection diagrams 46
4.3.4 Erection procedures 46
4.3.5 Fieldwork details 46

5 Material — Standards and identification 47
5.1 Standards 47
5.1.1 General 47
5.1.2 Strength levels 47
5.1.3 Structural steel 47
5.1.4 Sheet steel 47
5.1.5 Cast steel 47
5.1.6 Forged steel 47
5.1.7 Bolts and bolt assemblies 47
5.1.8 Welding electrodes 47
5.1.9 Studs 48
5.1.10 Anchor rods 48
5.2 Identification 48
5.2.1 Methods 48
5.2.2 Unidentified structural steel 48
5.2.3 Tests to establish identification 48
5.2.4 Affidavit 48

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 2

6 Design requirements 48
6.1 General 48
6.1.1 Limit states 48
6.1.2 Structural integrity 49
6.2 Loads 49
6.2.1 Specified loads 49
6.2.2 Importance factors based on use and occupancy 49
6.3 Requirements under service loads 49
6.3.1 Deflection 49
6.3.2 Camber 49
6.3.3 Dynamic effects 50
6.3.4 Resistance to fatigue 50
6.4 Requirements under factored loads 50
6.4.1 Strength 50
6.4.2 Overturning 51
6.5 Expansion and contraction 51
6.6 Corrosion protection 51
6.7 Requirements under fire conditions 51
6.8 Brittle fracture 52
6.9 Requirements under impulse loading 52

7 Factored loads and safety criteria 52
7.1 Safety during erection and construction 52
7.2 Safety criteria and effect of factored loads for the ultimate limit states 52

8 Analysis of structure 53
8.1 General 53
8.2 Types of construction 53
8.2.1 General 53
8.2.2 Rigidly connected and continuous construction 53
8.2.3 Simple construction 53
8.2.4 Semi-rigid (partially restrained) construction 53
8.3 Analysis methods 54
8.3.1 Elastic analysis 54
8.3.2 Inelastic analysis 54
8.3.3 Plastic analysis 55
8.4 Design for structure stability 55
8.4.1 Stability requirements 55
8.4.2 Methods of analysis and design for stability 55
8.4.3 Simplified stability analysis method 56

9 Bracing of members 57
9.1 Initial misalignment at brace point 57
9.2 Displacement of bracing systems 57
9.3 Function of bracing 57
9.4 Twisting and lateral displacements 57
9.5 Simplified analysis 57
9.6 Detailed analysis 58
9.6.1 Second-order method 58
9.6.2 Direct method 58

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 3

9.7 Slabs or decks 58
9.8 Accumulation of forces 58
9.9 Torsion 59

10 Design lengths and slenderness ratios 59
10.1 Simple span flexural members 59
10.2 Continuous span flexural members 59
10.3 Members in compression 59
10.3.1 General 59
10.3.2 Failure mode involving bending in-plane 60
10.3.3 Failure mode involving buckling 60
10.4 Slenderness ratios 60
10.4.1 General 60
10.4.2 Maximum slenderness ratio 60

11 Width (or diameter)-to-thickness — Elements in compression 60
11.1 Classification of sections 60
11.2 Maximum width (or diameter)-to-thickness ratios of elements subject to compression 61
11.3 Width and thickness 61

12 Gross and net areas 62
12.1 Application 62
12.2 Gross area 62
12.3 Net area 62
12.3.1 General 62
12.3.2 Allowance for bolt holes 62
12.3.3 Effective net area — Shear lag 62
12.3.4 Angles and channels 64
12.3.5 Plug or slot welds 64
12.4 Pin-connected members in tension 64
12.4.1 Effective net areas 64
12.4.2 Detail requirements 64

13 Member and connection resistance 65
13.1 Resistance factors 65
13.2 Axial tension 65
13.3 Axial compression 65
13.3.1 Flexural, torsional, or flexural-torsional buckling 65
13.3.2 Single-angle members in compression 67
13.3.3 Segmented members in compression 68
13.3.4 Members in compression subjected to elastic local buckling 68
13.4 Shear 68
13.4.1 Webs of flexural members with two flanges 68
13.4.2 Plastic analysis 70
13.4.3 Webs of flexural members not having two flanges 70
13.4.4 Pins 70
13.4.5 Connections transferring shear 70
13.5 Bending — Laterally supported members 71
13.6 Bending — Laterally unsupported members 72
13.6.1 General construction 72

