CSA 086:19

National Standard of Canada

Engineering design in wood

SCC © cen

REVISED MAY 2021


https://www.stdhive.com/standards/csa-o8619-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 C/'ISED,
INCLUDING BUT NOT LIMITED TO SPECIAL OR CONSEQUENTIAL DAMAGES, LOST REVENUE, BUSINESS INTERRUPTION, LOST OR DA’ 1AGLY
DATA, OR ANY OTHER COMMERCIAL OR ECONOMIC LOSS, WHETHER BASED IN CONTRACT, TORT (INCLUDING NEGLIGENCE), OR ANY THE.
THEORY OF LIABILITY, ARISING OUT OF OR RESULTING FROM ACCESS TO OR POSSESSION OR USE OF THIS DOCUMENT, EVEN IF Cs." GRL'IP
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 fur >r on cchalf 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 docu aent is directed
to those who have the appropriate degree of experience to use and apply its contents, and CSA Group accepts no res). ansibility 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 Gr. :tp has 1o 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 ~oup is the owner, or the authorized
licensee, of all works contained herein that are protected by copyright, all trade-marks (ex:=pt i s otherwise noted to the contrary), and all
inventions and trade secrets that may be contained in this document, whether or not such in = “*2=< and trade secrets are protected by
patents and applications for patents. Without limitation, the unauthorized use, modifica*.c.1, coy ‘ing, or disclosure of this document may
violate laws that protect CSA Group’s and/or others’ intellectual property and may give ise tc a right in CSA Group and/or others to seek legal
redress for such use, modification, copying, or disclosure. To the extent permit:~d by 'icer..=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 standai ' =~y 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 infornn i nal <@ d non-commercial use only. The user of this document is authorized to do
only the following:

If this document is in electronic form:

¢ |oad this document onto a computer for the sole purpuse of reviewing it;
e search and browse this document; and

e print this document if it is in PDF form7 c.

Limited copies of this document in prii .t or . >»<r form may be distributed only to persons who are authorized by CSA Group to have such
copies, and only if this Legal Notice apy. ~ars on each such copy.

In addition, users may not and “1ay n. % permit others to

e alter this document in any wa, 2r-emove this Legal Notice from the attached standard;
¢ sell this document without authc. ‘zation from CSA Group; or

¢ make an electroniz :opy >f this document.

If you do not agree vith . 1y of the terms and conditions contained in this Legal Notice, you may not load or use this document or make any
copies of the content: Yereof, and if you do make such copies, you are required to destroy them immediately. Use of this document
constitutes yc ir acceptance of the terms and conditions of this Legal Notice.

CSA
GROUP”


https://www.stdhive.com/standards/csa-o8619-pdf/

Revision History

CSA 086:19, Engineering design in wood

Errata — May 2021

Revision symbol (in
margin)

Clauses 5.3.2.3,11.8.1, 12.6.5.1.2, and A.5.4.5.1.3
Tables 12.11, 12.21H, and A.20
Figures 12.11 and 12.16

A

Errata — March 2020

Revision sy1.bo: (in
margin)

Preface
Clauses 2,3.2,4.2,5.4.5.1,5.4.5.2,6.4.5.1, 6.5.3.2.2, 6.5.3.2.4,
6.5.5.2.2, 6.5.5.2.5, 6.5.6.3.2, 6.5.7, 6.5.12.3.3, 7.4.3.1,
7.5.6.4.4,675.7.1,7.5.7.5.2,7.5.7.6,7.5.8.2, 7.5.8.6, 7.5.12,
8.4.3.2,8.4.5.3,8.4.6,8.4.7.3.1, 10.5.3, 10.5.4, 10.6.3.1, 11.5.1,
11.5.5.3,11.6.2.2,11.6.2.4,11.6.3.2, 11.6.3.3, 11.7.1.2, 11.7.2,
11.8.1,12.44.2,12.4.4.3.2,12.4.4.3.3.1,12.4.4.5,12.5.5.1,
12.5.6,12.6.5.1.2, 12.6.6.1, 12.8.4.2, 12.9.3.1, 12.9.3.2,
12.11.2.1,12.11.3.2, 12.11.4.3, 15.3.3.5.2, 15.3.3.6, 15.2.2.5,
.3.5.5,
4.2

