


Hybrid Course Outline

1Module 1 Introduction — Limit states
2Module 2 Tension

3Module 3 Compression

4Module 4 Corrosion and Software
5Module 6 Beams

6Module 7 Beam Columns and Plate Girders
7Module 7 Steel Connections

8 Module 8 Composite Steel Design
9Module 1a Introduction to Timber

10Module 2a Design of Timber 2

This module series can be used with 379/4t year
steel design providing these listed topics are
discussed.

The module series takes approximately 4 50 minute
lectures. It is based on the construct of :

Chorlton, B., Mazur, N and Gales, J. (June 2019)
Incorporating Timber Education into Existing
Accredited Engineering Programs. 10th Canadian
Engineering Education Association’s Annual
Conference., Ottawa, Canada. 8pp.

This module can be used in the second year
materials curriculum
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Typical Timber Undergraduate Course Outline

Introduction

 Wood as a green building material '\%gécf)ogs%n
* History of wood structures /@
Physical and mechanical properties of wood

* Molecular and cell structure

* Physical properties

* Mechanical properties

Structural wood products & structural forms

Strength and modification factors

» Specified strength of wood, size, use, species and grades
* Modification Factors

* Shrinkage calculation

e Modification factors

F|re.Safety Red we will cover in module 1.
Design Process

* Limit States Design — Ultimate & Serviceability Limit States Blue is covered elsewhere in_ Steel Design.
Design of Tension Members Purple covered elsewhere in Module 2.

Design of Compression Members Diaphragms are not covered herein
Design of Bending Members
Combined bending and axial load

Connections
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Useful Reading Materials
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1. CWC. 2017. Wood Design Manual vol. 1 & 2. Contains CSA

086-14 with Updates 1 & 2. Canadian Wood Council. (Available
for purchase w/ student discount)

2. CWC. 2018. Introduction to Wood Design. Canadian Wood
Council. (Available for purchase w/ student discount)

Low-Rise Commercial Mass Timber Design
Example

3. Carla Dickof, Nick Bevilacqua, Reed Kelterborn. 2020. Low-
Rise Commercial Mass Timber Design Example. Fast + Epp,
Canadian Wood Council. (PDF is provided)
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Wood Design Manual

Ordering a Wood Design Manual
-Can be purchased from the Canadian Wood Council

https://webstore.cwc.ca/

-Student discounts available (see https://webstore.cwc.ca/student-promotion/)
1. Create an account or sign in at webstore.cwc.ca
2. Select your items (e.g., Wood Design Manual) and View Cart
3. Enter Coupon Code ‘Student’
4

Place your order — on the checkout page, upload an image of the front
and back of your student id card (alternatively, after placing the order,
email the images to orders@cwc.ca - your order will be on hold until
they receive this)

5. You will then receive an order confirmation
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https://webstore.cwc.ca/
https://webstore.cwc.ca/student-promotion/
https://webstore.cwc.ca/student-promotion/
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Introduction

* Wood is one of the oldest structural material for construction.
* There are approximately 30,000 species of wood.
* Civil engineering uses : natural wood and engineered wood.

* Wood is one of the most widely used building materials because of its:
* Natural beauty
* Availability
* Relatively low cost
 Ease of production
* Ease of use
* Low density
* Biodegradable
e Sustainable (e.g. renewable)
 Durability (if used properly)
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Response of Wood to Load

1 .
Stress Compression

Parallel to grain Perpendicular to grain Bending
Flexural tension
* o ‘ failure

Split i—t“‘;‘—:—_:_J —

* Tension ?

&

W Strain - ks —
T T T Split T__::—_::—_—_
Tension Compression

Compression Shear failure

. Farallel to grain
Tension g

= 7 7 7 Perpendicular to grain

e Brittle fracture

*The behavior of timber is based upon how load is applied to the orientation of the grain.
This is critical in how to maximize the performance of the material.
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Exercise: Response of Wood to Load

*As an illustration, obtain a bundle of paper straws. Bundle these and restrain on each end
an elastic. Now regarding the previous slide, apply force to the bundle by compressing at
both ends, then apply force perpendicular (the side of the bundle). This is no different to
how timber in general handles loading cases. Strong compression parallel to the grain,
Weak in compression perpendicular the grain. In this case the grain direction is the straw

length. This is an effect called Anistropy.
WOOd Canadian Conse?l /
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Response of Wood to Load compared to other common materials

STEEL CONCRETE woOoD

o Compression o, Compression oy Compression
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Classification of Wood

Softwood Hardwood
* Evergreen or conifers. * Deciduous or broad-leaved.
* Keeps needles all year round. * Leaves change color and shed in
the fall.

Softwoods Hardwoods

* Douglas Fir e Ash

* Redwood « Basswood

* Balsam Fir e Birch

* Eastern White Pine e Elm

e Sitka Spruce e Oak

* Eastern Hemlock ¢ Maple

e eftc.. e etc..

1\I‘P WQOO d Canadian  Conseil
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Softwood-Short Leaf Pine

WOOd Canadian Conse'il
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Hardwood-Black Cherry

WOOd Canadian Conse.il
SMART  Comi  autoe

Module 1 : Introduction to Timber




Softwood

* Conifers grow in large strands and mature rapidly, making them economical to
harvest.

* They also grow more uniformly than hardwoods making them somewhat more
homogenous (although they are still anisotropic!).

 About 20 different species of conifers are harvested in North America and these
are widely used in structural applications.

1\|~ ‘J)‘ WO O d Canadian  Conseil /
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Typical Species in Construction

Species combinations Stamp identification Species included in the combination

Douglas Fir-Larch D Fir-L (N) Douglas fir, western larch
Hem-Fir Hem-Fir (N) Pacific coast hemlock, amabilis fir
Spruce-Pine-Fir S-P-F Spruce (all species except coast Sitka spruce),

Jack pine, lodgepole pine, balsam fir, alpine fir

Northern Species North Species Any Canadian species graded in accordance
with the NLGA rules

W\I\w WO O d Canadian  Conseil
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Hardwood

* About 40 different species of trees are exploited commercially in North America.
Due to the relative expense of hardwood, its application is generally restricted to
the manufacture of furniture and decorative veneers. Very little hardwood is

used for structural applications.
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Structures you will encounter in Canada

 Most heritage structures in Canada still existing
today are made using timber. Typically hard
woods as these were in abundance at the time
of construction. So there is a necessity to
understand their construction.

By the late 1800s timber was recognized as
‘slow burning’ construction due to its size up
effect and a predominate choice of material in
industrial design such as mills.

* These structures are commonly in need of
understanding because of the adaptive re-use

aspects (commonly called brick and beam). | /
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Structures you will encounter in Canada

Scranton wrote in 1899 “ A Treatise
on Architecture and Building
Construction” volume 2.

The document exemplifies the
design process (Carpentry) of the
time and was the go to text book
for engineers building timber
structures in the late 19t century.

It is useful because it describes the
load paths efficiently of these early
structures and the explanation for
various design decisions of the

tlme. Module 1 : Introduction to Timber

A TREATISE

ON

ARCHITECTURE AND BUILDING
CONSTRUCTION

PREI‘ARED FOR STUDENTS OF
THE INTERNATIONAL CORRESPONDENCE SCHOOLS

Yolume 11

MASONRY
CARPENTRY
JOINERY

WITH PRACTICAL QUESTIONS AND EXAMPLES

First Edition

SCRANTON :
THE COLLIERY ENGINEER CO.

1899
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Structures you will encounter in Canada
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Structures you will encounter in Canada

e (Classical construction is either by braced, balloon framed
(assembled and locked versus nailed) or slow burning
construction (members enlarged).

* Slow burning construction is quite common to see in heritage
buildings (industrial, houses and barns)
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Structures you will encounter in Canada

* Typical sizing to expect per below

Hgllrlmln-l’r:nu- llialll«‘:m-l’ramcl Hraclcld-l-‘r{mcf iira]c?d-l"r:)nmc |
ilding Not | Building Over | il r No ilding Ove 5 A g
Over 1,500 1.500 Sq. Ft. B}l)lvelr"f',sm " | 1500 5. Ft, | Slow-Burning Construction.
Sq. Ft. Area. Area. Sq. Ft. Area. Area.
(2" Xx4" R" X 6" "X 6" sz”XG’
Corner posts...... - and < and < and t and 10" X 10
(4")(:?' ‘ (!;"x.\'” )‘4"><S"’ ; (G'XS"
) R R A U N N 5 4" % 10" 4" x 10" 6" x 10"
Rlate 7 o st 87 3¢8% - W R IO 6" % 8” 6" x 10" 6" % 10"
Interties . ........ ‘ 47 5¢8Y ) 8N aT 8" % 10”
Ledger boards. ... 1" x 4" 14" X 4*
Double studs..... e < R (R B 4" X 6" ‘ 6" %X 6" 2" or 3" plank
Single studs. ... .. AT 2 XE "X 4" 4" X 6"
Ly R AR A e & R N 1 g £ 08T sl X8 6" x 8"
Sheathing........ Tl 2 W B Y L ol 4L A NP TS 1}" plank, 2 thicknesses
Rough floor..... - S R et g g3 AR R G 3" to 4}" plank
Finished floor. . . .. x4 | x4 " x4 . ¥ x4 $" to 14" plank
(27x8" | (8"X9" (87 x8" (3" x9"
Floorbeams.......| < to 5100 to { ¢ Jto 4" X 6" to 10" X 12"
(3" x10" | (3°x12" | I87%x12" | {8"x12"
A |l WOOd Canadian  Conseil
Module 1 : Introduction to Timber ]iH

SMART ot ausos.



Structures you will encounter in Canada

e Safe guards against decay

Dry Rot in Timbers. — In describing the construction of a
modern slow-burning mill building, attention has been ecalled
to the necessity of boring 1i-inch holes through the centers of
wood columns, also to the fact that such columns should not
be pa,inted until thoroughly seasoned. This is to prevent dry
rot in the timbers — a decay or disease which may cause serlous
failure, as is proven by the sudden collapse of a factory buildin
in New York City, after a fire in the building in questmn Was
well under control by the fire department. An examination made
by Prof. Ira H. Woolson demonstrated the fact that the collapse
resulted from dry rot which had seriously weakened the wooden

columns. ._
4‘\. “ : WOOd Canadian  Conseil /
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Structures you will encounter in Canada

e \Vancouver .
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Structures you will encounter in Canada

* Toronto

Module 1 : Introduction to Timber
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lllustrative example to try on your own

The following figures illustrate the load deflections of four heritage

(Spruce) beams taken from a building constructed in 1880 in Cornwall
Ontario.

On the basis of these beams performance under applied load (four point
bending, equi distance application of load, 1m total span), and assuming
that the timber was also locally harvested softwood in Ontario, estimate

the appropriate grade of these beams on the basis of this strength alone
with proper reference to the handbook.

Assume each beam was bored at the centre of typical diameter through
its entire length. State all limitations to your grading estimate and show
relevant calculations to justify your grading estimate decision

Module 1 : Introduction to Timber




lllustrative example to try on your own

Load (KN)

350

300

250

200

150

100

50

Beam 1 (190x190mm)
= = = Beam 2 (190x190mm)
Beam 3 (290x240mm)
Beam 4 (300x270mm)

-
—-
—4d

0 5 10 15 20 25 30
Deflection (mm)

You have to be careful in re-using wood in other applications, as you
need to have a confirmed grading associated to the members

WOOd Canadian Conse'il
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lllustrative example to try on your own

Load (KN)

350

300

250

200

150

100

50

Beam 1 (190x190mm)
= = = Beam 2 (190x190mm)
Beam 3 (290x240mm)
Beam 4 (300x270mm)

-
—-
—4d

0 5 10 15 20 25 30
Deflection (mm)

You have to be careful in re-using wood in other applications, as you
need to have a confirmed grading associated to the members
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lllustrative example to try on your own

Some Hints:

Table 6.2.2.1
Visual grades and their dimensions

Smaller dimension,

Larger dimension,

Grade category mm mm Grades
Light framing 38 to 89 38 to 89 Construction, Standard
Stud 38 to 89 38 or more Stud
Structural light 38 to 89 38 to 89 Select Structural
framing MNo. 1, No. 2, No. 3
Structural joists and 38 to 89 114 or more Select Structural
planks MNo. 1, No. 2, No. 3
Beam and stringer 114 or more Exceeds smaller dimension  Select Structural
by more than 51 No. 1, No. 2
Post and timber 114 or more Exceeds smaller dimension  Select Structural
by 51 or less No. 1, No. 2
Plank decking 38 to 89 140 or more Select, Commercial
Table 6.3.1C
Specified strengths and modulus of elasticity
for beam and stringer grades, MPa
Compression
Bending Perpen-  Tension
) at Lonlgl— Parall.el dlcula.r parallel Modulus of clasticity
Species extreme Jtudinal tograin, to grain, to ‘
identification  Grade fibre, f3* Jshear, fi, [ fop grain, fi  E* Egs*
D Fir-L SS 19.5 1.5 13.2 7.0 10.0 12 000 8 000
No. 1 15.8 11.0 7.0 12 000 8 000
No. 2 9.0 7.2 33 9 500 6 000
Hem-Fir ) 14.5 1.2 10.8 4.6 7.4 10 000 7 000
No. 1 1.7 9.0 5.2 10 000 7 000
No. 2 6.7 5.9 2.4 8 000 5500
Spruce-Pine-Fir ~ SS 13.6 1.2 9.5 5.3 7.0 8 500 6 000
No. 1 11.0 7.9 4.9 8 500 6 000
No. 2 6.3 5.2 2.3 6 500 4500
Northern SS 12.8 1.0 7.2 3.5 6.5 8 000 5500
No. 1 kg(gu . C;gj : 4.6 8 000 5500
Ne. 2 Mqdule If: Introdud}ipn to Timber 5 6000 4000

)Od
1ART

Canadian
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lllustrative example to try on your own

. . [ ] * =
* Beam 2: 0=21.9 MPa
Specified strengt{lz];lﬁg'i;gulus of elasticity * Beam 3: 0= 12'4 MPa
for beam and stringer grades, MPa
Compression * Beam 4: oz 11-5 MPa
e S i g g, 0 oo Based on these results for bending and specified strengths from Table
S 15 s Bz 70 100 1200 800 6.3.1C, the timber is close to Select Structural in grade
T e Y s MG ww cw e Alternative method could have theoretically used total deflection;
spcePnefic 516129583 70 B0 60 however deflections reported from loading actuators may have low
men s w10 72 s es w0 s accuracy and linear potentiometer below the beam was at an angle.
Therefore using deflection for this analysis may not give representative
results.

This is an illustrative example, we will come back to grading,
selection and mechanics in future modules. The point is, the timber
is often very good quality in these buildings if it is taker.care of. /

WOOd Canadian  Conseil
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In comparison to modern counterparts

* |n this example, a structure built in
1930 had its members compared in
bending to contemporary glulam
members

« Members were lightly fire exposed
(return at Module 10)

e Heritage Control - 180 x

180 mm Beam Dimensions Char depth

. (mm) (mm)
® Heritage Charred - 180 x 185x185 2271

180 mm Pine
- Pine 185x185 26.27
Heritage Charred (with

Douglas Fir 175x190 15.83
crack) - 180 x 180 mm

Douglas Fir 175x228 16.69
@ Glulam Control - 175 x 230
mm

- @ Glulam Control - 175 x 190
0 | . mm

0 10 20 30 40
Deflection (mm) w\m WOO d Canadian  Conseil /
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Modern Construction - Light frame

Multi-story apartment under construction Single family house
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Modern Construction - Light frame

These lumber members are spaced closely together in a load-sharing arrangement to
afford structural resistance. In this configuration the main structural member is the
lumber, the secondary members are the sheathing (in module 6 we will discuss the
additional role of sheathing for integrity). Members are connected by fasteners,
usually nails. This configuration gives a high strength-to-weight ratio.

There are two types of framing Platform and Balloon:

Platform: the floor assembly is built separately from the wall, and is a working surface
for next floor.

Balloon: exterior walls (studs used) are continuous from the foundation to the top
below the roof framing

M | | WO O d Canadian  Conseil /
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Modern Construction - Light frame

e Platform frame construction
* Advantages:
* Ease of construction
* Disadvantages:

Truss (or rafter)

Roof sheathing

* settlement issues with shrinkage and

structural deformation

eriding e Balloon frame construction

Load bearing
Top wall plate interior wall ° Adva ntages.

Floor sheathing e Less settlement issues
Built up beam b DlsadvantagESZ

snap?:: ! Sil plate * Requires longer studs
anchor bolt

Joist > Sill plate * fire-stopping considerations
’_ Rim joist

Bottom wall plate

Wall sheathing

Al
Al
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Modern Construction - Heavy (Post and Beam construction)

\A Girder
Knee
brace
Timber members spaced far apart. in a non
feking load-sharing arrangement.
Main members are usually connected with
fasteners, e.g. steel dowels, bolts and lag
— Column
screws, and steel plates.
— Beam
Purli :
o Secondary members often are designed as
stand-alone members e.g. purlins,
desking floor/roof decking
Diagonal
brace

Module 1 : Introduction to Timber
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Modern Construction - Mass Timber

Panelized construction for floor, wall,
elevator shaft and roof. Common to see CLT
/NLT

Hybrid formulation allows longer spans to be
achieved compared with mass timber panels
alone. The material used will be the same in
whole building

CLT paneling combined with glulam

—
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Modern Construction - Hybrid

CONCRETE
TOPPING SLAB

SLAB
REINFORCING

COMPOSITE
FLOOR SCREW

(Liz Brown)

Concrete Podium and core, with CLT an glulam Steel frame and timber floor  soum 2017)

(Brock commons)
’MIF WOOd Canadian  Conseil /
: i i ! Wood di
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Modern Construction - Hybrid

Steel column and timber floor Steel truss and timber roof

WOOd Canadian Conse'il /
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An emerging trend:

Brock Commons, BC, 2018

i WOOd Canadian Conse'il /
B SMART et arvai

(Will Pryce)

9-storey, Murray Grove, London, 2009
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An emerging trend: Addressing the ‘Missing Middle’

Some city’s will either have high rise, or small Torontoareaoustng markethasa Tistng

middle, new report says

dwellings, not structures in between. Do @e®

With experience, construction can be more
facilitated in more densely built regions. This has
an advantage for prefabricated structures and
scheduling. With advances in Building
information Sciences, and advancements in mid
rise clauses in codes to allow these structures
there is much potential for mid rise timber

This allows cities to meet favorable sustainabity

objectives
A\ \ 1 WOO d Canadian  Conseil /
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Lifecycle

Building Demolitions

Generally speaking if a timber -
building is well cared and

maintained (which we will discuss e e
how in this course) the final life of : i
the building will exceed that of : W
steel and concrete. g

&
Shown here are compiled statistics =
illustrating building demolition o
related to the predominate e SR eI ke

Age groups in years
Survey on Actual Service Lives for North American Suildings - FRinnovations - Forintek Division

material contained.