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 4

13.6.2 Gerber construction 77
13.7 Lateral bracing for members in structures analyzed plastically 77
13.8 Axial compression and bending 77
13.8.1 General 77
13.8.2 Member strength and stability — Class 1 and Class 2 sections of I-shaped members 78
13.8.3 Member strength and stability — Class 1 and Class 2 sections of square and circular hollow 

structural section members 79
13.8.4 Member strength and stability — All classes of sections except members within the scope of 

Clause 13.8.2 or 13.8.3 79
13.8.5 Value of U1 80
13.8.6 Values of ω1 80
13.9 Axial tension and bending 80
13.9.1 Axial tension and bending — Class 1 and Class 2 sections of I-shaped members 80
13.9.2 Axial tension and bending — General members 81
13.9.3 Axial tension and bending — Laterally unsupported members 81
13.10 Load bearing 81
13.11 Block shear 81
13.12 Bolts and local connection resistance 82
13.12.1 Bolts in bearing-type connections 82
13.12.2 Bolts in slip-critical connections 83
13.13 Welds 84
13.13.1 General 84
13.13.2 Shear 84
13.13.3 Tension normal to axis of weld 85
13.13.4 Compression normal to axis of weld 86
13.13.5 Welds for hollow structural sections 86
13.14 Welds and high-strength bolts in combination 86

14 Beams and girders 87
14.1 Proportioning 87
14.2 Flanges 87
14.3 Webs 88
14.3.1 Maximum slenderness 88
14.3.2 Web yielding and crippling 89
14.3.3 Openings 89
14.3.4 Effect of thin webs on moment resistance 90
14.4 Bearing stiffeners 90
14.5 Intermediate transverse stiffeners 90
14.6 Combined shear and moment 92
14.7 Rotational restraint at points of support 92
14.8 Copes 92
14.9 Lateral forces 92
14.10 Torsion 92

15 Trusses 93
15.1 Analysis 93
15.1.1 Simplified method 93
15.1.2 Detailed method 93
15.2 General requirements 93

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 5

15.2.1 Effective lengths of compression members 93
15.2.2 Connection eccentricities 94
15.2.3 Stability 94
15.2.4 Chord members 94
15.2.5 Web members 94
15.2.6 Compression chord supports 94
15.2.7 Maximum slenderness ratio of tension chords 94
15.2.8 Deflection and camber 94
15.3 Composite trusses 94

16 OWSJs 94
16.1 Scope 94
16.2 General 95
16.3 Materials 95
16.4 Design documents 95
16.4.1 Building structural design documents 95
16.4.2 Joist design documents 95
16.5 Design 96
16.5.1 Loading for OWSJs 96
16.5.2 Design assumptions 96
16.5.3 Member and connection resistance 96
16.5.4 Width-to-thickness ratios 97
16.5.5 Bottom chord 97
16.5.6 Top chord 97
16.5.7 Webs 99
16.5.8 Spacers and battens 99
16.5.9 Connections and splices 99
16.5.10 Bearings 100
16.5.11 Anchorage 100
16.5.12 Deflection 101
16.5.13 Camber 101
16.5.14 Vibration 101
16.5.15 Welding 101
16.6 Stability during construction 101
16.7 Bridging 102
16.7.1 General 102
16.7.2 Installation 102
16.7.3 Types 102
16.7.4 Diagonal bridging 102
16.7.5 Horizontal bridging 102
16.7.6 Attachment of bridging 102
16.7.7 Anchorage of bridging 102
16.7.8 Bridging systems 102
16.7.9 Spacing of bridging 102
16.8 Decking 103
16.8.1 Decking to provide lateral support 103
16.8.2 Deck attachments 103
16.8.3 Diaphragm action 103
16.8.4 Cast-in-place slabs 103