16.3.3.2, A.6.5.5.3.5.2, A.6.5.5.3.5.3, A.6.5.5.3.5.4 /A.6.5.5
A.8.5.2, A.8.5.3,A.11.7.1, A.12.7.3.3.1, A.16.2.3.1, .37, B.4.2,
B.4.3, B.4.6, and B.8.2

Tables 6.7, 6.18, 6.19, 7.5, 12.4, 12.16, 12.15, 12122, A.1, A.2,
A.6,A.15,and B.2

Figures 8.2, 10.2, 10.3, 12.6, 12.11, 210 12..6

A



https://www.stdhive.com/standards/csa-o8619-pdf/

Standards Update Service

CSA 086:19
September 2019

Title: Engineering design in wood

To register for e-mail notification about any updates to this publication
e go to www.csagroup.org/store/
¢ click on Product Updates

The List ID that you will need to register for updates to this publication is 2426525

If you require assistance, please e-mail techsupport@csagroup.org or call 4:5/47-2233.

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



https://www.csagroup.org/store/
mailto:techsupport@csagroup.org
http://www.csagroup.org/legal
https://www.stdhive.com/standards/csa-o8619-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.

Individuals, companies, and associations across Canada indicate
their support for CSA Group’s standards development by
volunteering their time and skills to Committee work and supporting
CSA Group’s objectives through sustaining memberships. The more
than 7000 committee volunteers and the 2000 sustaining
memberships together form CSA Group’s total membership from
which its Directors are chosen. Sustaining memberships represent a
major source of income for CSA Group’s standards development
activities.

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 eight 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, MOW 1R3

Canada

cea
CROUP”

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 well-
being, 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 custom. *s,
including product certifiers, testing laboratories, and stanc. >rds
development organizations. A list of SCC programs and accre.'ited
bodies is publicly available at www.scc.ca.

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

SCC Y CClN

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

Ai.houy. *he 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”


http://www.scc.ca
http://www.scc.ca
https://www.stdhive.com/standards/csa-o8619-pdf/

National Standard of Canada

CSA 086:19
Engineering design in wood

CSA
GROUP"

®A trademark of the Canadian Stan.'aras 4ssociation,
operating as “CS'1+ Group”

Published in September 2019 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.

I1CS 91.080.20
ISBN 978-1-4883-2043-9

© 2019 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.


https://www.csagroup.org/store/
https://www.stdhive.com/standards/csa-o8619-pdf/

CSA 086:19

Engineering design in wood

Contents

Technical Committee on Engineering Design in Wood 9
Subcommittee on Design Principles 12