2
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Environmental Sustainability

Is the practice of using of a renewable recourses
at a rate that allows it time replenish

Wood products provides the building sector with a
renewable option compared to steel and concrete
which both come from finite sources

However, wood is only sustainable if harvested
responsibly, with considerations given to
reforestation and protecting eco systems

Old Vines Restaurant at Quails’ Gate Estate Winery

Harvesting legislation and standards are used West Kelowna, BC
throughout Canada to ensure the practise stays

S u Sta I n a b I e 1\“ ‘I)' WOO d Canadian  Conseil
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RIVErs):
part of a system Streams

In addition to being home for
wildlife, forests have multiple uses
which need to be considered to
ensure they are not also disturbed

Training and outreach are also part

of sustainability to ensure there

will be a skilled workforce for Forests are part of a complex system
future generations with multiple stakeholders

'/ﬁ-‘ I‘;;'}‘l WOOd Canadian  Conseil /
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Social Sustainability
Wildlife
Looks at the human interaction
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Principle Planes of Wood

e Wood has 3 axes (X-longitudinal, R-radial and T-tangential).

e Anisotropic material (strongest in the X-direction, Rand T
strength vary slightly).

e Different species poses different strength due to their
anatomical variations.

Radial .

Longitudinal Tangential

Anisotropic nature of wood affects mechanical

properties such as shrinkage, stiffness and strength.
A 'ﬁ' WOOd Canadian  Conseil
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Parts of a Tree Trunk: Macro-Structure

Outer Bark
Inner Bark

Outer bark
* Protects the wood from insects, extreme temperatures
and injury.

Inner bark
* Allows sap movement down the tree.

Cambium
* Produces new wood cells on both the inside as a
growth ring and outside, as the inner bark.

www.techitoutuk.co

Sapwood and heartwood
* Both make up the wood section of the tree.

LCambium cell layer
Sapwood

Heartwood

;?\';.“;3-}-‘ WOOd Canadian  Conseil
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Wood Macro-Structure

Sapwood transports the sap up the tree.

* Lighter color.

* Has living cells.

* Not durable, may decay.

* Over a period of time sapwood becomes heartwood.

Heartwood provides mechanical support to the tree.
» Darker color (not all species).
* Is not a living part of the tree (contains dead cells). Bark Sapwood

* Resistant to decay. ('c'j'ea;twoog)
ead woo

* The pith is located at the centre of the trunk and is a small cylinder of primary
tissue around which the annual rings form.

q\lw. WO O d Canadian  Conselil /
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Wood Growth Rings

Growth rings (tree or annual rings):

e Occurs in seasonal climates.

* Produced by the cambium in a single growing season.
* Wood produced at beginning of growing season is different
than later in season.

atewoo Latewood
Can calculate the age of a tree: L %’“Mﬂ'ﬂ@d
1 early wood (light color) ring +1 late wood (darker color)
ring =1 year’s growth. !
* But in tropical regions, growth rings are indistinct.
s
[ n

53 I

Growth direction —————
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Softwood (left) ; Hard wood (right)

Trees can absorb 2 tonnes of CO2 to create 1 tonne of their own mass. In the spring,
they add large cells to carry water up the trunk for quick growth. In the summer, the
cells become smaller as the emphasis changes to producing wood for strength.

WOOd Canadian Conse?l /
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Pore Distribution

* Wood is made up of millions and millions of tubular cells bound together.

* Majority of cells oriented vertically in the tree. Ray cells run radially from the
center to the outside of the trunk. Used for storage and horizontal transportation
of water/sap; think of it like a vein.

Softwood: pore distribution is more uniform than hardwoods (e.g. Pine)
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Scanning electron micrograph (SEM) showing microstructure of pine wood.

WOOd Canadian Conse'il
SMART  Comi  autoe

Module 2: Physical and Mechanical Properties




Pore Distribution

Module 2: Physical and Mechanical Properties
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Pore Distribution

Hardwood:

* Ring porous: for the same growth ring, early wood has larger diameter vessels than
late wood.

 Semi-ring porous: the vessel diameters have a gradual change from early wood to
latewood.

e Diffuse porous: have a uniform vessel diameter across the growth ring.

W& ’r ’ gi {
b Q
R

Ring porous  Semi-ring porous  Diffuse porous
(White oak) (Walnut) (Yellow poplar)
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Wood Micro-Structure

The longitudinally aligned cells are called tracheids in softwoods and fibers or vessels in
hardwood. These cells are responsible for mechanical support and the transport of water &

sap.

Eastern Spruce

* Tracheids have a hollow center
closed at the ends and openings
(pits) in the sidewall.

uuuuuuu

Latewood Earlywood

* Vessels form a pipe-like conducting tube.
* Fibers for mechanical strength not fluid

transport.

Module 2: Physical and Mechanical Properties
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Chemical Composition of Wood

Wood substance is composed of:
* Cellulose (micro-fibrils):
* 41-55% on a dry weight basis for both softwoods & hardwoods.
* Provides tensile strength.
* Lignin (matrix):
* 23-33% for softwoods.
* 16-25% for hardwoods.
* Binds the wood cells together.

* Provides rigidity and compressive strength.
* Hemicellulose (matrix):
* 23-30% for both softwood and hardwood.

* Binds the cells together. |
' . ' 71\';.““‘1} WOOd Canajian Conse'il
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Moisture Content (MC)

* Moisture content is quite
important to how the wood
retains mechanical properties
and undergoes very specific
dimensional changes

* This can be very controlled
during construction if proper
care is taken.

Moisture Contant Clulam
of Manufactuned manufacture &1~ 159
Wood Products

- Plowood, OB,
fo- T29) PEL and LWL manufactes

- T range for tim, finish,
{6 - 8% and furniture products

T T T T T
0% 6% B 1536 1849 2890

Parcant Maoisture Contant
Moisture Contont
T fiar
of Lumibar & Dy kil diry b 15~ 15%) Softwood lumiber
considesed gresn,
wel or unssasanad
S-Grn at time of surisding (= 19%) B g
I T T T T T
[a2 o3 B 155G 18% ZEY
Parcant Maoisture Contant
h-}uistura Content . ;_nme'-'ﬁbu-
o ||||ﬁ:“}:| BT O ari in
Fibwr Satmtion the woids of the cells
Paint {appeoa.) \
e )
wiler ik =
cell walls l(__f—*f i . (l
i | 5
e |
T T T T I
(529 % 3% 15% 5% 28%

Perent Moistura Content

Wood Gall Moistura OvenDvy Cell Fibee Bonund Water
@ mcmﬁ n MQH

516 B-":I'E- I:HG 15"!’5-
F‘an:ant Moisture Contant

Ralativa Shrinka i width and thickress i
B e e TR —

///

_____,_—'—
___I_I_ T T T
[a2. .ﬁﬁ B 155G 18%: B Conseil
Parcent Moisture Content
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Moisture Content (MC)

Newly felled trees contain bound and free water.
Wood is said to be at its fibre-saturation point (FSP) when no free water in cell

cavities, but the cell walls are saturated (e.g., 21-32% MC)-avg. 28%.
e If MC > FSP, wood is dimensionally stable (bound and free water).
* If MC < FSP, shrinkage occurs (bound water begins to evaporate).

Wood must be seasoned before it is suitable for structural use.
Achieved by forced air kiln-drying or by natural air-drying.

i{\'; “‘;P WOOd Canadian
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Moisture Content (MC)

MC% — initial wt.— oven dry wt. <100
oven dry wt.
Bound Water
. . %k :
Oven-dry = wood dried at ~100°C, - Sl
until there is no weight change. : Free Water\ -

Saturated cell
wall, 28% MC
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Seasoning

* Framing lumber is seasoned to an MC of 12-15%.

* Air seasoning: lumber dries naturally, the process can take 3 to 4 months.

* Kiln seasoning: Warm air circulates through the pieces of lumber at 20 to 50°C, 4 to
10 days.

Natural drying Kiln drying

Drying lumber to an MC content it will experience in service minimizes change in dimensions
(interior of buildings in Canada rarely exceeds MC of 12%).

;::\ﬁi;:*,.lrl WOOod Canadian  Conseil
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Seasoning

* During seasoning there is no volume change in the wood until the MC drops below
the FSP (~28% MC).

* As the cell walls release moisture, the wood shrinks.

 Amount of shrinkage depends on orientation of grain.

Shrinkage %

Tangential
shrinkage

R ks ity

A TR GNP PP N

W
1
i
1
'
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1
1
1
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1
1
I
:
1

)
]
1

Radial shrinkage
L.engthwise shrinkage = -

- . . s L L

B T T

[ .- MR RS | _:"-....

o 6 10 14 18 22

26 . 30
Moisture Content of Wood (%) 1— FSP
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Shrinkage

Wood shrinks during drying:

* Very little along the grain (longitudinal direction)-considered negligible.
e Largest in the direction of annual growth rings (tangentially) and 1/2 as
much across growth rings (radially).

* The difference in shrinkage between the radial and tangential directions
can cause distortion (warping, twisting).

\ Tangential shrinkage-along growth rings
S Radial shrinkage- across growth ring

Extent of distortion depends on how the timber was cut in relation to the

grain.
;?\';.“;3-}-‘ WOOd Canadian  Conseil
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Effect of MC on Mechanical Properties

* Moisture content also affects the engineering properties of wood.
* Variation of a number of properties with MC is shown below.
* Properties of wood are highly sensitive to moisture condition.

T T

— Impact strength

—
[l
o

Fibre saturation point

Modulus of elasticity

oo
o

Modulus of rupture

D
Q

Crushing strength

% Strength at 12% Moisture Content

£
[}

15 20 25 28 30
Moisture Content of Wood (%)

-
3*]

Structural wood recommended moisture content 12-15%.
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Typical Swelling/Shrinkage of Wood Species

Species Tangential Radial

(%) (%) :

13‘::4' RADHaL

American Elm 895 4.2 f ?_ _________ L =
Sugar Maple 9.9 4.8 / /, — A= l-&
Black Oak 11.1 44 // /// / -
Red Oak 8.9 42 / 9% 2
White Oak 10.5 5.6 ey T"” | L
Black Walnut 7.8 55 | | ] L
Yellow Poplar 8.2 46 T III I | 'u ||] .'
Black Cherry 7.1 a7 NN AR
Sweetgum 102 5.3 | ’ | J et 1] !
Eastern Redcedar 47 3.1 : , BN R
Western Bedoedar 5.0 24 i ‘ ! , : Iy g
White Fir 7.1 3z ‘ N .
Eastern Hemlock 6.8 3.0 J Lo b
White Pine 74 4.1
Ponderosa Pine 6.2 39 Vi
Redwood 45 25
Spruce 75 4.3 .
s o b Swelling of a wooden
Ramin 87 3o bIOCk in 3_D
Teak 4.0 22z
Mahogamy 8.1 37

* Shrinkage (SV) from green to oven dry.
* Tangential and radial shrinkage (or swelling).

il )‘ WOOd Canadian  Conseil
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Dimensional Change

Dimensional change can be estimated using the following equation:

DC = 0D x SV x (CMC = FSP)

DC, dimensional change

OD, original dimension

CMC, change in moisture content

SV, shrinkage from green to oven dry moisture content (table or given)

Dimensional change can be expressed as a percent:

Initial dilmension or volume

Shrinkage or swelling % = {n Change in dimension or volume  *100 }
I
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Wood Decay

* Caused by a form of plant life known as fungi, which feed upon the wood
substance (cellulose & lignin) of the cell walls.
* Wood-destroying fungi require:
* Adequate moisture content (20-60 %).
 Supply of air to furnish oxygen.
* Favorable temperature (20-30 °C).
* Food.
* At moisture contents below 20%, growth of fungi is completely inhibited.

EFFECTS OF TEMPERATURE
ON FUNGI GROWTH

Decay organisms thrive in a wide range
of temperature, but develop best at
around 27°C. At low temperatures they
become dormant but resume activity as

27°c 35%¢

TEMPERATURE temperature rises.
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Wood Decay
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Pressure Treated Wood

* Decay is prevented by treating wood with preservatives.
* Properly treated wood has 5 to 10 times the service life of untreated wood.
* Treated lumber has a shell of preserved wood surrounding an untreated core.

=

Untreated shell

Treated shell

Pressure treated wood-interior is never
fully infiltrated

e.g. If cut a piece of pressure treated wood to make a fence or porch post and cut ends are
not protected with preservative or paint the interior of the wood post canrot.

;?\';.“;3-}-‘ WOOd Canadian  Conseil
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Pressure Treated Wood

* Pressure treatment is applied to wood by injecting chemicals under pressure
into the wood cells (forced penetration of the chemical).

* This is more effective than surface application (brushing, spraying or dipping).

* The process provides a shell which is toxic to fungi and insects.

;?\';.“;3-}-‘ WOOd Canadian  Conseil
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Pressure Treated Wood

Wood preservative chemicals:

* Until 2004 chromated (funghicide) copper (binding agent) arsenate (insecticide)
(CCA) was the chemical used-found to be toxic- banned for residential use. (why
you don’t see as many wooden play grounds anymore)

* CCA replaced by amone copper quat (ACQ)-contains copper as the primary
fungicide and a quaternary ammonium compound (‘quat’) as the secondary
fungicide. Suitable for inside residential buildings, patios or decks, its clean, odor
free and paintable.

* Creosote (coal tar derivative) and Pentachlorophenol are most suitable for
contact with ground (e.g. utility poles, railroad ties and wharf pilings).

Al WOOd Canadian  Conseil
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Pressure Treated Wood

* Precautions with pressure treated wood:
* No arsenic-based treatment allowed in residential construction.
* Avoid inhaling sawdust during cutting of wood.
* Wash hands after handling.
* Treated wood should not be burned-produces toxic chemical-landfill disposal is
permitted.
* May promote corrosion in steel fasteners.
* Creosote or pentachlorophenol should not be used:
* Indoors (interior of residential or commercial buildings).
* Where intimate human contact may occur (furniture or deckings).

Railroad ties being unloaded from a
pressure treating cylinder

1\IW‘ WO O d Canadian  Conselil /
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Measuring Moisture Content

* Several different methods with various degrees of accuracy and interpretation. Most follow
the below procedure

MC (%) = mass of water in wood

x 100
mass of ovendry wood

* Other methods include consideration of electrical resistance this tends to have a higher
degree of inaccuracy (3-5%) owing that surface conditions will not reflect interior conditions:

g loglsmark High Speed Production
2 "‘im_ technologies may assume
< Infrared/radio
i —_— frequency/microwave
o ~— —=—— technologies.

Percent moisture content al . .

) Canadian C |

(Source: Glass and Zelinka 2010) . . . ]\.'1:;:.“ WO O d I onse!
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Example

A stud had dimensions of 38 mm x 89 mm x 2.438 mm and a moisture
content of 150% when it was prepared. After seasoning, the moisture
content was reduced to 7%. If the tangential, radial and longitudinal
directions of the grains are on the same order as the dimensions indicated
above, what are the dimensions of the seasoned stud if the moisture-
shrinkage relation follows the below figure. Assume the FSP is 28%.

10 -

Tangential

Radial

Shrinkage (% of grean dimension)

Fiber
/s;turanon
\ | Point

= !
0} 10 20 30
Moisture content, % Al WOOd Canadian  Conseil
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Example

The changes in dimensions are due to the reduction of
moisture below the FSP. From Figure 1 the percentage of
shrinkage due the changes of moisture from 28% to 7% are as
follows: tangential = 6 %, radial = 3.1 %, and longitudinal =
0.23 %. The new dimensions will be:

DC =0D x SV x (CMC =+ FSP)

,11-;; ‘}‘ WOOd Canadian  Conseil
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Example

Tangential:

DC=38 mm x 0.06 x [(28 -7) + 28] =1.71 mm < of
Change in dimension =38 mm —1.71 = 36.29 mm )
Radial: 3 °[
DC =89 mm x 0.031 x [(28 -7) + 28] = 2.06 mm
Change in dimension =89 mm — 2.06 = 86.94 mm 5.

Longitudinal:
DC =2.438 mm x 0.0023 x [(28 -7) + 28] = 0.0042 mm
Change in dimension = 2.438 mm —0.0042 = 2.433

mm

,11-;; ‘}‘ WOOd Canadian  Conseil
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Test Specimens of Wood

f v
2 f Al | |
I i — 0
"“' “‘:::fi‘ e 7_,;/7_ ”
| ' | T
| :
| @ (b) (c) (d) (e)
I é
i Tl
I i |
1/l ——— e S—
* - ‘/‘/1 [Tv—:: — ——————— -A*
(f)

(a) Tension parallel to grain, (b) tension perpendicular to grain, (c) compression
parallel to grain, (d) compression perpendicular to grain, (e) hardness
perpendicular to grain, (f) hardness parallel to grain, (g) bending

ASTM D143 provides methods for various tests on wood specimens.

;\'\Ti.:‘w}-‘ WQOO d Canadian  Conseil
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Compression parallel: Com prESSion Strength

* Each cell acts as a hollow column, braced against buckling by neighboring cells.

L [ O I

—_—
‘Q“WoodCell
ettt
[

Compressive strength 30 to 70 MPa for common structural species (Concrete is about the same).