Curre
ntly

 in
 p

re
vie

w, c
lic

k b
uy f

ull v
er

sio
n

https://www.stdhive.com/standards/csa-s1624-pdf/


CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 6

16.8.5 Installation of steel deck 103
16.9 Shop coating 104
16.10 Manufacturing tolerances 104
16.11 Inspection and quality control 105
16.11.1 Inspection 105
16.11.2 Identification and control of steel 105
16.11.3 Quality control 105
16.12 Handling and erection 105
16.12.1 General 105
16.12.2 Erection tolerances 105

17 Composite beams, trusses, and OWSJs 106
17.1 Application 106
17.2 Definitions 106
17.3 General 107
17.3.1 Deflections 107
17.3.2 Vertical shear 108
17.3.3 End connections 108
17.3.4 Steel deck 108
17.4 Design effective width of concrete 108
17.5 Slab reinforcement 109
17.5.1 General 109
17.5.2 Parallel reinforcement 109
17.5.3 Transverse reinforcement — Concrete slab on metal deck 109
17.5.4 Transverse reinforcement — Ribbed slabs 109
17.6 Interconnection 109
17.7 Shear connectors 110
17.7.1 General 110
17.7.2 End-welded studs 110
17.7.3 Channel connectors 111
17.8 Ties 111
17.9 Design of composite beams with shear connectors 112
17.10 Design of composite beams without shear connectors 114
17.11 Unshored beams 114
17.12 Beams during construction 115

18 Composite columns 115
18.1 Resistance prior to composite action 115
18.2 Concrete-filled hollow structural sections 115
18.2.1 General 115
18.2.2 Compressive resistance 115
18.2.3 Bending resistance 116
18.2.4 Axial compression and bending 118
18.2.5 Tension and shear 118
18.3 Partially encased composite columns 118
18.3.1 General 118
18.3.2 Compressive resistance 119
18.3.3 Bending resistance 120
18.3.4 Axial compression and bending 120



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 7

18.3.5 Special reinforcement for seismic zones 120
18.4 Encased composite columns 121
18.4.1 General 121
18.4.2 Compressive resistance 121
18.4.3 Reinforcement 121
18.4.4 Columns with multiple steel shapes 122
18.4.5 Load transfer 122
18.4.6 Bending resistance 122

19 Built-up members 122
19.1 General 122
19.2 Members in compression 122
19.3 Members in tension 125
19.4 Open box-type beams and grillages 126

20 Plate walls 126
20.1 Definition 126
20.2 Seismic applications 126
20.3 Analysis 126
20.4 Angle of inclination 126
20.5 Limits on column and beam flexibilities 126
20.6 Infill plates 127
20.7 Beams 127
20.8 Columns 127
20.9 Anchorage of infill plates 127

21 Connections 128
21.1 Alignment of members 128
21.2 Simply supported members 128
21.3 Moment-connected members 128
21.4 Connections of tension or compression members 129
21.5 Bearing joints in compression members 129
21.6 Lamellar tearing 129
21.7 Placement of fasteners and welds 130
21.8 Fillers 130
21.8.1 Filler plates in bolted connections 130
21.8.2 Fillers in welded connections 130
21.9 Welds in combination 130
21.10 Bolts and welds in combination 131
21.10.1 New connections 131
21.10.2 Existing connections 131
21.11 High-strength bolts (in slip-critical joints) and rivets in combination 131
21.12 Connection elements under combined forces and moments 131
21.13 Hollow structural section connections 131

22 Design and detailing of bolted connections 131
22.1 General 131
22.2 Design of bolted connections 132
22.2.1 Use of snug-tightened high-strength bolts 132
22.2.2 Use of pretensioned high-strength bolts 132



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 8

22.2.3 Joints subject to fatigue loading 132
22.2.4 Effective bearing area 132
22.2.5 Fastener components 132
22.3 Detailing of bolted connections 133
22.3.1 Minimum pitch 133
22.3.2 Minimum edge distance 133
22.3.3 Maximum edge distance 133
22.3.4 Minimum end distance 133
22.3.5 Bolt holes 133