Subcommittee on Material Evaluation 13
Subcommittee on System Design 15

Subcommittee on Connections 17

Preface 19

1 Scope 21

1.1 General 21

1.2 Exclusions 21
13 Design method 21
1.4 Terminology 21
1.5 Units 22

2 Reference publications 22

3 Definitions, symbols, spacing, and dimensions 26
3.1 Definitions 26

3.2 Symbols 32

33 Spacing and dimensions 35

4 Objective and design requirements 3C

4.1 Objective 36

4.2 Limit states 36

4.3 Design requirements 36

4.3.1  Structural adequacy 24

4.3.2 New or special systen sof "lesign and construction 36
4.3.3  Structural integrity . 3o

4.3.4  Basis of design® 26

4.3.5 Quality of worn._ 36

4.3.6  Design d.owings 37

5 Generaldecign 37

5.1 L mit states design 37

5.1 MMothods of analysis 37

5.2 Ulti nate limit states 37

T 1.5 - Serviceability limit states 37

5.1.1  Resistance factors 38

5.2 Loading 38

5.2.1  Loads applied to buildings 38

5.2.2 Loads applied to other structures 38
5.2.3  Specified loads 38

September 2019 © 2019 Canadian Standards Association


https://www.stdhive.com/standards/csa-o8619-pdf/

CSA 086:19 Engineering design in wood

5.24
53

531
5.3.2
5.33
534
5.35
5.3.6
5.3.7
5.3.8
5.4

54.1
54.2
5.4.3
5.4.4
5.4.5
5.4.6
55

5.6

Load combinations 38

Conditions and factors affecting resistance 38

General 38

Load-duration factor, Kp 39

Service-condition factor, Ks 40

Preservative and fire-retardant treatment factor, Kt 40
System factor, Ky 40

Size factor, K 41

Lateral-stability factor, K, 41

Reduction in cross-section 41

Serviceability requirements 41

Modulus of elasticity 41

Elastic deflection 41

Permanent deformation 41

Ponding 41

Vibration 42

Building movements due to change in moisture content 42
Lateral brace force for wood truss compression webs 42
Fire resistance 42

6 Sawn lumber 43

6.1
6.2
6.2.1
6.2.2
6.2.3
6.2.4
6.2.5
6.3
6.3.1
6.3.2
6.4
6.4.1
6.4.2
6.4.3
6.4.4
6.4.5
6.5
6.5.1
6.5.2
6.5.3
6.5:1
6.55
A5.C
6.57
5.8
6.5.9
6.5.10
6.5.11

Scope 43

Materials 43

Identification of lumber 43

Lumber grades and categories 44

Finger-joined and face-glued lumber 45
Remanufactured lumber 46

Mixed grades 46

Specified strengths and moduli of elasiicit: 46

Visually stress-graded lumber +o

Machine stress-rated and marhii = e' aluated lumber 47
Modification factors 55

Load-duration factor, Kp = &%

Service-condition factor K. 55

Treatment factor, *r ZC

System factor, /i, 4

Size factor, Kz~ 57

Strengths and res’stances 60

Generad! 2

Sizes . 60

Eending moment resistance 60

Sh=ar resistance 61

Corpressive resistance parallel to grain 64
Compressive resistance perpendicular to grain 67
Compressive resistance at an angle to grain 69
Tensile resistance parallel to grain 69

Resistance to combined bending and axial load 69
Decking 70

Permanent wood foundations 72

September 2019 © 2019 Canadian Standards Association 2


https://www.stdhive.com/standards/csa-o8619-pdf/

CSA 086:19 Engineering design in wood

6.5.12 Specific truss applications 72
6.6 Serviceability limit states 75

7 Glued-laminated timber (glulam) 75

7.1 Scope 75

7.2 Materials 75

7.2.1  Stressgrades 75

7.2.2 Appearance grades 76

7.3 Specified strengths and moduli of elasticity 76
7.4 Modification factors 77

7.4.1 Load-duration factor, Kp 77

7.4.2 Service-condition factor, Ks 77

7.4.3  Treatment factor, Kt 78

7.4.4 System factor, Ky 78

7.5 Strengths and resistances 78

7.5.1 Scope 78

7.5.2 Orientation 79

7.5.3  Vertically glued-laminated beams 79

754 Net section 79

7.5.5 Size 79

7.5.6 Bending moment resistance 79

7.5.7  Shear resistance 86

7.5.8  Compressive resistance parallel to grain 92
7.5.9  Compressive resistance perpendicular to grain (beariry) 93
7.5.10 Compressive resistance at an angle to grain ¢
7.5.11 Tensile resistance parallel to grain 94

7.5.12 Resistance to combined bending and axial load 94
7.6 Serviceability limit states 95

8 Cross-laminated timber (CLT) 95

8.1 Scope 95

8.2 Materials 96

8.2.1 General 96

8.2.2 CLTlayups 96

8.2.3  Primary CLT grades ==

8.2.4  Specified streng:hs o« nd moduli of elasticity of laminations 96
8.2.5  Appearance g des 97

8.3 Modification faciars 98

8.3.1 Load-c: ration factor, Kb 98

8.3.2 Servica-cundition factors, Ks 98

8.3.3  Treatment factor, Kt 98

8.34 System factor, Ky 98

8.4 Strungths and resistances 98

4. Scope 98

8.42 Sizes 98

¢4.3  Flatwise bending moment resistance 98

8.4.4  Flatwise shear resistance 101

8.4.5  Compressive resistance under axial load 102

8.4.6  Resistance to combined bending and axial compressive load 103

September 2019 © 2019 Canadian Standards Association 3


https://www.stdhive.com/standards/csa-o8619-pdf/

CSA 086:19 Engineering design in wood

8.4.7  Compressive resistance perpendicular to the face of the panel (bearing) 104
8.4.8  Compressive resistance at an angle to the face of a panel 105