Compression perpendicular:

COMPRESSION L b

IIIRa)’] l T T Ray T I

OO0 T

Wood Cell I T T ] I
Compressive strength 3 to 7 MPa for common structural species. -, B \\/c0 Coradion Comee] /
1l Wood nadien
m S M A RT Council ;?J t?oi:

A
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Tension parallel: Tension Strength

* Stress concentration effects of holes, notches and cuts must be considered.

TENSION ||

Tensile strength 70 to 150 MPa
for common structural species.
(steel can be about 400 MPa)

N WoodCell

Tension perpendicular:

* Relatively weak in tension perpendicular to grain, but wood is rarely loaded in that
manner.

TENSION _L

Tensile strength 2 to 9 MPa for
common structural species.

WOOd Canadian Conse?l /
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Bending: Bending and Shear Strength

* Very strong in bending along the grain.

BENDING _ |___> Compression <:)

DEFLECTION

..................... g o

- >

<:|Tension [:>
Flexural strength 40 to 100 MPa.

WOOD CELL

Shear:
* \Very strong in shear perpendicular to the grain (vertical shear), but relatively weak in shear
parallel to the grain (longitudinal shear).

Parallel to grain

Perpendicular to grain @

—
LONGITUDINAL SHEAR

Shear strength parallel to the grain
R is in the range of 5 to 15 MPa.

Canadian  Conseil
Wood canadien
Council du bois

Module 2: Physical and Mechanical Properties




Anisotropic Axes of Wood

Wood is an orthotropic material with very different properties in
different directions; we define three principal axes as follows:

Longitudinal axis (L) -parallel to direction of growth.
Radial axis (R) -perpendicular to growth rings.
Tangential axis (T) -tangential to growth rings.

;*\fi.:“_ﬁ“.}.‘ WO O d Canadian  Conselil /
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Testing in

q’ﬁ

radial direction
—>

Testing in
tangential
direction
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Importance of Cutting Direction
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Conversion of Logs to Lumber
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) QGrain exposure
* Flat sawing: P

* Is quick and economical (e.g. framing lumber).
* Has grain exposure, desirable for decorative applications.

* Quarter sawing:
* More complex and usually more wasteful.
* More dimensionally stable (e.g.used in high grade flooring).

rl WO O d Canadian  Conseil /
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Types of Board Cut

Three types of boards produced:

] Vi 111 Grain side
(a) (b) (c)

(a) Flat sawn lumber: (grain) angle is less than 459.

Quarter sawn lumber: angle is greater than 452 and is divided into two
types:

(b) Rift sawn: angle is 452 to 80¢9.

(c) Vertical or edge sawn: angle is 802 to 90°.

Flat sawn

Quarter sawn

;1\'; “;‘;}-‘ WOOd Canadian  Conseil
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Types of Defects

* Size & location of knots-remainder of a branch.

* Amount of wane-bark remnant left on the edge of the board.
* Size of shakes-lengthwise separation in the wood that occur between annual rings
(can be caused by strong wind prior to harvest).

* Size of checks-ruptures in wood along the grain,
caused by uneven drying of wood.

www.artsandcraftscollector.com

Shake

Tight knot Loose knot Check
Wane

1\I“}‘ WOO d Canadian  Conseil /
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Types of Defects
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Dimensional Shapes

Dimensional lumber
 Available sizes are (inches): 2 x 2 (“two-by-two”), 4, 6, 8, 10, 12
3x3,4,6, 8,10, 12

4x4,6,8,10,12 ,

 Available in lengths of 8, 10, 12, 14 & 16 feet. , M
* These sizes refer to the rough-sawn sizes in inches. Planing (dressing W/#/
surface) removes 5 to 10 mm (3/8-in.) per side. Thus a section with x\\k\\
nominal dimensions of 2 x 4 inches (50 x 100 mm) actually has finished T\m%ﬂ?
dimensions of 1% x 3% inches (38 x 89 mm). v////%/
A\

L)) e

www?2.sunysuffolk.edu
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Grading

* Final step in wood production involves grading the lumber.

* Pieces of lumber are graded by visual inspection or mechanically (MSR).

» Grades identified according to size, location and number of knots, grain texture (slope), wane,
shakes and checks.

Visual grading:

* The inspector gives the lumber a grade based on quality.

* Each specie of wood has a pre-defined table for relating the assigned
grade to the allowable stress.

The National Lumber Grades
Authority (NLGA) for Canadian

lumber.
Visual grading-accomplished by certified graders. Al Y¥lelelo Canadian Coneell
A A
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Visual Grading

TABLE 10.4 Example of Design Values of Eastern White Pine'*

Design Values,? psi

Tension Shear Compression Compression Minimum
Grade Size Parallel to Parallel to perpendicular Parallel to Modulus of Modulus of
Designation Classification Bending® Grain Grain to Grain Grain Elasticity  Elasticity
Select
Structural 1,250 575 135 350 1,200 1,200,000 440,000
No. 1 775 350 135 350 1,000 1,100,000 400,000
No. 2 2" & wider 575 275 135 350 825 1,100,000 400,000
No. 3 350 150 135 350 475 900,000 330,000
Stud 2" & wider 450 200 135 350 525 900,000 330,000
Construction 675 300 135 350 1,050 1,000,000 370,000
Standard 2"-4" wide 375 175 135 350 850 900,000 330,000
Utility 175 75 135 350 550 800,000 290,000

Grade designation:

Select Structural -highest strength and quality appearance

No. 1, No. 2 and No. 3 -most commonly available timber for structural application (e.g. trusses, rafters
and joists)

Stud -principle use is in vertical wall members

Construction, Standard and Utility -permitted for use only where strength is not important-for general
light framing (e.g. sill plate and blockings)

;‘; }‘ WOOd Canadian  Conseil
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Visual Grading

*After logs are sawn into lumber, a lumber inspector examines each piece individually and
assigns a grade which is then marked on the piece.

* A grade stamp indicates the grade marking agency, species group, assigned grade and
method of manufacture, such as surfaced green or dry.

Grading agency:

Canadian Lumbermen’s CI?A 1 00<— Mill identification number
Association

SPRUCE PINE FIR—— SPecies group: Spruce-Pine- fir
Assigned grade ” NO.1 S-DRY-— Moisture content:

Surface dry

S-P-F: Three species have been grouped together because they are
equivalent in appearance and performance.

Al WOOd Canadian  Conseil
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Machine Stress-Rated (MSR)

In a MSR machine:

* The wood is first visually inspected for imperfections/defects.

* Then subjected to a mechanical bend stress. Computer automatically determines the
modulus of elasticity and bend strength of lumber.

* The lumber can be processed at speeds up to 365 m/minute, including being stamped

with an MSR grade mark.

data from load cells
and sensors to
calculate stiffness

Lcad cell 1 for

Appropriate stress
=—To) e O o rating is affixed to

......... e exiting lumber after
visual check

B OLO)

Sensor 2
Sensor 1
Load Cell 2
Entry of surfaced for negative bending

lumber to the
testing machine
is coentinous

Schematic of mechanical evaluating equipment for MSR lumber.

Al WOOd Canadian  Conseil
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MSR-Grading Stamp

!
A.F.P.A2 0% §-P-Fe

MACHINE RATED S-DRYe

211QOf 1.8E-

A.F.P.A—> Alberta Forest Products Association
2100f—>allowable bending stress is 2100 psi
1.8E—2> modulus of elasticity is 1.8*10° psi

Module 2: Physical and Mechanical Properties

Grading agency

Mill identification
Species group
Moisture content
Calculated modulus
of elasticity

Predicted ultimate
fiexural strength

MACHINL RATED

5400 Fb 2.0E
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Modification Factors

* Specified strengths should be multiplied by the following factors:
* Load Duration Factor, K
* System Factor, K,
* Service Condition Factor, K
* Treatment Factor, K;
* Size Factor, K,

e.g. For Bend strength: F,= f, (Kp Ky K¢ K K);
where;
F, = factored bend strength (MPa) Other formulas exist for:
f.= bend strength of the timber (MPa) * Shear

* Compression
For Es = E (K¢ Ky) * Tensile strength, etc..
Es= Factored modulus of elasticity (Mpa)

f}-\'; ‘} WOOd Canadian  Conseil
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Modification Factors

Duration of Load Ky: (more explanation in Table 5.3.2.2 of CSA 086-14)

Wood has the ability to carry short-term loads of a higher magnitude than those it will
support for a long time.

Ky =1.15 Short term loads (wind, earthquake, impact).
K, =1.0 Standard duration (snow, occupancy ).

Ky =0.65 Permanent loads (continuous load due to weight of material in tanks,
machinery, fixed in place, earth pressure on retaining walls).

K; can be calculated directly for standard term loads (PI>Ps) (less conservatively though)
Noted in CL 5.3.2.3 086 K, =1.0 - 0.50 log (P,/P,) > 0.65

where
P, = specified long-term load

P, = specified standard-term load based on § and L loads acting alone or in combination
=5, L 5+0.5L,0r0.55+ L, determined using importance factors equal to 1.0

Combined loading, must be the most severe loading combination and K can be short term
see CL 5.3.2.4 086. For example

1.25D+1.4W+0.5L Use K, = 1.15 as wind is the most dominate

f}-\'; “ f WOOd Canadian  Conseil
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Modification Factors

Duration of Load K: (more explanation in Table 5.3.2.2 of CSA 086-14)

Table 5.3.2.2
Load duration factor, K

Load duration Kp Explanatory notes

Short term 1.15 Short-term loading means the condition of loading where the duration of the
specified loads is not expected to last more than 7 days continuously or
cumulatively throughout the life of the structure.

Examples include wind loads, earthquake loads, falsework, and formwork, as well
as impact loads.

Standard term 1.00 Standard term means the condition of loading where the duration of specified
loads exceeds that of short-term loading, but is less than long-term loading.
Examples include snow loads, live loads due to occupancy, wheel loads on
bridges, and dead loads in combination with all of the above.

Long term 0.65 Long-term duration means the condition of loading under which a member is
subjected to more or less continuous specified load.

Examples include dead loads or dead loads plus live loads of such character that
they are imposed on the member for as long a period of time as the dead loads
themselves. Such loads include those usually occurring in tanks or bins containing
fluids or granular material, loads on retaining walls subjected to lateral pressure
such as earth, and floor loads where the specified load can be expected to be
continuously applied, such as those in buildings for storage of bulk materials.
Loads due to fixed machinery should be considered to be long term.

Note: Load duration requires professional judgment by the designer. Explanatory notes in this Table provide guidance to
designers about the types of loads and load combinations for which each modification factor should be applied.

1\ “ﬁ“-}-‘ WOO d Canadian  Conseil
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Modification Factors

Duration of Load K: (more explanation in Table 5.3.2.2 of CSA 086-14)

Most design cases | 3 months)

100 pg==mm=mmm s 3 [ A T T
L A — fomonnnenee oo e —
R | | | | |
E, 80 |---------% S —— o PR PR o
= I 1 I I
= I I . | I
ST — - LA AR— o E— -
D | | l | |
c | | 1 | |
o | | l | |
60 -7~ Tttt 1Tt CTTTTTTTTTTTT S .
1Y I — ES— S— . E— -
2000 4000 6000 8000 10 000
Load duration, hours 1 year
Motes:

1. Specified strengths in CSA 086 have incorporated a factor of 0.8 to account for load duration.
2. This curve is derived assuming the wood members are fully stressed to their short term resistance -, .dian  conseil

for the cumulative periodl\%gah"‘fgﬂz Strength and Modification Factors o Wood canadien
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Modification Factors

System Factor K,;: (more explanation in Table 6.4.4 of CSA 086-14)

Some wood constructed “systems” allow the load to be distributed over several
adjacent framing members (e.g. a number of closely spaced parallel floor joists). This
factor reduces the chances of any one member being deficient.

K, =1.1to 1.4, larger values are when the load is shared amongst more members in the
“system.”

Case 2%
For specified strength in Case 1*  Visually graded MSR Built-up beams
Bending 1.10 1.40 1.20 1.10
Longitudinal shear 1.10 1.40 1.20 1.10
Compression parallel to grain 1.10 1.10 1.10 1.00
Tension parallel to grain 1.10 — — 1.00
All other properties 1.00 1.00 1.00 1.00

,11-;; ‘}‘ WOOd Canadian  Conseil
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Modification Factors

System Factor K,;: (more explanation in Table 6.4.4 of CSA 086-14)
Are you Case 1 or Case 27

The system factor implies load redundancy based upon a member failing. In Case 1, there
must be three or more parallel members spaced not more that 610mm apart (2ft).

In Case 2, you need to show composite action and load sharing in the system. Basic
sheathing fastening etc. Typical to see in slid lumber joists, rafters and stud systems.
Trusses however are not applicable though case 1 may apply based on the
configuration of the framing, sheathing and fastenings.

f}-;; “‘:P WOOd Canadian  Conseil
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Modification Factors

System Factor K;: (more explanation in Table 6.4.4 of CSA 086-14)
Are you Case 1 or Case 27

150mm edge

nailing 9.5mm min. sheathing
300mm
intermediate 3
, (Z il —F J
3 ormore | | <;” = {4
members || || ] | | A
sharmg (] n " Case 2 system
M 1 Ky=14
o (visually graded:
610, 3/’
Mm o &

bending & shear)

Module 4: Strength and Modification Factors
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Modification Factors

Service Condition Factor Kg: (more explanation in Table 6.4.2 of CSA 086-14)
Member capacities and stiffness are generally higher for dry service
conditions than for wet service conditions. Effect of moisture can reduce strength

properties . Being dry is not to assume there is know moisture. There will always be an
inherent amount its basically reference to a threshold

Conservative to assume K = 0.67

Wet service conditions: sawn lumber,

Drv service piling, and poles of least dimension

K Property conditions 89 mm or less Over 89 mm
Kep Bending at extreme fibre 1.00 0.84 1.00
Ksf Fracture shear 1.00 0.70 0.70
[ Longitudinal shear 1.00 0.96 1.00
Keo Compression parallel to grain 1.00 0.69 0.91
KSCP Compression perpendicular to grain 1.00 0.67 0.67
Ks: Tension parallel to grain 1.00 0.84 1.00
K Modulus of elasticity 1.00 0.94 1.00

,11-;; ‘}‘ WOOd Canadian  Conseil
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Modification Factors

Service Condition Factor K¢: (more explanation in
Table 6.4.2 of CSA 086-14)

Dry conditions refer to where the timber will have an
average equilibrium moisture content over a year
of 15% and not exceeding 19%. Hence if you can
control the humidity in the system you can rely
more on dry conditions. A common misconception
pertaining to using timber for swimming pools is
that they are always wet, there are ways to control
the moisture environment

Note also that conditions can differ for different
properties and wood products (lumber, glulam,
plywood, fastenings etc, in bending, shear and
compression

Timber roof on swimming pool in Toronto B
/\‘ | \NO O d Canadian  Conseil
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Modification Factors

Treatment Factor K;: (more explanation in Table 6.4.3 of CSA 086-14)

Preservative treatments themselves appear to have little effect on structural properties.
However, when members are incised (sharp point penetrating into the surface) and
then treated and re-dried significant structural property decreases can occur:

K; = 0.90 for strength of dimension lumber incised with preservatives.
Fire retardant treatment requires specific evaluation

Dry service Wet service

Product conditions conditions
Untreated lumber 1.00 1.00
Preservative-treated unincised 1.00 1.00
lumber
Preservative-treated incised lumber
of thickness 89 mm or less

Modulus of elasticity 0.90 0.95

Other properties 0.75 0.85
Fire-retardant-treated lumber See Clause 6.4.3.2 for effects of

fire-retardant treatment.

Module 4: Strength and Modification Factors
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Modification Factors

Size Factor K,: (more explanation in Table 5.4.5 of CSA
086-14)
- Strength properties may vary with member size.
- Strength is limited to the weakest part of a structure,
so larger members will have more probability to
have ‘weak links’
- Larger members have lower strength properties.
- Values of K, for bending and shear in visually 64

graded sawn lumber range from 1.7 to 0.8. 387

89

Explanation:

*For a Kz of 1.7, it is assumed the strength is Ko=17

increased by 70% for a short member (less z '

defects in a short member).

* For a Kz of 0.8, it is assumed the strength is K_=0.8

decreased by 20% for a long member (more z '

chances of defects in a longer member), = o .. | \évlel%dRT Canadian  Consel /
(I Council du bois




Modification Factors

Tension Compression Compression
parallel  perpendicular parallel to
Bending and shear to grain, to grain, grain, All other
Kzp, K7y Kz Kzep Kz properties
Smaller dimension, mm
Larger
dimension, 114 or
mim 3Btood 89to 102 more All All All All
38 1.7 — — 1.5 See Value computed 1.0
Clause 6.5.7.5 using formula in
64 1.7 — — 1.5 Clause 6.5.6.23 10
89 1.7 1.7 — 1.5 1.0
114 1.5 1.6 1.3 1.4 1.0
140 1.4 1.5 1.3 1.3 1.0
184 to 191 1.2 1.3 1.3 1.2 1.0
235 to 241 1.1 1.2 1.2 1.1 1.0
286 to 292 1.0 1.1 1.1 1.0 1.0
337 to 343 0.9 1.0 1.0 0.9 1.0
387 or larger 0.8 0.9 0.9 0.8 1.0

WOOd Canadian Conse'il
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Member Dimensions

Smaller dimension, Larger dimension,

Grade category mm mimn Grades
Light framing 38 to 89 38 to 89 Construction, Standard
Stud 38 to 89 38 or more Stud
Structural light 38 to 89 38 to 89 Select Structural
framing No. 1, No. 2, No. 3
Structural joists and 38 to 89 114 or more Select Structural
planks No. 1, No. 2, No. 3
Beam and stringer 114 or more Exceeds smaller dimension  Select Structural

by more than 51 No. 1, No. 2
Post and timber 114 or more Exceeds smaller dimension  Select Structural

by 51 or less No. 1, No. 2
Plank decking 38 to 89 140 or more Select, Commercial

WOOd Canadian Conse'il
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Specified strengths

Table 6.3.1A
Specified strengths and modulus of elasticity for
structural joist and plank, structural light framing,
and stud grade categories of lumber, MPa

Compression
Bending Perpen- Tension
_ at Lon_gl- Parall.el dlcula_r parall_e] Modulus of elasticity
Species extreme tudinal tograin, to grain, tograin, :
identification Grade fibre, f;, shear, f, f; fop fi E Eys
D Fir-L S5 16.5 19.0 10.6 12 500 8 500
No. 1/No. 2 10.0 1.9 14.0 7.0 5.8 11 000 7 000
No. 3/5tud 4.6 7.3 2.1 10 000 5500
Hem-Fir SS 16.0 17.6 9.7 12 000 8 500
No. 1/No.2 11.0 1.6 14.8 4.6 6.2 11 000 7 500
No. 3/5tud 7.0 9.2 3.2 10 000 6 000
Spruce-Pine-Fir S5 16.5 14.5 8.6 10 500 7 500
No.1/No.2 11.8 1.5 11.5 5.3 5.5 9 500 6 500
No. 3/5tud 7.0 2.0 3.2 9 000 5500
Northern SS 10.6 13.0 6.2 7 500 5500
No.1/No.2 7.6 1.3 10.4 3.5 4.0 7000 5000
No. 3/5tud 4.5 5.2 2.0 6 500 4000

Note: Tabulated values are based on the following standard conditions:
(a) 286 mm larger dimension;

(b) dry service conditions; and

(c) standard-term duration of load.