23 Installation and inspection of bolted joints 134
23.1 Connection fit-up 134
23.2 Surface conditions for slip-critical connections 134
23.3 Minimum bolt length 135
23.4 Use of washers 135
23.5 Storage of fastener components for pretensioned bolt assemblies 135
23.6 Snug-tightened bolt assemblies 136
23.7 Pretensioned high-strength bolt assemblies 136
23.7.1 Installation procedure 136
23.7.2 Turn-of-nut method 136
23.7.3 Use of ASTM F959 washers 136
23.7.4 Use of ASTM F3125/F3125M Grades F1852 and F2280 bolts 136
23.8 Inspection procedures 137

24 Welding 137
24.1 Arc welding 137
24.1.1 Design requirements 137
24.1.2 Workmanship requirements 137
24.2 Resistance welding 137
24.3 Fabricator and erector qualification 138

25 Column bases and anchor rods 138
25.1 General 138
25.2 Loads and effects 138
25.3 Design principles 138
25.3.1 General 138
25.3.2 Grouted base plates 138
25.3.3 Ungrouted base plates and ungrouted base conditions 139
25.3.4 Flush-mounted base plates 139
25.4 Resistance 139
25.4.1 Concrete bearing resistance 139
25.4.2 Moment resistance of column base 139
25.4.3 Steel resistance of anchor rods 140
25.4.4 Concrete resistance of anchor rods 141
25.5 Additional design considerations 142
25.6 Shear lugs 142
25.6.1 General 142
25.6.2 Design forces in shear lugs 142
25.6.3 Steel resistance of shear lugs 142



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 9

25.6.4 Concrete resistance of shear lugs 142
25.7 Fabrication and erection 142
25.7.1 Fabrication 142
25.7.2 Erection 143

26 Fatigue 143
26.1 General 143
26.2 Proportioning 144
26.3 Live-load-induced fatigue 144
26.3.1 Calculation of stress range 144
26.3.2 Design criteria 144
26.3.3 Cumulative fatigue damage 144
26.3.4 Fatigue constants and detail categories 145
26.3.5 Fatigue resistance of stud shear connectors 145
26.3.6 Limited number of cycles 146
26.3.7 Fatigue resistance of transversely loaded partial joint penetration groove welds and fillet 

welds 146
26.4 Distortion-induced fatigue 146
26.5 High-strength bolts 146

27 Seismic design 147
27.1 General 147
27.1.1 Seismic category and scope 147
27.1.2 Capacity design 148
27.1.3 Seismic load path 149
27.1.4 Members and connections supporting gravity loads 149
27.1.5 Material requirements 149
27.1.6 Bolted connections 151
27.1.7 Probable yield stress 151
27.1.8 Stability effects 151
27.1.9 Protected zones 152
27.1.10 Additional performance requirements related to elastic behaviour 152
27.2 Type D (ductile) moment-resisting frames, Rd = 5.0, Ro = 1.5 153
27.2.1 General 153
27.2.2 Beams 153
27.2.3 Columns 154
27.2.4 Joint panel zone 155
27.2.5 Beam-to-column connections and joints 156
27.2.6 Bracing 157
27.2.7 Fasteners 157
27.2.8 Protected zones 157
27.3 Type MD (moderately ductile) moment-resisting frames, Rd = 3.5, Ro = 1.5 158
27.4 Type LD (limited-ductility) moment-resisting frames, Rd = 2.0, Ro = 1.3 158
27.4.1 General 158
27.4.2 Beams and columns 158
27.4.3 Column connection panel zone 159
27.4.4 Beam-to-column connections 159
27.5 Type MD (moderately ductile) concentrically braced frames, Rd = 3.0, Ro = 1.3 159
27.5.1 General 159