8.5 Serviceability limit states 105

8.5.1 General 105

8.5.2 Deflection of CLT panels 105

8.5.3  Vibration performance of CLT floors 105

9 Structural panels 105

9.1 Scope 105

9.2 Materials 105

9.2.1 Plywood 105

9.22 0SB 105

9.2.3  Adhesives for stress joints 106

9.3 Specified capacities 106

9.3.1 Plywood 106

9.3.2 0SB 106

9.4 Modification factors 117

9.4.1 Load-duration factor, Kp 117

9.4.2 Service-condition factor, Ks 118

9.4.3  Treatment factor, Kt 118

9.4.4  Stress-joint factor, X, 118

9.4.5 End-use factor, Kr, for permanent wood foundations 721
9.5 Strengths and resistances 121

9.5.1 Stress orientation 121

9.5.2 Flatwise bending 121

9.5.3  Edgewise bending 121

9.5.4 Planar shear 121

9.5.5  Shear-through-thickness of structural oa. el « 122
9.5.6  Compression parallel to panel edge. 7.2

9.5.7 Tension parallel to panel edge 1.3

9.5.8  Compressive resistance perpend. ulz. to face (bearing) 123

10 Composite building componc~ts. 123

10.1 Scope 123

10.2 Materials 124

10.2.1 General 124

10.2.2 Adhesives for .truc:ural components 124
10.3 Construction requirements for stress joints 124
10.3.1 Types of stinss joints 124