WOOd Canadian Conse'il
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Table 6.3.1B
Specified strengths and modulus of elasticity for light framing
grades, MPa, applicable to sizes 38 by 38 mm to 89 by 89 mm

Compression
Bending Perpen- Tension
at Longi- Parallel dicular  parallel Modulus of elasticity
Species extreme tudinal to grain, to grain, to grain, ’
identification Grade fibre, f,  shear, f, [, fep fi E Eps
D Fir-L Const. 13.0 3.2 16.0 7.0 6.6 10 000 5500
Stand. 7.3 13.1 3.7 9 000 5000
Hem-Fir Const. 14.3 2.7 16.9 4.6 7.0 10 000 6 000
Stand. 8.0 13.9 3.9 9 000 5500
Spruce-Pine-Fir  Const. 15.3 2.6 13.1 5.3 6.2 9 000 5 500
Stand. 8.6 10.8 3.5 8 000 5000
Northern Const. 9.9 2.2 11.9 3.5 4.5 6 500 4 000
Stand. 5.5 9.8 2.5 6 000 3 500

WOOd Canadian Conse'il
SMART  Comi  autoe

Module 4: Strength and Modification Factors




Table 6.3.1C
Specified strengths and modulus of elasticity
for beam and stringer grades, MPa

Compression
Bending Perpen-  Tension
_ at Lon‘gl— Parall:&l dl(‘.ulﬂll‘ parallel Modulus of elasticity
Species extreme tudinal to grain, to grain, to ’
identification  Grade fibre, f* shear, f, [ fep grain, f E* Eps*
D Fir-L SS 19.5 1.5 13.2 7.0 10.0 12 000 8 000
No. 1 15.8 11.0 7.0 12 000 8 000
No. 2 9.0 7.2 3.3 9 500 6 000
Hem-Fir SS 14.5 1.2 10.8 4.6 7.4 10 000 7 000
No. 1 11.7 9.0 5.2 10 000 7 000
No. 2 6.7 59 2.4 8 000 5500
Spruce-Pine-Fir ~ SS 13.6 1.2 9.5 5.3 7.0 8 500 6 000
No. 1 11.0 7.9 4.9 8 500 6 000
No. 2 6.3 52 2.3 6 500 4 500
Northern SS 12.8 1.0 7.2 3.5 6.5 8 000 5500
No. 1 10.8 6.0 4.6 8 000 5500
No. 2 5.9 3.9 2.2 6 000 4 000
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Table 6.3.1D
Specified strengths and modulus of elasticity
for post and timber grades, MPa

Compression
Bending Perpen- Tension
‘ at Lor{gl— Parall?l dlcula_r para]]‘e] Modulus of elasticity
Species extreme tudinal to grain, to grain, to grain, _
identification Grade fibre, f;,  shear, f, [, fop f E Eys
D Fir-L 5§ 18.3 1.5 13.8 7.0 10.7 12 000 8 000
No. 1 13.8 12.2 8.1 10 500 6 500
No. 2 6.0 7.5 3.8 9500 6 000
Hem-Fir 5§ 13.6 1.2 11.3 4.6 7.9 10 000 7 000
No. 1 10.2 10.0 6.0 9000 6 000
No. 2 4.5 6.1 2.8 8 000 5500
Spruce-Pine-Fir 55 12.7 1.2 9.9 5.3 7.4 8 500 6 000
No. 1 9.6 8.7 5.6 7 500 5000
No. 2 4.2 54 2.6 6 500 4 500
Northern SS 12.0 1.0 7.5 3.5 7.0 8 000 5500
No. 1 9.0 6.7 5.3 7 000 5000
No. 2 3.9 4.1 2.5 6 000 4 000

WOOd Canadian Conse'il
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Table 6.3.2
Specified strengths and modulus of elasticity for machine
stress-rated grades 38 mm wide by all depths, MPa

Tension parallel

Bending at to grain, ft Compression

extreme Modulus Parallel Perpendicular

fibre, of elasticity, 89 to to grain, to grain,
Grade v E 184 mm >184 mm* fe fopt
1200F, -1.2E 17.4 8 300 6.7 — 15.1 5.3
1350F,-1.3E 19.5 9000 8.4 — 16.9 53
1450F;, -1.3E 21.0 9000 9.0 — 17.3 53
1500F, -1.4E 21.7 9700 10.1 — 17.5 5.3
1650F, -1.5E 23.9 10 300 11.4 — 18.1 53
1800F, -1.6E 26.1 11 000 13.2 — 18.7 53
1950F, -1.7E 28.2 11 700 15.4 — 19.3 53
2100F,-1.8E 30.4 12 400 17.7 — 19.9 6.5
2250, -1.9E 32.6 13100 19.6 — 20.5 6.5
2400F, -2.0E 34.7 13 800 21.6 — 21.1 6.5
2550, -2.1E 36.9 14 500 23.0 — 21.7 6.5
2700, -2.2E 39.1 15 200 24.1 — 223 6.5
2850F, -2.3E 41.3 15 900 25.8 — 22.9 6.5
3000F, -2.4E 43.4 16 500 26.9 — 235 6.5

The following MSR grades provide a modulus of elasticity with higher corresponding strengths. For these MSR grades,
qualification and daily quality control for tensile strength are required.
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Table 6.3.3
Specified strengths and modulus of elasticity for machine
evaluated lumber grades 38 mm wide by all depths, MPa

Bending at Tension Compression

extreme Modulus of parallel Parallel to Perpendicular

fibre, elasticity, to grain, grain, to grain,
Grade fo E f fe fo*
M-10 20.3 8 300 9.0 17.1 5.3
M-11 22.4 10 300 9.5 17.7 5.3
M-12 23.2 11 000 9.5 17.9 5.3
M-13 23.2 9 700 10.7 17.9 5.3
M-14 26.1 11 700 11.2 18.7 5.3
M-15 26.1 10 300 12.3 18.7 5.3
M-18 29.0 12 400 135 19.5 6.5
M-19 29.0 11 000 14.6 19.5 5.3
M-21 33.3 13 100 15.7 20.7 6.5
M-22 34.0 11 700 16.8 20.9 5.3
M-23 34.7 12 400 21.3 21.1 6.5
M-24 39.1 13 100 20.2 22.3 6.5
M-25 39.8 15 200 22.4 22.5 6.5
M-26 40.6 13 800 20.2 22.7 6.5
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This scenario is a swimming pool. You are being asked to specify the species and
grade of a timber joist in Ontario (assume SPF only available for economic and
availability considerations) that can meet an 8MPa Bending stress. Assume the roof

supports long term machinery, untreated and members are arranged in such a way
to assume case 2 system conditions.
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This scenario is a swimming pool. You are being asked to specify the species and
grade of a timber joist in Ontario (assume SPF only available for economic and
availability considerations) that can meet an 8MPa Bending stress. Assume the roof
supports long term machinery, untreated and members are arranged in such a way
to assume case 2 system conditions.

Joist specified strengths are found in Table 6.3.1A Cecified ot gthTabfle 6-3;1112  lasticity £
. . . peciiieda stren S and modulius or elastcity ror
(n.Ote this table G..SSUI.TIES Unlt){ In Kfa(:‘tors): In structural joist and plank, structural light framing,
this problem, which is purely illustrative with and stud grade categories of lumber, MPa
limitations ( many assumptions are simplified Compression
here), but we must specify the appropriate Bending " Perpen- Tension
member. The solution here is more detailed and Species extreme tadinal tograin, to grain, fograin, | MOdUIUS Of elasticity
. . . identification Grade fibre, f;, shear, f, f. « t E Eys
there are more efficient calculation procedures. i & Mk e T o
D Fir-L SS 16.5 19.0 10.6 12 500 8 500
No.1/No. 2 10.0 1.9 14.0 7.0 5.8 11 000 7 000
No. 3/Stud 4.6 7.3 2.1 10 000 5500
Hem-Fir S5 16.0 17.6 9.7 12 000 8 500
No. 1/No. 2 11.0 1.6 14.8 4.6 6.2 11 000 7 500
No. 3/Stud 7.0 9.2 3.2 10 000 6 000
You have 7 potential options. Though cerneti % mo2liad 1s My s b B o
access to only SPF limits you to two : SS No-3/stud 7.0 >0 B2 9000 8500
Northern SS 10.6 13.0 6.2 7 500 5500
No. 1/No. 2 7.6 1.3 10.4 3.5 4.0 7 000 5000
Or NO' 1/N0'2 No. 3/Stud 4.5 5.2 2.0 6 500 4 000

Note: Tabulated values are based on the following standard conditions:
(a) 286 mm larger dimension;

(b) dry service conditions; and
(¢) standard-term duration of load. F \ [} WO O d Canadian Conseil
|t i
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This scenario is a swimming pool. You are being asked to specify the species and
grade of a timber joist in Ontario (assume SPF only available for economic and
availability considerations) that can meet an 8MPa Bending stress. Assume the roof
supports long term machinery, untreated and members are arranged in such a way
to assume case 2 system conditions.

* Required Factored bend strength = 8 MPa
* Bend strength is either 16.5 or 11.8 MPa before modification

Bend strength (Kp Ky Ks Kt Ky);

where;

F, = factored bend strength (MPa) = 8MPa (min)
f,= bend strength of the timber (MPa) = either 16.5 or | |.8MPa

M | : WO O d Canadian  Conseil /
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This scenario is a swimming pool. You are being asked to specify the species and
grade of a timber joist in Ontario (assume SPF only available for economic and
availability considerations) that can meet an 8MPa Bending stress. Assume the roof
supports long term machinery, untreated and members are arranged in such a way
to assume case 2 system conditions.

* Required Factored bend strength = 8 MPa
* Bend strength is either 16.5 or 11.8 MPa before modification

Bend strength: Fb@'@®®' Kt '@;

where;
F, = factored bend strength (MPa)
f,= bend strength of the timber (MPa)

In this case | have 4 modification factors needed; Kd- load duration;
Kh- system, Ks- Service, and Kz- size

M | : WO O d Canadian  Conseil /
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This scenario is a swimming pool. You are being asked to specify the species and
grade of a timber joist in Ontario (assume SPF only available for economic and
availability considerations) that can meet an 8MPa Bending stress. Assume the roof
supports long term machinery, untreated and members are arranged in such a way

to assume case 2 system conditions.

Which K factors you assume will require justification. Specific detailing to the swimming pool complex can
alleviate the Ks reduction. If you aren’t detailing this you will drop your capacities by 33%. Here this is shown as
0.67 to be conservative but will likely be unity. | have also more conservatively specked Kz as its uncertain the
size 0.8. Case 2 would mean the system factor is 1.4. There is no treatment so this is 1. Lastly because of
mechanical equipment on the roof this will penalize us and need long term loading of 0.65. Detailing here so
that the load is taken elsewhere can also be performed.

Bend strength: F,= f, @@,

where;
F, = factored bend strength (MPa)
f.= bend strength of the timber (MPa)

F,= f,(Kp Ky K Kt Ky);
= 11.8(0.65*1.4*%0.67*1%*0.8)
= 5.75 MPa

Module 4: Strength an
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Re-calculating to the new member shows that the select structural grade just meets the
problem definition. Recall the question and solution makes a series of approximations in
reality each modification will need justification. Try redoing the problem assuming that the
Ks factor is unity and compare the section sizes available to you.

Bend strength: Fb @ @ @ Ky -@;

where;
F, = factored bend strength (MPa)
f,= bend strength of the timber (MPa)

Fp,= f,(Kp Ky K Kr Ky);
= 16.5(0.67*%1.4%0.65*1%*0.8)

= 8.04 MPa N
N I WQOO d Canadian  Conseil
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In this case ill specify SPF —select structural for my timber.

i
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Engineered Wood: Composite a union of materials

i
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Engineered Wood Products

Engineered wood consists of bonding together wood strands, veneers, lumber and
fibres with adhesives to form composite materials.

Advantages over solid wood are:

 Large panels can be manufactured from small diameter trees unsuitable for solid
lumber.

* Wood waste and defective wood, can be used to produce particle and fiber-based
boards.

* Produce stronger, stiffer and more homogeneous material than lumber.

;-\'; “‘:1-‘ WOOd Canadian  Conseil /
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Adhesives

Adhesives used in glulam, plywood and other laminated products are typically thermosetting resins
that require heat or catalysts to work and are irreversible once hardened.

Their chemical composition consists of Phenol, Resorcinol, Formaldehyde, Melamine and Urea.

Typical combination are PRF, RF, MUF and UF.

Additionally one(1)-Component PolyUrethane Reactive (1C-PUR) and
Emulsion Polymerized Isocyanate (EPI) adhesives can be used which
reduce the effects of Formaldehyde.

IC-PUR is common in CLT production but the others can also be used.

s

All of the adhesives listed above have shown minimal strength loss ‘
when exposed to high temperatures and are developed according to .
specific standards.

WWW.simonin.com

However epoxy resins used for connecting steel to wood and Example of an epoxy resins

PolyVinyl Acetate (PVA) also known as “wood glue” fail when Steel- Timber connection
exposed to high temperatures. Al WOOdJd Canadlan - Consel /
, '\‘ S M A R T CocL)JCr:ciI ;?Jnt?oilfn



Engineered Wood Products

Types of engineered wood:
* Glulam (glued-laminated wood).
* Plywood.
* Oriented Strandboard (OSB) and Waferboard.
* Laminated Veneer Lumber (LVL).
* Parallel Strand Lumber (PSL).
* Prefabricated Wood I-Joists.
Structurally Insulated Panels (SIP)
* Cross Laminated Timber (CLT)

;1\'; “;‘;}-‘ WOOd Canadian  Conseil
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Plywood

Plywood is made from layers of thin sheets of wood veneer glued together, each with its
grain at right angles to adjacent layers.

* There are usually an odd number of plies, so that the grain on the outside plies runs in the
same direction.

Stronger direction
of a plywood panel

Orientation of veneers in a plywood panel. www.winwood-products.com

Available in 1220mm (4feet) x 2440mm (8feet) sheets of various thickness from 6mm to 30mm

} @ WOQOO d Canadian  Conseil /
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Glulam

Glulam is a structural timber product manufactured by
gluing together individual pieces of dimensional lumber.

* Produces large structural members from standardized
commercial lumber.

e Beams and columns made with curves and tapered sections.
* Low quality and high quality wood can be used. -
* Connected by scarf or finger type joints.

Finger-jointed
end

andhandy.com

& 1-1/2 in. typical
Al WOOd Canadian  Conseil

SMART  conii  aubors
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Response of Glulam to Load (video)
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Response of Glulam to Load




Structural Composite Lumber (SCL)

e Structural composite lumber (SCL) encompasses laminated veneer lumber (LVL) and parallel
strand lumber (PSL), laminated strand lumber (LSL) and oriented strand lumber (OSL)

* Typically has 3 times the bending strength and is 30% stiffer compared to a similar size piece
of lumber

* Produced at a low moisture content to minimize shrinkage after installation

* Unlike timber and glulam, SCL is proprietary which means that these products do not have a
common standard of production and the design values are often derived from test results in
accordance with CSA 086

,}\'; ‘1 WOOd Canadian  Conseil /
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Structural Composite Lumber (SCL)

* Panel size can be up to 3m x 20m

* Thickness of PSL can be up to 175mm however, most common thickness is 38-45mm
* Thickness of other types of SCL is typically 75mm

* Commonly ripped into one-dimensional members for use as beams and columns

Structural Composite Lumber (SCL)

Principal Applications Beams, Columns, Joists
Applicable Proprietary products —
Manufacturing Check with the manufacturer
Standards

Applicable Service Dry or Wet —

Conditions Check with the manufacturer
Treatability With Some products are treatable —
Wood Preservatives Check with the manufacturer
Applicable Fastenings Nails, Bolts, Joist Hangers,

Framing Anchors, Heavy
Duty Hangers

;1\'; “;‘;}-‘ WOOd Canadian  Conseil
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Structural Composite Lumber (SCL):
Laminated Veneer Lumber (LVL)

LVL is a layered composite of wood veneers adhesively bonded.

* Differs from plywood, grain in each layer runs in same direction rather than at 90°.
* Fabricated into billets of approx. 2 ft x 4 ft in cross-section and 80 ft long.

* Billets sawn to custom lengths and widths.

* Used primarily as floor joists and rafters.
LVL beams

Nearly 1/& in. thick

veneer laminations \l

commonly available/g/_

Depth of up to 18 in.

d
va

1-3/4 in.—a commorly
used thickngee

LVL-direction of grain
in all plies is the same

Canadian  Conseil
Wood canadien 1
Council du bois
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Structural Composite Lumber (SCL):
Laminated Veneer Lumber (LVL)

== ,./ d
"~
é\ R ” Thin strip
log of veneer

Vertical

( Longitudinal)
. &
=

Horizontal direction
{ Horizontal ?