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 10

27.5.2 Bracing systems 160
27.5.3 Diagonal bracing members 163
27.5.4 Brace connections 165
27.5.5 Columns, beams, and connections other than brace connections 166
27.5.6 Protected zones 167
27.6 Type LD (limited-ductility) concentrically braced frames, Rd = 2.0, Ro = 1.3 167
27.6.1 General 167
27.6.2 Bracing systems 167
27.6.3 Diagonal bracing members 168
27.6.4 Bracing connections 169
27.6.5 Columns, beams, and other connections 169
27.7 Type D (ductile) eccentrically braced frames, Rd = 4.0, Ro = 1.5 169
27.7.1 General 169
27.7.2 Link beam systems 169
27.7.3 Link beam 175
27.7.4 Link resistance 176
27.7.5 Link length 176
27.7.6 Inelastic link rotation 177
27.7.7 Link stiffeners 177
27.7.8 Lateral support for link 178
27.7.9 Link beam-to-column connections 178
27.7.10 Beam outside the link 178
27.7.11 Diagonal braces 179
27.7.12 Brace-to-beam connection 179
27.7.13 Columns 179
27.7.14 Protected zone 180
27.8 Type D (ductile) buckling restrained braced frames, Rd = 4.0, Ro = 1.2 180
27.8.1 General 180
27.8.2 Bracing systems 180
27.8.3 Bracing members 182
27.8.4 Brace connections 183
27.8.5 Beams, columns, and connections other than brace connections 183
27.8.6 Testing 184
27.8.7 Protected zone 184
27.9 Type D (ductile) plate walls, Rd = 5.0, Ro = 1.6 184
27.9.1 General 184
27.9.2 Infill plates 184
27.9.3 Beams 185
27.9.4 Columns 186
27.9.5 Minimum stiffness for beams and columns 186
27.9.6 Column connection panel zones 186
27.9.7 Beam-to-column connections and joints 186
27.9.8 Protected zones 186
27.10 Type MD (moderately ductile) plate walls, Rd = 3.5, Ro = 1.3 187
27.10.1 General 187
27.10.2 Infill plates 187
27.10.3 Beams 187
27.10.4 Columns 188
27.10.5 Minimum stiffnesses for columns and beams 188



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 11

27.10.6 Column connection panel zones 188
27.10.7 Beam-to-column connections and joints 188
27.10.8 Protected zones 188
27.11 Type LD (limited-ductility) plate walls, Rd = 2.0, Ro = 1.3 188
27.11.1 General 188
27.11.2 Infill plates 189
27.11.3 Beams 189
27.11.4 Columns 189
27.11.5 Beam-to-column connections and joints 189
27.11.6 Protected zones 189
27.12 Conventional construction, Rd = 1.5, Ro = 1.3 189
27.12.1 General 189
27.12.2 General systems 190
27.12.3 Moment-resisting frames 191
27.12.4 Truss moment-resisting frames 191
27.12.5 Concentrically braced frames 192
27.12.6 Cantilever column structures 194
27.13 Special seismic design 194
27.13.1 Seismic force resisting systems not defined in the NBC or Clause 27 194
27.13.2 Variations to seismic force resisting systems defined in the NBC and Clause 27 195
27.13.3 Advanced analysis for seismic design 195

28 Shop and field fabrication and coating 196
28.1 Cambering, curving, and straightening 196
28.2 Thermal cutting 196
28.3 Sheared or thermally cut edge finish 196
28.4 Fastener holes 196
28.4.1 Drilled and punched holes 196
28.4.2 Holes at plastic hinges 196
28.4.3 Thermally cut holes 197
28.4.4 Alignment 197
28.5 Joints in contact bearing 197
28.6 Member tolerances 197
28.7 Cleaning, surface preparation, and shop coating 198
28.7.1 General 198
28.7.2 Uncoated steel 198
28.7.3 Coated steel 198
28.7.4 Special surfaces 199
28.7.5 Metallic zinc coatings 199

29 Erection 199
29.1 Temporary conditions 199
29.1.1 General 199
29.1.2 Temporary loads 200
29.1.3 Temporary bracing 200
29.1.4 Adequacy of temporary connections 200
29.2 Alignment 200
29.3 Erection tolerances 200
29.3.1 General 200