10.3.2 Adhevive. for stress joints 124

10.3.3 Scarfjonts 124

10.2.4+ Bttt joints 124

10.4 Struss-joint factor, X; 125

10.4.1 . Joint requirements 125

10.1.2 Scarfjoints 125

29.4.3 Buttjoints 125

10.5 Plywood- and OSB-web beams 125
10.5.1 General 125

10.5.2 Effective stiffness 126

September 2019 © 2019 Canadian Standards Association 4


https://www.stdhive.com/standards/csa-o8619-pdf/

CSA 086:19 Engineering design in wood

10.5.3 Bending moment resistance 126
10.5.4 Web shear-through-thickness 127
10.5.5 Flange-web shear 128

10.5.6 Deflection calculation 128

10.5.7 Lateral stability of panel-web beams 131
10.5.8 Stiffeners 131

10.5.9 Web stabilizers 131

10.6 Stressed skin panels 131

10.6.1 General 131

10.6.2 Effective stiffness 131

10.6.3 Bending moment resistance 132

11 Lateral-load-resisting systems 135

11.1 Scope 135

11.2 Materials 135

11.2.1 General 135

11.2.2 Additional materials 135

11.3 Design of light-frame shearwalls and diaphragms 135

11.3.1 General 135

11.3.2 Shearwalls and diaphragms using wood structural panels 135

11.3.3 Shearwalls using gypsum wallboard 138

11.3.4 Shearwalls and diaphragms using diagonal lumber sheathing 139

11.4 Design considerations for light-frame shearwalls 139

11.4.1 Shearwalls with openings 139

11.4.2 Shearwalls with dissimilar materials 140

11.4.3 Shearwalls with multiple layers 140

11.4.4 Overturning restraint 140

11.4.5 Shearwall anchorage 141

11.4.6 Concrete or masonry wall anchorage 142

11.5 Strength-adjustment factors for light-frame shearwalls and diaphragms 142
11.5.1 Fastener spacing factor, J; 142

11.5.2 Fastener row factor for diaphragms, Jr 142

11.5.3 Factor for unblocked diaphragms, J,4 143

11.5.4 Factor for unblocked shearwalls, J,s 143

11.5.5 Hold-down-effect factor for shearwall segments, Jog 145

11.6 Strength and resistance of light-frame shearwalls and diaphragms 148
11.6.1 General 148

11.6.2 Shear resistance of shearwalls 149

11.7 Deflection of light-frame shearwalls and diaphragms 155

11.7.1 Deflection of shearwalls 155

11.7.2 Deflection of diaphragms 157

11.8 Seismic design considerations for light-frame shearwalls and diaphragms 157
11.8.1 General 157

11.8.2 Shearwall hold-downs and shear transfer connections 157

11.8.3 Over-capacity of wood light-frame seismic force resisting system (SFRS) 158
11.8.4 Light-frame diaphragms supported on light-frame shearwalls 158

11.8.5 Light-frame diaphragms in buildings with SFRSs other than light-frame shearwalls 158
11.8.6 Design of force transfer elements 159

11.8.7 Structures in low seismic zones 159

September 2019 © 2019 Canadian Standards Association 5



CSA 086:19 Engineering design in wood

11.8.8 Requirements for shearwalls using gypsum wallboard 160
11.8.9 Load-bearing walls constructed with gypsum wallboard only 160
11.9 Design of CLT shearwalls and diaphragms 160

11.9.1 Scope 160

11.9.2 Strength and resistance 161

11.9.3 Seismic design considerations for CLT structures 161

11.9.4 Members not considered part of the SFRS 164

12 Connections 165

12.1 Scope 165

12.2 General requirements 165

12.2.1 All connections 165

12.2.2 Split-ring and shear-plate connectors, bolts, dowels, and lag screws 167
12.3 Split-ring and shear-plate connectors 175
12.3.1 General 175

12.3.2 Service-condition factors, Ksg 177

12.3.3 Configuration factors, Jc 177

12.3.4 Thickness factor, Jr 181

12.3.5 Connectors used with lag screws 182
12.3.6 Lateral resistance 183

12.4 Bolts and dowels 185

12.4.1 General 185

12.4.2 Materials 185

12.4.3 Placement of bolts and dowels in connections 186
12.4.4 Lateral resistance 190

12.4.5 Axial resistance 198

12.4.6 Combined lateral and axial resistance 198
12.5 Drift pins 198

12.5.1 General 198

12.5.2 Pre-drilled holes 198

12.5.3 Drift-pin points 198

12.5.4 Axial tension 198

12.5.5 Size and placement of drift pins in connections 198
12.5.6 Lateral resistance 199

12.6 Lag screws 200

12.6.1 General 200

12.6.2 Placement of lag screws in connections 201
12.6.3 Penetration length of lag screws 203
12.6.4 Side members 204

12.6.5 Lateral resistance 204

12.6.6 Withdrawal resistance 206

12.7 Timber rivets 207

12.7.1 General 207

12.7.2 Placement of timber rivets in connections 209
12.7.3 Lateral resistance 212

12.7.4 Withdrawal resistance 214

12.8 Truss plates 237

12.8.1 General 237

12.8.2 Design 238

September 2019 © 2019 Canadian Standards Association 6



CSA 086:19

Engineering design in wood

12.8.3 Factored resistance of truss plates 240
12.8.4 Lateral slip resistance 242
12.9 Nails and spikes 243

12.9.1 General 243

12.9.2 Connection configuration 243
12.9.3 Lateral resistance 245
12.9.4 Withdrawal resistance 248
12.10 Joist hangers 249