Canadian  Conseil
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Structural Composite Lumber (SCL):
Oriented Strandboard & Waferboard

Panels made of shredded wood strands bonded together under heat and pressure using a
waterproof adhesive.

* OSB is three layers of strands oriented at right angles to each other.

» Waferboard is one layer of randomly oriented strands.
* Available in same size as plywood, less expensive but cannot be painted or treated with
preservatives and does not have a smooth surface finish.

b 5 \ b

s 1 N 3 ’\‘
1‘|~ “)‘ WQOO d Canadian  Conseil /
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Structural Composite Lumber (SCL):

Oriented Strandboard & Waferboard
Waferboard (R-1

PO

P oK
c;:‘-t . "‘:{

~ e Random
orientation.

* Perpendicular to face in core layers.

Produced from small trees, branches & waste from lumber
manufacturing.

1\|~ “)‘ WO O d Canadian  Conseil /
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Structural Composite Lumber (SCL):
Parrel Strand Lumber (PSL)

PSL is a layered composite of narrow strands of wood veneers.

* Strands are made by chopping 3 mm (1/8in) thick veneer sheets into 2.4m
(8ft) long by 13 mm (1/2in) wide strips.

* Manufactured by aligning in grain direction and gluing strands of wood
together under pressure.

* Made into large billets, then sawn to required dimensions.

e Use as beams and columns.

* It is a proprietary product marketed under the trade name Parallam®.

|-joists

Parallam beam

www.finehomebuilding.com

Parallam column

www.leelumber.myeshowroom.com

Canadian  Conseil
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Prefabricated Wood I-Joists

An alternative to solid lumber framing which uses expensive and difficult to sources 10” or 12” members.
Wooden | —Joists are made by gluing smaller solid lumber or LVL flanges to a plywood or OSB panel web.

Available in a variety of sizes with depths ranging from 241mm to 610mm ( 9.5” to 24”)

LVL
Flange sizes are 63.5 mm or
88.9 mm by 38.1mm
OSE (Nominal 3” by 2” or 4” by 2”)

WOO POOMBSIOUI' MMM

www.studyblue.com

WOOd Canadian Conse?l
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Prefabricated Wood I-Joists

As the members are fabricated in a facility moisture and
qguality of can be better controlled.

Connection: Glue

Critical to the members strength is the connection
between the web and flanges.

Both the joint and glue are proprietary and will vary with Web: plywood or OSB

manufactures.

Designers should refer to the manufacture's
specifications for strength and stiffness values.

— Flanges: lumber or LVL

In Canada, all wooden I-joist are registered with the
Canadian Construction Materials Centre (CCMC).

f}-;; “‘:P WOOd Canadian  Conseil /
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Cross Laminated Timber

Cross Laminated Timber (CLT) like Glulam is dimensional
lumber glued together, however this time in alternate
directions.

By alternating the orientation of the lumber, the CLT panel
can support loading in both directions.

Panels dimensions range from

Thickness (m) 0.1 0.5
Width (m) 1.3 3
Length (m) 5 15

|deal for floors, walls and roofs but is limited

to dry service conditions only N8 Y _—
W\I* _j“-)"l WQOO d Canadian  Conseil
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Cross Laminated Timber

Available in in a variety of configurations with only a sample shown below:

3-layer equal 5-layer equal 5-layer unequal 5-layer equal depth with

depth depth depth double outer layer

Double outer layer configurations increase the bending resistance in the major direction.

While traditional used for One-Way slabs, Two-Way slabs are limitedly available.

1\I‘}‘ WOOd Canadian  Conseil
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Cross Laminated Timber

In Canada, the lumber used for CLT is softwood with the same or similar species in each layer.

The longitudinal layer must have a minimum visual grade No.2 and No.3 in the transverse
layer. Machine Stress Rated (MSR) equivalents may also be used.

;*\Ti.:‘\jg}-‘ WO O d Canadian  Conseil /
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How wood degrades at elevated temperature - Drying

51:; _ Dyg ._ Pyrolysis * Timber undergoes t.h ree stages
- when heated. The first being a
n - . _. ............... drying phase, where the

T % . material dehydrates at the

0 100 200 300 400 500 600

T source of local exposure. Note
that in this phase the relative
size of the member and
moisture content is very
critical. This is where the saying
sticks versus trees is very
applicable.
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Char depth
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discoloration is
observed

Possible reduction
in shear area
available below
char layer




How wood degrades at elevated temperature - Pyrolysis

100% -

Residual mass [%]
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Char depth
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discoloration is
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* Timber undergoes three stages
when heated. The second
phase is pyrolysis. Simply
stated this is essential where
the structure of the timber
begins to undergoe a chemical
change leaving it in the form of
a carbon residual in the last
stage. At this stage there is a
rapid degradation of mass.
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How wood degrades at elevated temperature - Char

100% g e )
S e Pyrolysis * Timber undergoes three stages
@ ° 7 Drying 9 .
- when heated. The last stage is
2 e | N . char. This is not a bad thing, the
0 . 3 .
T | ovdeln N thickness of the char layer

s laalll~- s actually can provide a very

porous layer to protect the
inner portion of the timber
from additional heat. The
deeper this layer the more
resistance.

Original dimensions
of shear area
Char depth
measured where
discoloration is
observed

Possible reduction
in shear area
available below
char layer
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How wood degrades at elevated temperature - Char

What you see here is an older
style timber structure. These
were called slow —burning
because the size of the
timber is provided at about
30% more than what it needs
to be to undertake normal
loading,

mhw WO O d Canadian  Conseil /
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How wood degrades at elevated temperature - Char

This was an attempted arson
where allegedly the
perpatrators attempted to
start a fire in this structure.
This was the result after
about 1 hour of attempt and
about 20 minutes of burning.
The structure was
undergoing adaptative re-sue
so the sprinkler system was
not yet activated.

1\I‘}‘ WQO d Canadian  Conseil
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How wood degrades at elevated temperature — Mechanical behaviour

A With temperature increase,
the unaffected timber regains
most strength with

Material strength temperature rise (<3OQC).

The dehydration effect is

Failure quite minimal, but once

pyrolysis occurs strength

Stress in member reduces rapidly to the

effected layer, and there is

minimal strength left in the
char layer.

Siress

— P
Time
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How wood degrades at elevated temperature — Mechanical behaviour

Because you are effectively
losing cross section, and the
applied loading is largely the
same, the stress in the
member will increase and
this is what can lead to
failure of the members.

Siress

Material strength

Failure

Stress in member

— P
Time
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How wood degrades at elevated temperature — Mechanical behaviour

Steel on the otherhand is

A very different. With
2 increasing temperature the
% Material strength chemical composition of the

member changes. The cross
section does not change
Failure largely but the strength
degradation is rapid. Note
also that steel will be a
conductor of heat. Which has
—> important implications in
Time exposed steel connections

Stress in member
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What is Fire?

There is a very simple way to
look at what fire is. Basically the
idea behind this is that it is a
chemical reaction, where a
material beginning as a solid
when exposed to heat because
to convert in the presence of
oxygen to a gas. The gas when
heated high enough, gives off
ight. That is fire. The reaction
oroduces a large amount of
neat in the form of convection
and radiation. Classically the
ater called invisible heat
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What is Fire?

A tiny experiment with a
candle illustrates this
behaviour very well on a
small scale. See how once
extinguished a heat source is
added into the candle
igniting its smoke trail.
(*don’t do this at home for
safety reasons)

WOOd Canadian  Conseil
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What is Fire?

In this video the same effect
is being seen with a piece of
charred timber. Instead of a
match, a spark is introduced
that ignites the surface
between the gypsum boards
(we will come back to
gypsum later).

(heat soure — radiant heaters)
at about 1100C
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Just how hot does a real fire get?

* This depends completely on what is inside the building and what is
the source of a fire. Typically the source of the flame for a candle is
about 1000C. Most room fires show temperatures of about 1000 to
1300 C at peak exposures — if and only if there is no active
suppression.

* In engineered design in canada fire can be viewed as if it were a load
persay- like the building code the most simple procedure is to use
what is called a prescriptive approach or standard fire. However if you
are fortunate enough to have expertise within a company you can
perform alternative solutions to this approach and use different
design fires (these are beyond the scope of this course to describe).

Module 9 : Introduction to Timber |



What is a standard fire

2400}
ol 22
. : 3
A standard fire is a prescribed By
temperature for a 31600
predetermined period. It takes o
the form seen here. ooy
ey
* Through years performance of 3 600
. . . . 400
various materials in simulated R
furnace tests have been o5

catalogued. This performance
is called a fire resistance rating
and takes the form of an
hourly rating

Module 9 : Introduction to Timber

2

3

” &

Time jn Hours

aalll
21\

i) Bl
2t
/l
7

| !

WOOJO
SMART

6

TFAYNT FY1LESTINTL-INIL- GFSOS0L S

7

Q

Canadian  Conseil
Wood canadien
Council du bois

/




What is a fire resistance rating?

1000 -

Temperature ("C)
3
L=

0 20 40 60 30 100 120
Time (min)

A
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What is a fire resistance rating?

1200 - | ' - 2 hour

Temperature (“C)

0 20 40 60 80 100 120

Time (min)
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What is a furnace test

e Seen here is a video fo the end
of a standard fire furnace test
performed on a CLT flooring
system after 2 hours of
exposure.

* Below is a typical furnace used
for testing
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Additive Rules

» After decades of testing it became very accepted in practice to use
additive rules of fire protection (known as the component additive
method). That is to say if you were trying to increase the resistance
rating of a building what you do is add layers of protection that in
themselves each have a rating. Below is a scematic of the columns
at Brock columns. In this case multiple layers are used to cover the
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Additive Rules - Tables

* In the hand book Tables 10.2- 6 give a series of tabulated ratings
for different components and different applications (pay careful
attention to notes. (ex;)

Table 10.2a . _ : :

Time assigned Description of finish Time, minutes

fpr the contrib_u- Loadbearing Walls Non-loadbearing Walls
aoen;;rgf::?:e 11.0 mm Douglas Fir plywood phenolic bonded - 101

the fire-exposed 14.0 mm Douglas Fir plywood phenolic bonded - 151
side of wood-

framed walls 12.7 mm Type X gypsum wallboard 252 25
15.9 mm Type X gypsum wallboard 40° -
Double 12.7 mm Type X gypsum board? 50 80
Note:

1. Applies to stud cavities filled with mineral wool conforming to CAN/ULC-S702, "Mineral Fibre
Thermal Insulation for Buildings", and having a mass per unit area of not less than 2 kg/m?, with
no additional credit for insulation according to Table D-2.3.4.G in Appendix D of the NBC.

2. If resilient metal channels are installed with a single layer of gypsum board, the fire-resistance
rating determined using this method for loadbearing walls is to be reduced by 10 minutes.

3. Resilient metal channels are permitted to be installed at a spacing of 400 mm o.c. with no effect
on the rating of the walls assembly.

,11-;; ‘}‘ WOO d Canadian  Conseil
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Additive Rules Example

* Determine the fire-resistance rating of an interior partition (i.e.,
interior nonloadbearing wall assembly) with 12.7 mm Type X
gypsum board (GB) on both sides of wood studs spaced at 400 mm

on centre.
|
A
< v <
| \

38 x 89 mm (minimum) \ One layer 12.7 mm

wood studs, 400 mm o.c. Type X gypsum board

(20 minutes) (25 minutes)

;.\'; \‘:p WOO d Canadian  Conseil /
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Additive Rules Example

* Determine the fire-resistance rating of an interior partition (i.e.,
interior nonloadbearing wall assembly) with 12.7 mm Type X
gypsum board (GB) on both sides of wood studs spaced at 400 mm

on centre.
i i i TT Time assigned to 12.7 mm Type X GB - 25 minutes
< . <> Time assigned to wood studs at 400 mm o.c. - 20 minutes
L | |
38 x 89 mm (minimum) \ One layer 12.7 mm : : : fi : TSR, ;
wood studs, 400 mm o.c. Type X gypsum board Total Fire-resistance rating of interior partition: 45 minutes
(20 minutes) (25 minutes)

Important notes: These times are not real fire times or times of failure in a real fire, the times are a relative
performance rating to the standardized fire. This is why these times should not be used for time of evacuation in a

real fire.
jw'\.; ‘1 WOOd Canadian  Conseil /
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Gypsum board performance

* Type X Gypsum board (or an
adaptive form of dry wall) is a
calcium based material retaining
approximately 20% moisture. As
the material is exposed to
temperature it dehydrates
protecting layers beneath.
While fall off in fire may be a
concern, if appropriate nail
spacing is accounted for the
material rarely degrades to
falling off.

Module 9 : Introduction to Timber
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Chemistry of Gypsum

The manufacturing process of Gypsum involves driving the moisture out of the gypsum
rock to create the powdery white material of calcium sulphate hemihydrate CaSO, -

2H-0, which is an endothermic decomposition reaction occurring between 100°C and
120°C.

1 3
CaSO4 ¢ 2H20 — CaSO4 ¢ EHzo + EHzo

When the powder is mixed with water and formed into flat sheets of gypsum plaster,
the reaction is reversed to become a hydration reaction:

1 3
CaS0, 5 Hz0 + 5 Hy0 - CaSO, - 2H,0

fw.\'; \‘:1_1 WOO d Canadian  Conseil /
il Wood di
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Chemistry of Gypsum

* Moisture in gypsum plaster contributes to the fire resistance behaviour

Dehydration reaction occurs when gypsum plaster is heated in fire, converting
solid gypsum into a powdery form

Complete dehydration occurs at temperatures between 200°C and 300°C

Gypsum plaster can be easily recycled since both the dehydration and hydration
reactions can be repeated indefinitely

,’1.\'; ‘1\ WOO d Canadian  Conseil /
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Annex B (informative)
Fire resistance of large cross-section wood
elements

Notes:

(1) This informative (non-mandatory) Annex has been written in normative (mandatory) language to facilitate adoption
where users of the Standard or requiatory authorities wish to adopt it fermally as additional requirements to this
Standard.

(2) When this informational {non-mandatory) Annex is not otherwise adopted formally by building requiatory authorities
as additional requirements fo this Standord, the methodology presented provides information that may be useful to
users of the Standard in the development of a proposal for an alternative solution to meet the objectives of the
Mational Building Code of Canada (NBC).

B.1 Scope
B.1.1
The design tables, data and methods specified in Annex B provide a design methodology to develop
fire-resistance ratings of large cross-section wood elements based on structural criteria. B.8.1 Gypsum board

Provided that surfaces are protected from fire exposure by fire-rated Type X gypsum board, the assigned
B.1.2 fire-resistance duration calculated in accordance with Clause B.7 can be increased by the following times:
The design methodology is intended to be used as an alternative approach for determining fire-resistance (a) 15 min when one layer of 12.7 mm Type X gypsum board is used;

ratings for establishing compliance to the National Building Code of Canada (MBC), as determined by
testing in conformance with CAN/ULC-5101.

Note: The fire performance criteria for evaluating the separating function of building elements related to the passage of
flames or hot gases and transmission of heat through the assembly, as defined in CAN/ULC-5101, are outside the scope of
Annex B, except as otherwise noted.

(b) 30 min when one layer of 15.9 mm Type X gypsum board is used;
(c) 60 min when two layers of 15.9 mm Type X gypsum boards are used; or
(d) 60 min when two layers of 12.7 mm Type X gypsum boards are applied to CLT.

B.1.3

The structural resistance of a wood element reduces as a function of time when exposed to fire. A
structural element is deemed to possess a fire-resistance rating for a particular duration of fire exposure
provided the reduced structural resistance of the element, after the specified exposure time, is greater than
the specified load effects.

B.1.4

The methodology in Annex B is an engineering approach, intended to predict the structural fire resistance
of large cross-section wood elements exposed to the standard fire-resistance test, CAN/ULC-5101. The
standard test method requires loadbearing elements to be tested with a superimposed load that
represents a full specified load condition or a restricted load use condition. When calculating the
fire-resistance rating using the methodology in Annex B, the actual specified gravity loads are used

(i.e., D+ L)

MNote: When a performance-based fire safety design approach is used in which the specific fire scenario(s) has a design
fire(s) having time-temperature relationships other than that specified in the standard CAN/ULC-5101 fire-resistance test,
additional analysis may be required. For example, a heat transfer analysis may be needed in order to determine an
approprigte charring rate and zero-strength layer depth. In this case, it may also be appropriate to use the load foctors

suggested in Parograph 25 of the Structural Commentary A of the Mational Building Code of Canada. Such fire scenarios yduction to Timber
can be evaluated as an alternative solution to meet the objectives of the National Building Code of Canada (NBC).

WOOd Canadian Conse'il
SMART  Comi  autoe




Acceptable Charring Rates

Table B.4.2
Design charring rates for wood and wood-based products, mm,/min

[ Ay
Timber and plank decking 0.65 0.80
Glued-laminated timber 0.65 0.70
Structural Composite Lumber 0.65* 0.70*
Cross-laminated timber .65 0.80

*Values are only applicable to wood-based structural composite lumber products.

B.4.3 One-dimensional char depth
The char depth for one-dimensional charring, x., (mm), shall be taken as follows:

Xco = ﬁﬂt

where
. = one-dimensional charring rate, mm/min

t =fire exposure duration, min

W‘W WOO d Canadian  Conseil
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Acceptable Charring Rates

B.5.1 Zero-strength layer depth

A zero strength layer shall further reduce the cross-section (beyond the char depth determined in
Clause B.4.3 or B.4.4) in order to account for a reduction in strength of the heated wood beyond the char

front. This additional reduction in cross-section, x; (mm), depends on the fire exposure duration and shall
be taken as follows:

r Original dimensions
Xp = [—] x7 (fnr t< 20} of shear area
20 Char depth
measured where
X, = 7 (fﬂr t= 20) discoloration is

observed

where PESSIIE Parkictiot Residual Section

t = fire exposure duration, min in shear area
available below
char layer

\”’F' \NOOd Canadian Conse.il
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Wood Desigh Manual Indexing

Indexing the Wood Design Manual and CSA 086

— Quickly find where to look when working on
designs, etc.