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 12

29.3.2 Elevation of base plates 200
29.3.3 Plumbness of columns 200
29.3.4 Horizontal alignment of members 201
29.3.5 Elevations of members 201
29.3.6 Crane runway beams 201
29.3.7 Alignment of braced members 201
29.3.8 Members with adjustable connections 201
29.3.9 Column splices 202
29.3.10 Welded joint fit-up 202
29.3.11 Bolted joint fit-up 202

30 Inspection 202
30.1 General 202
30.2 Co-operation 202
30.3 Rejection 202
30.4 Inspection of high-strength bolted joints 202
30.5 Welding inspection 202
30.5.1 Extent of examination 202
30.5.2 Competency of inspection personnel 203
30.6 Identification of steel by marking 204

31 Control of brittle fracture 204
31.1 General 204
31.2 Identification 205
31.3 Fracture toughness 205
31.3.1 General requirements for steel 205
31.3.2 Steel for primary tension members 205
31.3.3 Steel for fracture-critical members 205
31.3.4 Service temperature 206
31.3.5 Weld metal toughness 206
31.3.6 Steel for permanent backing bars 206
31.4 Welding of fracture-critical and primary tension members 206
31.4.1 General 206
31.4.2 Welding consumables 206
31.4.3 Testing and verification of consumables 206
31.4.4 Welding CSA G40.21 grade 700QT steels 206
31.4.5 Tack welds and temporary welds 207
31.5 Welding corrections and repairs to fracture-critical members 207
31.5.1 General 207
31.5.2 Repair of base metal 207
31.5.3 Approval and tests for repairs 207
31.5.4 Approval for non-critical repairs 207
31.5.5 Approval for critical repairs 208
31.5.6 Descriptions of deficiencies and repairs 208
31.5.7 Minimum steps for repair 208

Annex A (informative) — Standard practice for structural steel 239
Annex B (informative) — Margins of safety 240
Annex C (normative) — Crane-supporting structures 242



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 13

Annex D (informative) — Recommended maximum values for deflections due to service live, snow, and 
wind loads 243

Annex E (informative) — Floor vibrations 245
Annex F (informative) — Effective lengths of columns 246
Annex G (informative) — Criteria for estimating effective column lengths in continuous frames 248
Annex H (informative) — Deflections of composite beams, OWSJs, and trusses due to shrinkage of 

concrete 250
Annex I (informative) — Arbitration procedure for pretensioning connections 254
Annex J (normative) — Qualification testing provisions for seismic moment connections and buckling 

restrained braces 255
Annex K (normative) — Structural design for fire conditions 257
Annex L (normative) — Type MD (moderately ductile) truss moment-resisting frames, Rd = 3.5, Ro = 

1.6 269
Annex M (informative) — Seismic design of industrial steel structures 274
Annex N (informative) — Type D (ductile) concrete-filled composite plate walls and Type D (ductile) 

coupled concrete-filled composite plate walls 278
Annex O (informative) — Guidelines for advanced structural analysis 289
Annex P (informative) — Guidance for specifying third-party inspection of steel structures 300
Annex Q (normative) — Additional requirements for castings used as energy-dissipating 

elements 307
Annex R (informative) — Quality management system 310



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 14

Technical Committee on Design and 
Construction of Steel Structures 
C. J. Montgomery DIALOG, 