12.10.1 General 249

12.10.2 Design 250

12.11 Wood screws 250

12.11.1 General 250

12.11.2 Connection configuration 251
12.11.3 Lateral resistance 252
12.11.4 Withdrawal resistance 254

13 Timber piling 255

13.1 Scope 255

13.2 Materials 255

13.2.1 Preservative treatment 255

13.2.2 Untreated piling 256

13.3 Specified strengths and moduli of elasticity 256
13.4 Modification factors 256

13.5 Strengths and resistances 256
13.5.1 General 256

13.5.2 Piles as compression members 256
13.5.3 Effective length 256

13.5.4 Embedded portion 256

13.5.5 Unembedded portion 257

14 Pole-type construction 259

14.1 Scope 259

14.1.1 Round poles 259

14.1.2 Sawn timbers 259

14.2 Materials 259

14.2.1 Preservative treatment 259
14.2.2 Short poles 259

14.3 Specified strengths 259

14.4 Modification factors 259

14.5 Strengths and resistances 259
14.5.1 General 259

14.5.2 Poles as compression members 260
14.5.3 Poles as bending members 260

15 Proprietary structural wood products — Design 260
15.1 Scope 260

15.2 Prefabricated wood I-joists 261

15.2.1 General 261

15.2.2 Modification factors 261

September 2019 © 2019 Canadian Standards Association



CSA 086:19 Engineering design in wood

15.2.3 Strengths and resistances 261

15.2.4 Serviceability limit states 263

15.2.5 Connections for prefabricated wood I-joists 263
15.3 Structural composite lumber 263

15.3.1 General 263

15.3.2 Modification factors 263

15.3.3 Strengths and resistances 264

15.3.4 Serviceability limit states 268

15.3.5 Connections for structural composite lumber 268

16 Proprietary structural products — Materials and evaluation 268
16.1 Scope 268

16.2 Prefabricated wood I-joists 268

16.2.1 General 268

16.2.2 Materials 269

16.2.3 Specified strengths, capacities, and modulus of elasticity 269
16.2.4 Adjusted resistances 272

16.2.5 Serviceability limit states 273

16.3 Structural composite lumber 274

16.3.1 General 274

16.3.2 Adhesives and binder systems 274

16.3.3 Specified strengths and modulus of elasticity 275
16.3.4 Modification factors 276

16.3.5 Serviceability limit states 276

16.3.6 Connections for structural composite lumber 277
16.4 Truss plates 277

16.4.1 General 277

16.4.2 Strength resistance of truss plates 277

16.4.3 Lateral slip resistance 279

16.5 Joist hangers 279

16.5.1 General 279

16.5.2 Testing 280

16.5.3 Ultimate resistance of joist hangers 280

16.5.4 Corrected ultimate load of joist hangers 280

Annex A (informative) — Additional information and alternative procedures 282
Annex B (informative) — Fire resistance of large-cross-section wood elements 329

September 2019 © 2019 Canadian Standards Association 8



CSA 086:19 Engineering design in wood

Preface

This is the eleventh edition of CSA 086, Engineering design in wood. It is presented in limit states design
(LSD) format and supersedes the previous editions published in 2014, 2009, 2001, 1994, 1989, 1984,
1980, 1976, 1970, and 1959, including their Supplements.

Editions of CSA 086 published in 1959, 1970, 1976, 1980, and 1984 were all developed using working
stress design (WSD) theory. The last WSD version, CSA CAN3-086-M84, Engineering design in wood
(working stress design), existed concurrently with the first (1984) and second (1989) LSD versions,
Engineering design in wood (limit states design). The WSD version was withdrawn on publication of the
1994 LSD edition.

Three LSD editions were published in 1984, 1989, and 1994 with the CSA designation 086.1.
Supplements to each of these editions were published in 1987, 1993, and 1998, respectively. Although
the 2001 edition was also based on the LSD method, the 086 designation was reinstated.

Significant changes in this edition include the following:

¢ editorial changes and some reformatting and restructuring of all clauses for clarity of layout,
especially Clauses 11 and 12;

¢ revisions to design provisions for vibration serviceability of joisted floor systems;

¢ revisions to add Structural Face-Glued Lumber grade-stamped NLGA SPS 5 and SPS 6 wood products,
and Face-Glued/Finger-Joined Lumber “Vertical Stud Use Only” grade-stamped NLGA SPS 5 and SPS 6
wood products;

¢ modification of Table 6.6 to revise specified strengths for Hem-Fir beams and stringers;

¢ modification of Table 6.8 to include 38 mm x 64 mm (2 in x 3 in) dimension under the Tension
Specified Strengths;