— It’s a physical and traditional document that
without proper indexing applied can be difficult
to use.

— The following slides are suggestions of useful
sections to index; but may not be
comprehensive of everything you need to index
depending on your services.
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Wood Design Manual

CSA 086 Standard

— QOutlines the minimum requirements that must be met

Wood Design Manual

Contains explanatory information/Commentary for using CSA 086

Provides solved examples

Includes selection tables where factored

Other additional information that can be useful in design

;‘i-‘ ‘I‘.‘j}‘l WOOd Canadian  Conseil /
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Wood Design Manual

Volume 1

— Explanatory information to different types of member design

Volume 2
— Includes reference information and commentary to CSA-O86
— CSA 086 and Appendices

1\‘! “}l WO O d Canadian  Conseil /
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Wood Design Manual

Volume 1

Introduction 3
Bending Members 17
Compression Members 143
Tension Members 211
Combined Loads 233
Bearing 295
Connections 321

Shearwalls and Diaphragms 563
Applications 671
Design for Fire Safety 753

1\“ ‘}' WOO d Canadian  Conseil
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Wood Design Manual

Volume 1

-Most sections focus on design for a specific
loading condition (indicated on the right
side of the page)

Typically:

-Sections usually start off with general
information for all types of timber, and then
move to specific information for Lumber, Glulam,
CLT, and other types of timber

-For each type of timber - explanatory notes,
examples, and selection tables are given

Module 5: Design Process
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Cross-Laminated Timber

General

This section covers the design of Cross-Laminated Timber (CLT) panels as
flexural members. CLT is a part of a broader mass timber category of prod-
ucts, which alse includes products such as Glued-Laminated Timber and Nail-
Laminated Timber. CLT panels consist of several layers of lumber, laid flat-wise,
and glued together on their wide faces. Panels typically consist of 3 to 9 alter-
nating layers. CLT was introduced into the 086 in the 2014 edition update 1.

The CSA 086 design provisions apply to sawn lumber panels manufac-
tured in accordance with ANSI/APA PRG 320 Standard for Performance-Rated
Cross-Laminated Timber with balanced layups. A balanced layup is one in
which all laminations oriented in the same direction are made of the same
grade and species of sawn lumber. CSA 086 includes a table of specified
strengths and moduli of elasticity of laminations for primary CLT stress grades.
The design provisions and formulas may also be applied to custom stress
grades specified by the manufacturer, provided the CLT layup is balanced,
manufactured with sawn lumber and the panels are of constant width. The
provisions contained within Clause 8 of the CSA 086 are intended for design
of CLT in compression and out-of-plane bending applications. The PRG 320
stipulates that the net thickness of laminations for all directions at the time of
gluing should not be less than 16 mm or more than 51 mm.

WOOd Canadian  Conselil
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Wood Design Manual

Volume 2
Reference Information 895
Commentary to CSA 086 961
CSA 086 Grey pages
Appendix A-3

—]

8
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Wood Design Manual

Volume 2

Reference Information (Page 895)
-Information regarding species and grading
-Connection fastener dimensions

-Miscellaneous information regarding load durations, service conditions,
preservatives, etc.

-Beam diagrams — Page 930
Commentary to CSA 086 (Page 961)

-Proceeds clause by clause with further explanations and diagrams

'/w‘\'\'i“]{ “}l WO O d Canadian  Conseil /
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General 24 Tond compimation:

5.2.4.1 Load combinations for ultimate limit states

The effect of factored principal plus companion loads shall be determined in accordance with the load
combinations in Table 5.2.4.1. The applicable combination shall be that which results in the most
unfavourable effect.

Table 5.2.4.1
. . Load combinations for ultimate limit states
CI 5.2.4 Load Com bl natlons Case Principal lnads* Companion loads
(Page 16 of Grey pages/GP) e mn
-Load combinations for ultimate : o osgmeoms

*Refer to the National Bullding Code of Canada for loads due to lateral earth pressure

and serviceability limit states (i), prsres ¢, and mposes eformaton .

thefer to the National Bullding Code of Canada for o deod load (D) for soll.

iThe principal load factor of 1.5 for a Ive joad (L) may be reduced to 1.25 for liquids in
tarks.

§Refer to the National Bullding Code of Canada for loads on exterior areas.

**The companion load factor for @ ive load (L) shall be increased by 0.5 for storage
occupancies, equipment areas, and service rooms.

5.2.4.2 Load combinations for serviceability limit states

The effect of principal plus companion loads shall be determined in accordance with the load
combinations in Table 5.2.4.2. The applicable combination shall be that which results in the most
unfavourable effect.

Table 5.2.4.2

Load combinations for serviceability limit states
Case Principal loads Companion loads
1 1.00¢ —
2 1.007 + 1.0L 0.557 or 0.4W
3 1.00" £ 1.05 0.5L%F or 0.4W
4 1.00% = 1.0W 0.5Lfor 055
*Dead inads include permanent loods due to kateral earth pressure
(H) and prestress (F).
TRefer to the National Bullding Code of Canada for ioads an
exterior areas.

1The companton load factor of 0.5 for a iive load (L) shall be
Incredsed to 1.0 for storage occupancies, equipment areos, and
SErvice roams.

WOOd Canadian Conseil
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General

Cl 5.4 Serviceability Requirements (Page 19 GP)

-Includes information regarding the Modulus of Elasticity and
Deflection

5.4 Serviceability requirements

5.4.1 Modulus of elasticity

The madulus of elasticity for stiffness calculations, Eg, shall be taken as follows:
E;= E(Kgekp)

where

E = specified modulus of elasticity, MPa

K = senvice condition factor

Kr treatment factor

5.4.2 Elastic deflection

The elastic deflection of structural members under the load combinations for serviceability limit states shall
not exceed 1/180 of the span. For members having cambers equaling at least dead load deflection, the
additional deflection due to live, snow, and wind loads shall not exceed 1/180 of the span. Deflection
under the load combinations for serviceability limit states shall be limited to avoid damage to structural
elements or attached non-structural elements.

MNote: 5e¢ Clouse A.5.4.2 for adaitsonal information on deflection of @ wood frame system under static loods.

5.4.3 Permanent deformation

Structural members that support long term loads in excess of 50% of the load combinations for
serviceability limit states shall be designed to limit permanent deformation. In lieu of a more accurate
evaluation of acceptable deflection limits, an upper limit of 1/360 of the span shall be imposed on the
elastic deflection due to long term loads.
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General

Wood Design Manual (WDM) page 17 — suggested deflection limits

Tabla 2.1 Sarviceability
Deflection Load A e Limitaticn
Criteria Roofs and floors Total L/180" CSA 086
Plastered or gypsum ceilings:  Glulam Liva L/380 Suggested
NLT, CLT
Lumber  Total Lfaso® Suggested
Roofs Snow Lfz403 Suggested
Floors Liwe® L/380 Suggested
Wind columns Wind L1180 Suggested
Motes:

1. LM180 wil control immediate deflection under total serviceability loads. L1360 will control the
glastic deflection under long term loads in cases whare long term loads axcasd 50% of total
sarviceability loads. Refer to Clauss 5.4.2 and 5.4.2 of C3A 088, For CLT, a creap adjustment
factor (K. = 2 iz applied to the instantansous alastic deflection due to long tarm loads, in
accordance with Clause A8.5.2 of CSA O88. The application of the creep adjustment factor
zatisfies the permanent deformation provision of Clause 5.4.3, therefore eliminating the need to
met the additional requiremeants of Clauss 5.4.3 for CLT.

2, Part 9 of the NBC parmits L'360 daflection imitation based on live load for all roofs and floors
with plaster or gypsum board.

3. In Part 9, this is required for roofs with ceilings other than plaster or gypsum. Where no cail-
ings exist, L1180 basad on live load is permittad.

4, For floor beams supporting floors with concrete topping, L3860 based on total specified load is
recommendsd.

5.  For curved glulam members, refer to Secticn 9.2 and Clause 5.4.2 of CSA OB6.
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General

Cl 5.3.2 Load Duration Factor (Page 17 GP)

-Defines load duration factor K, for given loading conditions

Table 5.3.2.2
Load duration factor, K,

Load duration KEnp Explanatory notes

Short term 1.15 Short-term loading means the condition of loading where the duration of the
specified loads Is not expected to last more than 7 days continuously or
cumulatively throughout the Nfe of the structure.

Examples Include wind loads, earthquake loads, falsework, and formiwork, as well
as Impact loads.

Standard term 1.00 Standard term means the condition of loading where the duraticn of specified
loads exceeds that of short-term loading, but s less than long-term loading.
Examples include snow loads, [ive loads due to eocoupancy, wheel loads on
bridges, and dead loads In combination with all of the above.

Long term .65 Long-term duration means the condition of lnading under which a member Is
subjected to more or less continucus specified load.

Examples indude dead loads or dead loads plus live loads of such character that
they are Imposed on the member for as long a period of tme as the dead loads
themsehves. Such loads Include those usually occurring in tanks o bins containing
flulds or granular material, loads on retainimg walls subjected to lateral pressure
such as earth, and floor loads where the specified load can be expected to be
continuously applied, such as those in bulldings for storage of bulk materials.
Loads due to fixed machinery should be considered to be long term.

Mote: [oad durotlon requires professional judgment by the designer. Explanotory notes in this Table provide guidance to
designers about the types of loads and load combinations for which each modification foctor should be applied.
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Lumber Grading + Strengths

Cl 6.2.2 & 6.3 Lumber Grading Table 6.2.2.1

Visual grades and their dimensions

( Pa ge 2 1/2 3 G P ) Smaller dimension, Larger dimension,

Grade category mim il Grades
- . Light framing 38 to 89 13 to B9 Construction, Standard
-Table 6.2.2.1 — Dimensional
Structural light 3B to BB 38 to BY Select Structural
lumber grades and "
Structural |otsts and 3B to BB 114 or more Select Structural
d . . planks No. 1, No. 2, No. 3
I I I I e n S I O n S Beam and stringer 114 or more Exceeds smaller dimension  Select Structural
by more than 51 MNo. 1, No. 2
Paost and timber 114 or more Exceeds smaller dimension  Select Structural
by 51 or less MNao. 1, No. 2
Plank decking 38 to B9 140 or more Select, Commerclal

-Tables 6.3.1A-6.3.1D —
Specified strengths and
moduli of elasticity

41 i Wood Canadian  Conseil
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Glulam Grading + Strengths

Table 7.3
Specified strengths and modulus of elasticity
for glued-laminated timber, MPa
(See Clauses 7.5.9.3, 10.5.3, 10.5.4, 10.5.5, 10.6.3.1, 10.6.3.6, 10.6.3.7, A.6.5.6.3.6.)

Ta b | e 7 . 3 G I u |a m ( Pa ge ZD::fhs Fir;::]i: 206-E 206-EX 18t-E 16c-E

EBending moment (pos.), f 306 30.6 25.6 25.6 24.3 14.0
4 6 G P ) EBending moment (neg.), f; 230 30.6 19.2 25.6 24.3 14.0
Longitudinal shear, f, 20 20 20 20 20 20
Compression parallel, f. 30.2* 30.2° 30.2* 0.2~ 30.2 30.2
[ J St re n gt h S a n d Compression parallel combined 30.2* 0.2 1027 102 30.2 30.2
with bending, fo
Compression perpendicular, f, 7.0 7.0 7.0 7.0 7.0 7.0
m O d u I u S Of Compresslon face bearing
Tenslon face bearing 7.0 7.0 7.0 7.0 7.0 7.0
° o Tenslon net sactlon, f, 20.4° 204 20.4° 20.4 230 20.4
elasticity for
Tension gross section, fi 153 15.3 15.37 153 17.2 15.3
G I I Tension perpendicular to grain, f,  0.83 0.83 0.83 0.83 0.83 0.83
u a m Modulus of elasticity, £ 12 800 12 80O 12 400 12 400 13 800 12 400
Hem-Fir and
Spruce-Lodgepole Pine-Jack Pine Douglas Fr-Larch
20f-E 20f-EX 14t-E 12c-E Z4FE 24-EX
EBending moment (pos.), f 256 25.6 24.3 9.8 30.6 30.6
Bending moment (neq.), f 19.2 25.6 243 9.8 23.0 30.6
Longitudinal shear, f, 1.75 1.75 1.75 1.75 1.75 175
Compresslon parallel, f. 252 252 252 252 — -
Compresslon parallel combined 252 252 252 252 — -
with bending,
Compression perpendicular, fep 58 5.8 5.8 58 4.6 7.0
Compresslon face bearing
Tenslon face bearing 58 58 58 58 7.0 7.0
Tension net saction, fi 17.0* 17.0 17.9 17.0 20.4° 20.4
(see Clause 7.5.11)
Tension gross section, fi 127* 127 134 127 15.3% 153
Tension perpendicular to grain, f,  0.51 051 051 0.51 0.83 0.83
Modulus of elasticity, £ 10 300 10 300 10700 9700 13100 13100
;‘The use of this stress grade for this primary application is not recommended.
otes:

(1) Designers should check the avallability of grades befare specifying.
(2) Tobulated values are based on the following standard conditions:
(@) dry service conditions; and
{B)  standard term duration of lood.
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CLT Grading + Strengths

Table 8.2.3 — Primary CLT Stress Grades =~ a2

Primary CLT stress grades

Stress grade Species combinations and grades of laminations
P a g e 4 P El 1950 Fy-1.7E Spruce-Pine-Fir M5R lumber in all longitudinal layers and MNo. 3/Stud

Spruce-Pine-Fir lumber In all transverse layers

E2 1650 Fy-1.5E Douglas fir-Larch M5R lumber in all longitudinal layers and Mo. 3/5tud
Douglas fir-Larch lumber in all transverse layers

E3 1200 Fy-1.2E Northern Specles M5SR lumber in all longltudinal layers and Mo. 3/Stud
Northern Species lumber In all transverse layers

V1 No. 1/MNe. 2 Douglas fir-Larch lumber in all lengitudinal layers and No. 3/5tud Douglas
fir-Larch lumber in all transverse layers

V2 No. 1/Mo. 2 Spruce-Pine-Fir lumber In all longltudinal layers and No. 3/Stud Spruce-Pine-Fir

lumber In all transverse layers

Table 8.2.4 — Strengths and modulus of elasticity

Table 8.2.4

( Pa ge 64A G P) Specified strengths and moduli of elasticity of

laminations in primary CLT stress grades, MPa

Stress Longitudinal layers Transverse layers

gade fr i k6 _fe P E R fp
E1 282 1700 154 193 050 53 7.0 000 3.2 90 050 53
E2 239 10300 114 181 063 70 4.6 10000 21 73 063 70
E3 17.4 8300 &7 151 043 35 4.5 6500 2.0 52 043 35
V1 100 1000 58 140 063 7O 4.6 10000 2.1 73 063 J0
vz 1.8 9500 55 115 050 53 70 000 3.2 90 050 53

Notes:

(1) Tabuiated values are based on the foliowing stondard conditions:
(a)y dry service; and
(b} standord-term duration of bad.

(Z) The specified values are taken from Table 6.3.2 for M3R lumber and Table 6.3.1A for visually stress-groded lumber. The
specified strength in rofling shear, f,, Is taken as approximately 1/3 of the specified strength in shear, f,, for the
coresponding species combingtion. See Figure 8.2.4 for clarification of rofling shear.

(3) The transverse modulus of elasticity, E,, may be estimated as E/30.

(4) The shear modulus, G, may be estimated as E/T6.

(5) The rolling shear modulus, G, may be estimated as G/T0. See Figure 8.2 4 for clarification of rolling shear.

(6) The modulus of elasticity for design of compression members, Ey, shall be taken form Table 6.3.14 for visually
stress-graded fumber and 0.8 2E for M3R Jumber.

Table A.12.1 Relative density values

(Page 225 GP) WOOd Canadian  Conseil
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Lumber Modification Factors
Cl 6.4 Modification Factors (Page 28 GP)

-Modification factors for K, K;, K,;, K, for lumber
-Includes Tables 6.4.2, 6.4.3, 6.4.4, and 6.4.5

Table 6.4.4

Table 6.4.2 System factor, Ky

Service condition factors, Kg

Case 27
Wet service conditions: sawn lumber, For specified strength in Case 1*  Visually graded MSR Built-up beams

Dry service piling, and poles of least dimension Bending 1.10 1.40 1.20 1.10
K Property conditions 89 mm or less Over 89 mm Longitudinal shear 1.10 1.40 1.20 1.10
Ksp  Bending at extreme fibre 1.00 0.84 1.00 Compression parallel to grain 1.10 1.10 1.10 1.00
K Fracture shear 1.00 0.70 0.70 Tension parallel to grain 1.10 — — 1.00
Ks,  Longitudinal shear 1.00 0.96 1.00 All other properties 1.00 1.00 100 1.00
Ksc Compression parallel to grain 1.00 0.69 0.91 *See Clause 6.4.4.1 for conditions applying to Case 1.
Ksp  Compression perpendicular to grain 1.00 0.67 0.67 t5ee Clause 6.4.4.2 for conditions applying to Case 2.
Kst Tension parallel to grain 1.00 0.84 1.00
K¢ Modulus of elasticity 1.00 0.94 1.00 Table 6.4.5

Size factor, K, for visually stress-graded lumber

Table 6.4.3
Treatment factor, Ky

Tension  Compression Compression
parallel  perpendicular  parallel to

Bending and shear to grain, to grain, grain, All other
Dry service Wet service Kb, Kz Kzt Kiep Kz properties
Product conditions conditions . .
Larger Smaller dimension, mm
Untreated lumber 1.00 1.00 Aarger
dimension, 114 or
Preservative-treated unincised 1.00 1.00 mm 38to 64 89to 102 more  All All All All
lumber 38 1.7 — — 1.5 See Value computed 1.0
Preservative-treated incised lumber 64 17 15 Clause 6.5.7.5 using formula in 10
of thickness 89 mm or less . - - . Clause 6.5.6.2.3
Modulus of elasticity 0.90 0.95 89 17 17 - 13 10
Other properties 0.75 0.85 114 1.5 1.6 1.3 1.4 1.0
Fire-retardant-treated lumber See Clause 6.4.3.2 for effects of 140 1.4 15 1.3 13 1.0
fire-retardant treatment.
184 to 191 1.2 13 13 1.2 1.0
235 to 241 1.1 12 1.2 1.1 10
286 to 292 1.0 1.1 1.1 1.0 10

337 to 343 0.9 10 1.0 0.9 ’ 10
387 orlarger 0.8 0.9 0.9 08 - WO Od Canadian Conseil
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Glulam Modification Factors

Cl 7.4 Modification Factors (Page
47 GP)

-Modification factors for K, K;, K,
for Glulam

-Includes Table 7.4.2

Module 5: Design Process

7.4 Modification factors

7.4.1 Load duration factor, K
The specified strength shall be multiplied by a load duration factor, Ky, In accordance with Clause 5.3.2,

7.4.2 Service condition factor, Ky

7.4.2.1

The specifled strengths for glued-laminated timber are tabulated for dry service conditions. For wet service
conditions, tabulated values shall be multiplied by a service condition factor, Ks, In accordance with

Table 7.4.2.