Edmonton, Alberta, Canada 
Category: User Interest

Chair

A. F. Wong Markham, Ontario, Canada 
Category: General Interest

Vice-Chair

P. C. Birkemoe Vancouver, British Columbia, Canada Non-voting

N. Boissannade Laval University, 
Québec, Québec, Canada

Non-voting

M. Bruneau University at Buffalo, 
Buffalo, New York, USA 
Category: General Interest

L. Callele Canadian Institute of Steel Construction, 
Markham, Ontario, Canada 
Category: Producer Interest

C. Christopoulos University of Toronto, 
Toronto, Ontario, Canada

Non-voting

M. P. Comeau Campbell Comeau Engineering Limited, 
Halifax, Nova Scotia, Canada 
Category: User Interest

R. G. Driver University of Alberta, 
Edmonton, Alberta, Canada 
Category: General Interest

R. B. Fletcher Atlas Tube, 
Chicago, Illinois, USA 
Category: Producer Interest

G. S. Frater Humber College, 
Toronto, Ontario, Canada

Non-voting

J. A. Gales York University, 
North York, Ontario, Canada

Non-voting



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 15

M. I. Gilmor Ajax, Ontario, Canada 
Category: General Interest

G. Grondin AECOM CANADA LTD., 
Edmonton, Alberta, Canada 
Category: User Interest

S. Haq Entutive Corporation, 
Toronto, Ontario, Canada

Non-voting

M. Holleran Canam Group Inc., 
Mississauga, Ontario, Canada 
Category: Producer Interest

M. Hrabok Wood Canada Limited, 
Saskatoon, Saskatchewan, Canada 
Category: User Interest

Z. Y. Hu Gold Land Architects and Engineers Inc., 
Toronto, Ontario, Canada

Non-voting

J. Hydomako Weldfab Ltd., 
Saskatoon, Saskatchewan, Canada 
Category: Producer Interest

A. Imanpour University of Alberta, 
Edmonton, Alberta, Canada

Non-voting

C. J. Jacques WSP Canada Inc., 
Vancouver, British Columbia, Canada

Non-voting

A. Jamshidi Niik Steel / Niik Group, 
Nanaimo, British Columbia, Canada 
Category: Producer Interest

M. Khan City of Winnipeg, 
Winnipeg, Manitoba, Canada

Non-voting

S. Koboevic Polytechnique Montréal, 
Outremont, Québec, Canada

Non-voting

G. Krsmanovic City of Hamilton, Planning & Economic 
Development Department, 
Hamilton, Ontario, Canada 
Category: Regulatory Authority