¢ modification of Table 9.3 to add W24 rated oriented strand board (OSB);

¢ revisions to clarify shear resistance of members with notches;

e revisions to the Kz factor for sawn lumber;

* revisions to the application of system factor, Ky;

e corrections to the limit of the length of the notch on the compression side;

e updates to cross-laminated timber (CLT) terminology and symbols;

e deletion of shear form factor for CLT;

e revisions to maximum nail diameter for shearwalls, and new references for nails;

¢ revisions to diaphragm configuration diagrams;

¢ revisions to N, for shearwall and diaphragm;

¢ revisions to wood member thickness for nail and wood screw joints;

¢ revisions to Clause 11.9 for the design of CLT shearwalls and diaphragms for platform-type
construction;

* revisions to requirements and added references to dowels in various clauses;

¢ addition of Table A.22 for ASTM nails; and

e editorial revisions to Annex B, on fire resistance of large cross-section wood elements for clarity.

This Standard was prepared by the Technical Committee on Engineering Design in Wood, under the
jurisdiction of the Strategic Steering Committee on Construction and Civil Infrastructure, and has been
formally approved by the Technical Committee.
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This Standard has been developed in compliance with Standards Council of Canada requirements for
National Standards of Canada. It has been published as a National Standard of Canada by CSA Group.

Notes:

1) Use of the singular does not exclude the plural (and vice versa) when the sense allows.

2) 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 of the Standard to judge its suitability for their particular purpose.

3)  This Standard was developed by consensus, which is defined by CSA Policy governing standardization — Code
of good practice for standardization as “substantial agreement. Consensus implies much more than a simple
majority, but not necessarily unanimity”. It is consistent with this definition that a member may be included in
the Technical Committee list and yet not be in full agreement with all clauses of this Standard.

4) To submit a request for interpretation of this Standard, please send the following information to
inquiries@csagroup.org and include “Request for interpretation” in the subject line:

a) define the problem, making reference to the specific clause, and, where appropriate, include an
illustrative sketch;

b)  provide an explanation of circumstances surrounding the actual field condition; and

c)  where possible, phrase the request in such a way that a specific “yes” or “no” answer will address the
issue.

Committee interpretations are processed in accordance with the CSA Directives and guidelines governing

standardization and are available on the Current Standards Activities page at standardsactivities.csa.ca.

5)  This Standard is subject to review within five years from the date of publication. Suggestions for its
improvement will be referred to the appropriate committee. To submit a proposal for change, please send the
following information to inquiries@csagroup.org and include “Proposal for change” in the subject line:

a) Standard designation (number);

b) relevant clause, table, and/or figure number;
¢) wording of the proposed change; and

d) rationale for the change.
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CSA 086:19
Engineering design in wood

1 Scope

1.1 General

This Standard provides criteria in accordance with the National Building Code of Canada, for the
structural design and evaluation of structures or structural elements made from wood or wood
products, including:

a) graded lumber;

b) glued-laminated timber;

c) cross-laminated timber (CLT);

d) unsanded plywood;

e) oriented strand board (OSB);

f)  composite building components;

g) shearwalls and diaphragms;

h) timber piling;

i)  pole-type construction;

j)  prefabricated wood I-joists;

k) structural composite lumber;

I) permanent wood foundations;

m) plank decking;

n) nail-laminated decking; and

o) structural connections.

1.2 Exclusions
This Standard does not include design of timber bridges.

1.3 Design method
This Standard employs the limit states design method.

1.4 Terminology

In this Standard, “shall” is used to express a requirement, i.e., a provision that the user is obliged to
satisfy in order to comply with the standard; “should” is used to express a recommendation or that
which is advised but not required; “may” is used to express an option or that which is permissible
within the limits of the Standard.

Notes accompanying clauses do not include requirements or alternative requirements; the purpose of a
note accompanying a Clause is to separate from the text explanatory or informative material.

Notes to tables and figures are considered part of the table or figure and may be written as
requirements.

Annexes are designated normative (mandatory) or informative (non-mandatory) to define their
application.
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