7.4.2.2
Where glued-laminated members that could be exposed to free moisture are adequately protected, an
Intermediate value of K; between 1.00 and that listed In Table 7.4.2 may be used.

7.4.3 System factor, Ky

The specified strengths for glued-laminated timber members In a system consisting of three or more
essentially parallel members spaced not more than 610 mm apart and so arranged that they mutually
support the applied load may be multiplied by a system factor, K, equal to 1.00 for tension parallel to
grain and 1.10 for all other strength properties.

7.4.4 Treatment factor, Ky

For preservative treatment, the treatment factor for unincised glued-laminated timber may be taken as
unity. For glued-laminated timber treated with fire-retardant or other potentially strength-reducing
chemicals, strength and stiffness capacities shall pe based on documented results of tests that shall take
Into account the effects of time, temperature, and moisture content in accordance with Clause 4.3.2.
Glued-larminated members shall not be treated with water-borne chemicals after gluing.

Table 7.4.2
Service condition factors, Ky

Glued-laminated timber

Diry service Wet service
K5 Property conditions conditions
Kgp, Bending at extreme fibre 1.00 0.80
Kgr Fracture shear 1.00 0.85
Kg, Longitudinal shear 1.00 0.87
Ky Compression parallel to grain 1.00 0.75
Ksp Compression perpendicular to grain 1.00 0.&7
Kse Tension parallel to grain 1.00 0.75
Kstn Tension perpendicular to grain 1.00 0.85
Kee Modulus of elasticity 1.00 0.90
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CLT Modification Factors

Cl 8.3 Modification Factors (Page 64A GP)
-Modification factors for K, K;, K,, for CLT

8.3 Modification factors

8.3.1 Load duration factor, Kp
The specified strength shall be multiplied by a load duration factor, Ky, In accordance with Clause 5.3.2.

8.3.2 Service condition factors, Kg

CLT shall only be used In dry service conditions for which Kg, = K = K = Ky, = Ky = K = 1.0,
Mote: (LT structures may be used in wet service conditions only if specifically permitted by the manufadturer based on
documented test data in eccordance with Clouse 4.3.2 and is approved by the certification organization.

May 2016 64A

2 Members Copy Only. Distribution Profibited.

086-14 © 2076 CSA Group

8.3.3 Treatment factor, Ky

For CLT treated with fire-retardant or other potentially strength-reducing chemicals, strength and stifiness
shall be based on documented results of tests that shall take Into account the effects of time, temperature,
and moisture content in accordance with Clause 5.3.4; otherwise, Krshall be equal to 1.0. CLT shall not be
treated with water-borne preservatives after gluing.

8.3.4 system factor, Ky
Ky shall be equal to 1.0 for all strength properties of CLT.
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Shrinkage Calculations

Cl A5.4.6 Building Movement due to Moisture Content Change
(Page 201 GP)

A A5.4.6 Building movements due to moisture content change

Most buildings are able to accommodate small amounts of movement due to moisture content change
in wood members. However, if insufficient considerations are taken during design and construction,
differential movements can become visible or even cause structural or serviceability problems. The
considerations for differential movements become more critical for higher buildings due to the cumulative
effect of movement.

Shrinkage can contribute to overall lateral drift calculations but can be mitigated using shrinkage
compensators and materials subject to less dimensional change.

Attention should be paid to the following areas to avoid potential shrinkage and swelling related
problems in the design, where:
(a) non-uniform movements could occur:
(b} metal connectors are used to support large sawn and glulam timber components;
{c) differential movements could cause distress in the finish materials or building envelope; and
(d) differential movements could cause distress in plumbing, electrical and mechanical systems.

Compatibility with other materials considered in the design detailing. Assuming similar members are
exposed to the same environmental conditions, it is reasonable to assume the same degree of shrinkage or
swelling will occur along each load path. Where wood members are exposed to different environmental
conditions (e.g., seme members are located in a conditioned space while others are in an unconditioned
space), a more detailed analysis is warranted. Similarly, expected movement in non-wood members, such
as contraction or expansion due to temperature changes should be considered.

The shrinkage or swelling of a wood member between the initial and final moisture content may be
estimated using the following equation:

S5=Dx (M;— Mg =c

where

§ = shrinkage or swelling in the dimension being considered (thickness, width, or length) (mm)
D = actual dimension (thickness, width, or length) {mm)

M; = the lesser of the initial moisture content or the fibre saturation point (28%)

M; = the final moisture content
¢ = shrinkage coefficient”
For lumber
= 0.002 for shrinkage or swelling perpendicular to the grain

= 0.00005 for shrinkage or swelling parallel to the grain
*Muore Infarmation on shrinkage coeffickents for individual wood species can be found in the CWCWaood Design Manual. For

other wood products refer to published lterature.
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Effective Length Factors

A.6.5.6.1 Effective length factor, K,

Table A.6.5.6.1
Minimum design values of effective length factor, K,
for compression members

Degree of end restraint of
compression member

Effective length
factor, K,

Symbaol

Effectively held in position and restrained agalnst
rotatlon at both ends

0.65

Effectively held in position at both ends and
restrained agalnst rotation at one end

0.80

Effectively held in position at both ends but not
restralned against rotation

1.00

Effectively held in position and restrained agalnst
rotatlon at one end, and at the other end restrained
against rotation but not held In position

1.20

Effectively held in position and restrained against

rotation at one end, and at the other partially
restrained agalnst rotation but not held in position

1.50

Effectively held in position at one end but not
restrained agalnst rotation, and at the other end
restrained agalnst rotation but not held in position

2.00

Effectively held in position and restrained agalnst
rotation at one end but not held In position or
restrained against rotation at the other end

2.00

ahr

Note: Effective length L. = KL, where L [s the distance between centres of ioteral supparts of the compression member in the
plane in which buckling is being considered. At @ base or capdetall, the distance shall be measured from the outer surface of
the base or cap plate. The effective length factor, Ke , shall be not less than what would be Indicated by rational analysis.
Where conditions of end restraint connot be evaluated closely, a consenative value for K. shall be used.

YVelele
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Lumber: Tension and Compression

Lu m b e r i n CO m p re SS i O n a n d 6.5.6.2 Simple compression members

6.5.6.2.1 General
The factored compressive resistance parallel to grain for sawn lumber, F,, shall be checked for both axes.

L]
Te n S I O n 6.5.6.2.2 Constant rectangular cross-section

The slenderness ratlo, Cr, of simple compression members of constant rectangular section shall not
exceed 50 and shall be calculated for both axes as follows:

* Cl 6.5.6: Compression Parallel to S

member width

the Grain (Page 35 GP) S

member depth

6.5.6.2.3 Factored compressive resistance parallel to grain
The factored compressive resistance parallel to grain, P, shall be taken as follows:

 Cl6.5.7: Compression -
Fe = f.(KpKyKsK7)

Perpendicular to the Grain (Page 38 s

f. = spedified strength In comprassion parallel to grain, MPa (Tables 6.3.1A to 6.3.10, 6.3.2, and

GP)

where
d = dimension in direction of buckling (depth or width), mm
L = length assoclated with member dimension, mm

6.5.6.2.4 Slenderness factor, K.

* Cl| 6.5.9: Tension Parallel to the I e e
Grain (Page 40 GP) YR

where

By = 0.82E for MSR lumber

0.75E for MEL lumber

= as spedfied in Tables 6.3.1A to 6.3.10 for visually graded lumber

6.5.6.3 Spaced compression members

Spaced compression members shall be designed using the specifled strengths and adjustment factors for
sawn lumber.

MNote: Spaced compression members may be designed in accordance with the provisions of Clouse A6 3.6.3.

6.5.6.4 Built-up compression members
6.5.6.4.1 General

Bullt-up rectangular compression members shall consist of two to five Indlvidual members of at least
38 mm thickness |olned with nalls or bolts, or bolts and split ing connectors. The factored compressive
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Glulam: Tension and Compression

Glulam in Tension and Compression
e Cl 7.5.8: Compression Parallel to the Grain (Page 60 GP)
* Cl 7.5.9: Compression Perpendicular to the Grain (Page 61 GP)
e Cl 7.5.11: Tension Parallel to the Grain (Page 63 GP)

7.5.84.2

The factored compressive reslstance parallel to grain, P,, shall be taken as follows: 4 7.5.11 Tensile resistance parallel to grain

_ Thie factored tensile resistance parallel to grain, T,, shall not be less than the maximum factored tensile
Fr=@F ARz K force, T, and shall be calculated as the lesser of
where T.=¢h, A,
g =08 ar
o= fKpKuksKn) o= 6Fy Ay

where

f_ = specified strength In compression parallel to grain, MPa (Table 7.3) whene 09
Kyg = 0.68(Zr013 1.0 e =0

" where Fin = finl(KpKpkaky)
7 = member volume, m® where

f,, = specified strength In tension parallel to grain at net section, MPa (Table 7.3)
A, = net area of cross-section, mm?
7.5.8.5 Slenderness factor, K g = TiKpKkakn)

K- = slenderness factor (Clause 7.5.8.5)

The slenderness factor, K., shall be taken as follows: whara
ek, 2 T fiy = spedfied strength In tenslon paraliel to grain at gross section, MPa (Table 7.3)
Ke=|10s-28 A, = gross area of cross-section, mm?
35E,K Ky
wharg
Es = 0.87E
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CLT: Compression

CLT in Compression

e Cl 8.4.5: Axial compression (Page 64E GP)

e Cl 8.4.7: Bearing (compression perpendicular to the face of the panel)
(Page 64 G GP)

%E}aslz‘t:;'ezd compressive resistance of CLT panels under axial load shall be calculated as follows:
Fr= gFAw Kz Kc
wihere
¢ =08
Fo = f(KpKuKs:K7)
wherna

f. = spedfled strength In compression parallel to graln of the laminatlons orlented parallel to the axial
load, MPa {Clause 8.2.4)

Kze=63(VTZ g 1) 213

[ Ekcd T
o B TR T
c { 35£m(xﬂx,]j
wherg

Ey; = modulus of elasticity for design of compression members, only fior the laminations orented
paraliel to the axial load, MPa (Clause 8.2.4)

L = height of the panel, mm
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ompression Member Selection Tables

Column Selection Tables

Compression Members g o Tmeers
e

. ‘Square timbars Rectangular imbers
S Timb d Glulam:
awn | erS an U a . bimm) [ 140 191 241 282|140 191 241
dimm) [140 191 241 202 |1 241 292
WDM Page 169 1 S LT o (S
m KM kM kN kb kM kM [k kG [kM kA
20 227 447 714 1040 328 309 |5B66 2564 856 865
° CLT W ” . WDM P 201 25 194 411 875 992 301 285 [s35 519 |&1e 17
a S- a e 3.0 162 373 B34 47 | 273 220 |502 470 782 768
35 132 333 500 902 244 180 [468 420 744 TS
40 106 203 545 854 215 145|432 369 705 66O
45 853 255 408 804 | 187 116 [385 a1 |ee3 603
50 685 218 452 782|161 035 [ass 277 |e20 547
55 553 188 406 BO0 |138 754 (322 238 |577 4@
6.0 449 161 384 B46 118 613 (288 203 533 440
65 368 138 324 505|101 502 [257 174 e 3@2
7.0 304 118 287 545 | 863 415 (228 140 |ad9 348
75 101 255 497 | 741 202 127|410 308
B.O 860 225 450 | 637 178 110 |ar3 273
BS 751 200 411|851 158 048 [33m 242
0.0 651 177 ar2 | 477 140 &2 [307 214
I 110 311 585 920 [228 151 (484 302 7@ TO9
_ | 25 703 230 480 810 168 050 (3m0 200 |667 @ GA2
: 30 457 167 382 688 |12 624 (308 210 |56 463
L {35 308 121 209 575 |86 420 (237 152|474 362
! 40 B8E 233 473|850 184 112 |3 282
LA X 45 661 181 387 | 484 144 834 |30 220
50 142 315 113 260 173
~ 55 113 258 BOS 23 137
T L 60 205 212 T 75 110
P 175 144
- 7.0 145 120

Ky=20 Motes:
. P is the factored resistance to buckling about the x-x (strong) axis.
F'r!. is the factored resistance to buckling about the y-y [weak) axis.
. ForL=20m useF forL=20m.
Where F, values are not given, the slendemess ratio exceeds 50 (maximum permitted).
. Tebulated values are valid for the following conditions:
+ standard term load (dead plus snow or ococupancy loads) (K, = 1.0}
+ dry service conditions (Kg = 1.0}
+ no fire-ratardant treatment (K, = 1.0}
*K,=10orK, =20
= concenfrically loaded (e = 0).

5
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Tension Member Selection Tables

Tension Members

e Sawn Timbers and Glulam: WDM Page 220

Tension Member Selection Tables

m Sawn Lumber

Factored tenslie resistance based on gross arsa, T, kN)

Visuslly graded Machine Stress-Rated (MSFR)

Species  Size(bxd) [Select  Modr Mo | 1450F-  1850F-  1BO0OF-  Z100F-  2400F.-
mm Structural  Mo.2 Stud 1.3E 1.5E 1.6E 1.8E 2.0E

D.FrL 53 .63 48.4 265 8.58 274 347 402 53.9 £6.1
38140 | 660 561 13.1 43.1 546 B3.2 84.7 104
3Bx184 | BLO 436 15.8 566 77 B3.1 111 137
38xE35  |BRT 51.3 166
38288 | 104 SE.7 205

Hem-FIr 38 « 63 443 263 146 274 347 533 £6.1
38x140 | 604 SB.6 188 431 546 B3.2 BT 104
38x184 | 732 Y 24.2 SE.E T B34 111 137
38x235 | B5E 54.8 283
38286 | 848 BOLG 3.3

SPF  33xE3 583 251 14.6 27.4 347 402 533 £6.1
38140  |535 342 18.8 431 548 E3.2 BAT 104
3184|648 415 24.2 566 LT B3.1 111 137
g T 48.6 283
38286 | 841 538 51.3

Morthemn 3 B0 263 18.3 813 274 34.7 402 539 £6.1
38k 140 | 366 248 124 431 54.6 B3.2 BT 104
38x1B4 | 4BB 30.2 151 5E.6 717 B34 111 137
SBx235 | 548 354 177
SEx2EE | BLE 381 186
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Lumber: Bending and Shear
Cl 6.5.4: Bending (Page 32 GP)

6.5.4 Bending moment resistance

A 6.5.4.1 General
The factored bending moment resistance, M, of sawn lumber members shall be taken as follows:

M, = @Fp3Kzky
whera
g =09
Fp =GRk k)
where
f, = spedfied strength in bending, MPa (Tables 6.3.1A to 6.3.1D, 6.3.2, and 6.3.3)
Kz, = sizefactor In bending (Clause 6.4.5)
K, = lateral stability factor (Clause 6.5.4.2)

Cl 6.5.5: Shear (Page 33 GP)

6.5.5.2 Shear resistance
The factored shear resistance, V,, shall not be less than the maximum factored shear force, ¥, and shall ba

taken as follows:

v -9k 2ok,

¢ = 09
F = f, (KpKuKs, Kp)

where
f, = specifled strength In shear, MPa {Clause 6.3)

A, = netarea of cross-section, mm? (Clause 5.3.8)
Kz, = size factor In shear (Clause 6.4.5)

Cl 6.5.10: Resistance to Bending and Axial Load (Page 40 GP)

WOOd Canadian Conse?l
SMART  Comci  auto
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Glulam: Bending and Shear

Cl 7.5.6.5: Moment Resistance
(Page 50 GP)

Cl 7.5.7: Shear
(Page 55 GP)

Cl 7.5.12: Combined bending and

axial load (Page 63 GP)

Module 5: Design Process

7.5.6.5 Moment resistance

7.5.6.5.1
Except as provided for In Clauses 7.5.6.5.3 and 7.5.6.6, the factored bending moment resistance, M, of
glued-aminated timber members shall be taken as the lesser of M, or M 5, as follows:

Ma = ¢ RS Kzeg
Mz =8 FSKK
where
§ =09
Fy = KoKy Ky, K7)
where
fy, = spedfied strength In bending, MPa {Table 7.3)
Ky = curvature factor (Clause 7.5.6.5.2)
1 L i
Kirng = [E 10 ﬂ]m 9]00]10 213
e b d L :
where

b = beam width (for single-plece laminations) or the width of widest plece (for multiple-plece
laminations), mm

d = beam depth, mm

L =length of beam segment from point of zero moment to point of zero moment, mm
K, = lateral stability factor (Clause 7.5.6.4)
Note: For beams with one or more points of inflection (i.e,, multi-span beams and cantilevered beams), the size factor is
colcuioted for ench beam segment. The moment resistance for each beam segment, as modified by the oppropriate size
factor, is then compared to the maximum factored moment within that segment.