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 16

R. M. Lasby Columbia Valley Engineering Ltd., 
Heriot Bay, British Columbia, Canada 
Category: User Interest

D. Lignos École Polytechnique Fédérele de Lausanne, 
Lausanne, Vaud, Switzerland

Non-voting

I. J. MacPhedran University of Saskatchewan, 
Saskatoon, Saskatchewan, Canada 
Category: General Interest

A. Marskamp Walters Inc., 
Hamilton, Ontario, Canada 
Category: Producer Interest

J. C. Martin CWB Group, 
Georgetown, Ontario, Canada 
Category: User Interest

M. S. Medhekar Alberta Infrastructure, 
Edmonton, Alberta, Canada 
Category: Regulatory Authority

A. W. Metten Bush, Bohlman & Partners LLP, 
Vancouver, British Columbia, Canada 
Category: User Interest

S. Moghimi WSP Cantor Seinuk, 
New York, New York, USA

Non-voting

S. Moradi Toronto Metropolitan University, 
Toronto, Ontario, Canada

Non-voting

P. K. Ostrowski GE Hitachi, 
Markham, Ontario, Canada 
Category: User Interest

J. A. Packer University of Toronto, 
Toronto, Ontario, Canada 
Category: General Interest

R. Radonjic Pittsburgh Steel Group, 
Mississauga, Ontario, Canada 
Category: Producer Interest



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 17

C. Rogers McGill University, 
Montréal, Québec, Canada 
Category: General Interest

M. A. Samuels TTC, 
Toronto, Ontario, Canada

Non-voting

J. Singh National Research Council Canada, Canadian Codes 
Centre, 
Ottawa, Ontario, Canada

Non-voting

M. Smith Entuitive, 
Toronto, Ontario, Canada

Non-voting

E. St-Onge Hydro-Québec, 
Montréal, Québec, Canada

Non-voting

M. Tancredi Ferroeng Group Inc., 
St. George, Ontario, Canada

Non-voting

K. Tousignant Dalhousie University, 
Halifax, Nova Scotia, Canada

Non-voting

R. Tremblay École Polytechnique de Montréal, 
Montréal, Québec, Canada 
Category: General Interest

D. Van Ee Van Ee Engineering / Steelcon Fabrication, 
Beeton, Ontario, Canada

Non-voting

A. Voth Read Jones Christoffersen Ltd., 
Toronto, Ontario, Canada

Non-voting

S. Walbridge University of Waterloo, 
Waterloo, Ontario, Canada

Non-voting

Y. H. Wan WSP Canada Inc., 
Oakville, Ontario, Canada

Non-voting

E. J. Whalen Canadian Institute of Steel Construction (CISC-ICCA), 
Markham, Ontario, Canada

Non-voting

T. Whitney Bush, Bohlman & Partners LLP, 
Vancouver, British Columbia, Canada

Non-voting



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 18

L. Wiebe McMaster University, 
Hamilton, Ontario, Canada 
Category: General Interest

T. Y. Yang The University of British Columbia, 
Vancouver, British Columbia, Canada

Non-voting

S. D’Addese CSA Group, 
Toronto, Ontario, Canada

Project manager

In addition to the members of the Technical Committee on Design and Construction of Steel Structures, 
the following people made a valuable contribution to the development of this Standard:

Kenton McBride – Hilti North America 
Ali Ahrabi – Hilti Canada



CSA S16:24 Design and construction of steel structures

April 2024 © 2024 Canadian Standards Association 19

Preface 
This is the tenth edition of CSA S16, Design and construction of steel structures. It supersedes the 
previous limit states editions published in 2019, 2014, 2009, 2001, 1994, 1989, 1984, 1978, and 1974. 
These limit states design editions were preceded by seven working stress design editions published in 
1969, 1965, 1961, 1954, 1940, 1930, and 1924. The 1969 working stress design edition was withdrawn 
in 1984, from which point the design of steel structures in Canada has been carried out using limit 
states design principles.

The following are the major changes to this edition:
a) Minor changes were made to the Scope to bring it into line with the Terms of Reference for the 

Technical Committee on Design and Construction of Steel Structures.
b) The requirement for designers to consider and specify construction live loads has been included for 

sheet steel deck and structural members supporting the deck. Reference has been made to 
CSSBI 12M for determining provisions for deck supporting the plastic concrete, with the option of 
designing structural members supporting the deck in accordance with the loading provisions of 
CSA S269.1.

c) Except for planar frames in low-rise buildings under certain conditions, P-Δ effects are to be taken 
into account by performing a second-order analysis. The U2 factor approach only gives accurate 
results for simple structures when lateral loads and stability effects are uniformly distributed 
among the frames in the direction of load and the structure has limited torsional response.

d) The application of gross and net areas has been clarified for the capacity checks of members and 
connections in tension, compression, and shear.

e) The symbols for effective net area when determining the tension load transmitted by welds have 
been modified to indicate that shear lag effects are considered.

f) The methodology for determining the capacity of concentrically and eccentrically loaded hollow 
structural section tension members with plates in slotted holes has been unified. As the length of 
the plate in the slotted hole decreases, the member capacity transitions from the net section fully 
developed through a reduction due to shear lag to a failure governed by block shear tear-out.

g) The default parameter for determining the factored axial compression resistance is n = 1.34. The 
value of n = 2.24 can be used under certain circumstances.

h) Elastic analysis is now used to determine the shear resistance of rectangular and square hollow 
structural section Class 3 and 4 members and fabricated closed box-shapes for which local wall 
buckling can occur.

i) Shear area definitions are provided for determining the shear resistance of hollow structural 
section members and concrete-filled hollow structural section members where local wall bucking is 
prevented.

j) Provisions for providing lateral and rotational restraint to beams in Gerber construction have been 
clarified. Where restraint is provided by bolted connections to the beams, the effect of holes for 
fasteners on strength is to be considered.

k) When combining the factored resistance of fillet welds oriented in multiple directions in the same 
shear plane, the multi-orientation reduction factor, Mw, is used regardless of whether the strength- 
enhancement factor is applied.

l) When determining the capacity of welds for hollow structural section members, the geometric 
properties are to be determined in accordance with CSA W59.

m) In addition to the capacity when modelled as a column, a requirement has been added to check 
the factored bearing resistance of bearing stiffeners, Br.