7.5.7.2 Shear resistance at locations other than end notches

The factored shear resistance of glued-laminated members shall be determined as follows:

(a) For beams of any volume, the total factored loading, W, acting normal to a member shall not exceed
the total factored shear resistance, W, calculated as follows:

W, = 6 F,0.4BA,CyZ015 = Wy

Mote: As an alternative for beams less than 2.0 m? in volume, the factored shear resistance may be colculated wsing
the equation i ltem (Bl

b

For members other than beams, the factored shear resistance, V,, shall not be less than the maximum
factored shear force, Ve, and shall be taken as follows:
24

V., =gk, T?
where
¢ =09
Fo = [AKpKyKs,K7)

where

f, = spedfied strength in shear, MPa (Table 7.3)
Ay = b = d=gross cross-sectional area of member, mm? (Clause 5.3.8)
Cy = shear load coefficient (Clause 7.5.7.5)
Z = beam volume, m’

Mote: The shear resistance requirements of this clause are additional to those applicable to notched members
(Clouses 7.5.7.3 and 7.5.7.4).
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CLT: Bending and Shear
Cl 8.4.3: Moment Resistance (Page 64B GP)

8.4.3.1 General

The out-of-plane factored bending moment resistance, M,, of CLT panels shall be calculated as follows:

(a) for the major strength axis (Figure 8.4.3.2a):
Mr,r = '?Fb Snﬁrxm:-'

where

¢ =09

ﬁ: = rb(KDK:HKSbKT}

Cl 8.4.4: Shear (Page 64D GP)

8.4.4.2 Factored shear resistance
The factored shear resistance, V,, of CLT panels shall be calculated as follows:
(a) for the major strength axis:

24,
Vezy = 0F ;”

where
¢ =09
F; = f(Kpky Ky, Kp)
wihere
f, = specified strength In rolling shear of laminations In the transverse layers, MPa (Clause 8.2.4)

A, ;= gross cross-sectional area of the panel for the major strength axis, mm?

(b) for the minor strength axis:

24, .

Vo =0E

where

g =09

F; = f.(Kp Ky Ky, K7)
where

f. = speclfied strength In rolling shear of laminations In the longitudinal layers, MPa
{Clause 8.2.4)

Ay = gTOSS CToss-sectional area of the panel for the minor strength axis, mm?

Cl 8.4.6: Combined Bending and Axial Compression (Page 64F GP)

Module 5: Design Process
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Bending Members Selection Tables

Bending Members
* Joists: WDM Page 41
* Sawn Timbers, Glulam and Structural Composite Lumber: WDM Page 66
e CLT: WDM Page 115

Woad Design Manual 115

Panel Selection Tables

E CLT (Strength)

Strength Axis
Major Minor 2
Pangl Thicknass | M, V. M., Vo
Grade Number of Plies | (mm) kM+m/m kil kNsmim kM/m
E1 3 105 3a.2 315 1.29 10.5
5 175 B7.B 52.5 11.2 315
7 245 155 73.5 25.8 525
o 315 240 945 45.6 735 s
E2 3 105 324 307 0.845 13.2 a
5 175 745 66.2 7.34 w7
7 245 132 02.6 16.9 66.2
o s 204 119 20.9 92,6 ;
E3 3 105 236 271 0.827 2.03
5 175 54.2 45.2 7.18 274
7 245 857 63.2 16.8 45.2
] 35 148 81.3 20.3 63.2
Vi 3 105 13.8 39.7 0.845 13.2
5 175 a1z B6.2 7.34 39.7
7 245 55.1 02.6 16.9 66.2
] 35 B5.5 119 20.9 02,6
vz 3 105 16.0 315 1.20 10.5
5 175 36.8 52.5 11.2 315
7 245 65.1 73.5 257 Bas
o 35 101 o4.5 45.5 73.5
Mote:
Values are per matre width of nanal. —
sl WOOd Canadian  Conseil
il
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ombined Loading Selection Tables

Wall Panel Selection Tables icombined Loading)

Combined Loading (Axial S cur wer

35 mm ples Maximum combined compressive resistance P, (kM /mj) and Lateral resistance w', (kPa)
M Sply 5-ply
and Bendin o i
P, w' (kPa) w' kPa) w' {kPa) [P, w kPal  w' (kPa} w' (kPa)
L {m} kMim)  (e=0) fe=dif] (e=d/z) | Wm)  fe=0) (e=d/B)  (e=d/2)
. T ] = i ) o0 TT0 TOT o0
186 377 356 314 372 3.0 86.1 722
b Sa W n Tl | I I be rS a n d 270 208 266 204 558 76.9 66.5 456
372 228 186 103 744 2.0 48,1
I | 465 16.7 15 231 485 34
o 558 1.5 528 1120 36.2
Glulam: WDM Page 244 = N
Ta4 3.03 1400 155
30 8 203 316 305 167 76.0 730 BOE
. 144 258 248 226 334 63.4 5.0 50.4
o C LT Wa I I Pa n e I S . W D M 215 203 187 153 502 518 453 323
287 154 132 B74 660 412 325
350 12 B.41 836 T 200
Pa ge 2 7 O an 7.83 428 1000 233
503 473 0516 1170 15.9
574 2.48 1340 9.53
35 547 236 233 227 148 55.4 54.0 512
100 19.0 18.4 17.2 205 458 430 373
164 150 140 12.1 443 370 2.8 243
219 13 101 7.59 501 29.1 235
274 823 6.67 354 738 221 150
328 5.61 373 836 159 7.47
383 3.47 128 1080 106
238 183 1180 621
40 any 18.1 18.0 17.6 129 422 a2 30.4
83.4 147 14.3 1386 257 346 27 289
125 16 1.0 992 386 277 249 193
167 882 8.00 6.63 514 216 178 103
209 6.44 553 a7 643 162 15
250 443 333 114 m 15 5.85
202 278 1.50 200 752
134 149 <01 1080 428
45 320 14.4 14.3 141 m 332 325 313
64.0 1n7 1.5 1o 221 27.1 258 232
96.0 9.28 804 8.28 332 216 19.6 158
128 7.13 6.6 5.80 443 167 14.1 a0
160 526 470 3.60 553 124 918
192 3.66 299 167 664 5.68 4.86
224 233 1.56 774 560
256 128 0.306 BEE 313
Q, (khim) 445 742
Vg, (kN/m) 35 525
[E&J x 10 (Nemm?/m) 1090 4170
(A, % 10° (Nim) 73 146

Notes:

. P, is based on the major strength axis. Values of P range from 0.1 to 0.8 of the maximum
compressive resistance, and are bassd on short-term boad duration #; = 1.15).

. w', is the maximum factored uniform wind resistance that satisfies the interaction equation
for & given F'“ vahe.

. The eccentricity calculations assume that the panel ia loaded eccentrically at the top and
concentrically at the bottomn. Calculations consider eccentric loading at the top of the wall
and the mid-height of the wall

4. Where values are not provided, the slendemess ratio G, exceeds 43 or the combination of

P', valug and & excesds capacity. ;
WOO d Canadian  Conseil
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Lateral Load Resisting Systems
Cl 11 — Lateral Load Resisting Systems

Potentially useful clauses include:
* Cl 11.4 Modification factors (Page 90 GP)
Cl 11.5 Strength and resistance of shear walls and diaphragms (Page 93 GP)
Cl 11.7 Deflection of shear walls and diaphragms (Page 103 GP)
Cl 11.8 Seismic design (Page 104 GP)
Cl 11.9 Design of CLT Shear walls and diaphragms (Page 108 GP)

11.9 Design of CLT shearwalls and diaphragms
Note: The provisions in this Clause should be used in conjunction with the CW\C Commentary on C5A OB&.

11.9.1 General

11.9.1.1

Clause 11.9 shall apply to platform-type constructions not exceeding 30 m in height. For high seismic
zones (i.e., lg Fy 55(0.2) = 0.75), the height shall be limited to 20 m. Alternative systems shall be designed
in accordance with Clause 4.3.2 of this Standard and NBC subsection 4.1.8.

11.9.1.2

The factored shear resistance of CLT shearwalls shall be governed by the resistance of connections
between the shearwalls and the foundations or floors, and connections between the individual panels,
calculated using methods of mechanics, assuming each individual panel acts as a rigid bedy.

11.9.1.3
The factored shear resistance of the diaphragms shall be governed by the resistance of the connections

between the diaphragms and the supporting structure and the connections between the individual
panels, calculated using methods of mechanics, assuming each individual panel acts as a rigid body.

;“'\'z“h"‘,‘l‘-}' WOO d Canadian  Conseil
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Shear Walls and Diaphragms Selection

Diaphragms
* Design procedure: WDM Page 572
e Selection tables: WDM Page 580 Shearwall Selection Tables

a3 Factored Shear Resistance V128 (kN/m)

Panal: DFP

Panets appled dirsctly to reming
Stud speciee | Common nall size Panal Mall spacing &t panel sdges (mmj
thickness
D.FIr-L Lengtn (n.}| Diameter mm) | jmm) 150 125 100 75 50
75 334 4.0 496 521" 521
‘ a r Wa S 85 385 457 5.42 880 B85
252+
e a2 125 41 483 6810 7T 104
. 155 438 528 851 829 108
* Des ocedure: WDM Page 607 I
ign pr ure:
8.5 428 513 6.37 a1z B.38"
2 284 -
. 125 479 E.74 (A 205 118
* Selection tables: WDM Page 623 m5  fom  ew  m  em  ws
* 75 402 4.E2 521" 321" 521"
B85 435 522 64T 823 B.38"
2 287
125 485 562 7. 918 19
155 535 E42 785 101 131
75 480 521° 521" 521" 521"
85 515 618 765 938" 838"
2l
2z 325 125 589 B.E2 8.45 108 140
155 823 T4E 9.24 11.8 153
75 4368 521° 521" 521" 521"
8.5 532 E38 rEh 236" 838"
2-12 333 -
125 5.88 7.03 am 11.08 144
155 (] TE3 a5 124 157
75 521" 521" 521" 521" 521
85 B804 724 aar 838" a.38"
3 366+
125 880 TE2 aal 125 182
155 7aT BED 0.7 136 178

WOOd Canadian Conseil
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Connection Design
Cl 12.2 General Requirements (Page 110 GP)

» Shear resistance, modification factors

Cl 12.4 Bolts and dowels (Page 126 GP)
e 12.4.3 Placement of fasteners (Page 127 GP)

e 12.4.4includes Lateral and Yielding Resistance, Embedment Strength,
Tension resistance (Page 130 GP)

Spacing of fasteners
inarow

S 5 2 dd,

I

|
Unloaded edge ———
distance

£ &
. Row spacing
£, = maximum Applied
g - s = L [y
e
=2,n=3

a
Loaded end distance
0, = maximum | Sd; or 50 mm}

a) Member intension

" "
S —
e, I
Applied
- 5, o= & <:| App
e by
T T
»
PR |
2 Mote: n,=2,n = 3
Unloaded end distance

@z maximum {4d; or 50 mm )

b) Member in compression

pacing
row spacl
loaded end dista
& = unloaded edge distance 1\‘* ;I)" W O O d Canadian  Conseil
A Figure 12.4.3,1 )
PI: £ bolts MPEMEs in WesideiiP6Eaa parallel to grai %;;,:;]r?‘ Wood canadien
acement of bolts o e paralicl tograin flil S M A RT Council du bois




Connection Design
Cl 12.6 Lag Screws (Page 139 GP)

Cl 12.9 Nails and Spikes (Page 166 GP)
* 12.9.4 Lateral resistance (Page 169 GP)

e 12.9.5 Withdrawal resistance (Page 171 GP)
* Table A.12.9.5.2 Nail and spike characteristics (Page 233 GP)

¥
ey

o
a__ [ ___ b
t ¥ . fnr—a-—lﬂ—a’lnr—
s e 0
. .

WOOJQ
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WDM Connections

WDM Page 321

 Visualization of spacing requirements and genera design considerations

;ﬁg T2 Single line of staggered fasteners

lines of

Nails and Spikes: WDM Page 327 ™ ™77 ==
* Selection Tables: WDM Page 332 et e

Odd number of multiple lines

One row of sl and one row of Mres (whane total capacty - lowest fastener capacity X numDer of
Tasteners In joint) or three rows of tree (whichever Nas the least factorad reststance)

Sx4a
- ————— L —————————
- > t}
- —————————— *—————
Three rows of thrae Ssda
> —————— —————f—————————
- - ——— .—}L
- ————— > —————

| " WOOd Canadian  Conseil
Module 5: Design Process ‘ S M A RT \CNood | Zansdien
(11008 ounci u bois




WDM Connections

Bolts and Dowels: Page 383
* Bolt Joint Configurations: WDM Page 395
* Bolts and Dowels Selection Table: WDM Page 398

Bolt Selection Tables

Joint Configurations

aralkgl tg majogstre) CLT perpen u|aftDmiJOr5‘rEﬂ th axis
P BEUTES: DesSign Proeess

Wl @wood  cnaten  consei /
il d di
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WDM Connections

Lag Screw: Page 459
* Lag screw selection tables: WDM Page 467

7.6 Lag Screws

General

Lag screws may be used alone or with timber connectors in situations where
through bolts are undesirable or impractical (Detail 7.24a). Lag screw materi-
als and dimensions are specified in ASME Standard B18.2.1 Square and Hex
Bolts and Screws (Inch Series). The steel must meet or exceed the properties
of SAE J429 Grade 1.

Usually lag screws are manufactured with regular square heads and cone
points, but they can be obtained with hexagon heads and gimlet points. A

typical lag screw joint is shown in Figure 7.9.

Figura 7.9
Typical Counterbare Lead hole

screw joint |

% pgm;
Into main
MEMDEr = Lt

S S

Skte piats or Lengtn af e
‘Secondary member

U ===
Main mambar e

Lag screws may be used with wood or steel side plates. Since lag screws
are threaded, they may be designed to resist withdrawal loads as well as
lateral loads.

For lag screw connections into CLT panels, the embedment strength
equations are factored by J,=0.9. The factored lateral resistances parallel
(P} and perpendicular (O ) to the grain for CLT selection tables incorporate
J,=0.9.

Availability
Lag screws are generally available in impenal sizes. Typical sizes range from
3" to 12" in length and from 1/4" to 1" in diameter. However, the availability

of long lengths should be confirmed before specifying. Chapter 11 contains
information on standard lag screw dimensions.

WOOd Canadian Conseil
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Fire Safety
Annex B (Page 235 GP)

. B . 3 _ Re5|sta nce fa cto rs ( Page 23 6 G P) Design charring rates for wozi:r;‘:l?;:'i:od—base: products, mm/min
* B.4/5—Char depths (Page 237/239 GP) T E—

Structural Composite Lumber 0.65% 070

Cross-laminated timber 0.65 0.80

*Vaiues are only applicable to wood-based structural composite iumber products.

e B.6 — Reduced cross section resistances (Page 239 GP)
* B.8 — Surfaced protected by gypsum board (Page 240 GP)

. B.8 Surfaces protected by gypsum board

B.8.1 Gypsum board

Provided that surfaces are protected from fire exposure by fire-rated Type X gypsum board, the assigned
fire-resistance duration calculated in accordance with Clause B.7 can be increased by the following times:
(a) 15 min when one layer of 12.7 mm Type X gypsum board is used;

(b} 30 min when one layer of 15.2 mm Type X gypsum board is used;

(c) 60 min when two layers of 15.2 mm Type X gypsum boards are used; or

(d) 60 min when two layers of 12.7 mm Type X gypsum boards are applied to CLT.

B.8.2 Gypsum board fasteners

The values in Clause B.8.1 shall only apply where the fasteners used to attach the gypsum board penetrate
the wood element a minimum of 25 mm and are spaced a maximum of 300 mm on centre and each
length of gypsum beard is attached by a minimum of two rows of fasteners that are off-set by half the
fastener spacing if row spacing is less than 300 mm.

Mote: Steel or wood furring providing o gop between the qypsum board and wood member will not reduce the addrtional
fire-resistance attributed to the gypsum board provided the gypsum board fostener spacing requirements in Clause B8.8.2 are
met, and the fasteners wsed to attach the furming elements to the wood structural elements penetrate the wood structural
elements g minimum of 25 mm.

B.8.3 Joints

The values in Clause B.8.1 shall anly apply where the exposed joints of the gypsum board are taped and
finished. When multiple layers of 15.9 mm Type X gypsum board described in Clause B.8.1 are used, the
joints shall be off-set between the base layer and face layer.

WOOd Canadian Conseil
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Fire Design

Fire resistance ratings

* Pre-assigned ratings: WDM Page 767
 NBC Division B Appendix D method for Glulam: WDM Page 773

Beams
* CSA-086 Annex B method (large cross section): WDM Page 775
* Beam selection tables for fire resistance ratings: WDM Page 784

Columns
e CSA-086 Annex B method (large cross section) WDM Page 805
* Column selection tables for fire resistance ratings: WDM Page 816

;“'\'z“h"‘,‘l‘-}' WOOd Canadian  Conseil
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Fire Design
CLT Floor and Roof Panels

e CSA-086 Annex B method (large cross section): WDM Page 857
* Floor panel selection tables for fire resistance ratings: WDM Page 864

CLT Wall Panels
e CSA-086 Annex B method (large cross section): WDM Page 866
* Wall panel selection tables for fire resistance ratings: WDM Page 873

Solid Wall Panel Selection Tables for Fire Resistance

= CLT
35 mm plles

Major Strength Axis Minor Strength Axis
Mumber of plles | 3 5 T 8 3 5 7 ]
Panel thickness (mm) | 105 175 245 HE 105 175 245 15

L F, P, P, P, P, F, P, F,

m KN KN KN KM KN kM KN kM

20 T8 2180 3380 4470 a0 1530 210

25 484 1880 3140 4210 T3 1420 1920

3.0 308 1570 2680 39a0 848 1320 1840

35 210 1280 2810 3o §22 1200 1750

40 1040 2340 3540 415 1080 1650

45 835 070 3280 328 BET 1550

5.0 872 1810 3040 282 B85S 1450

EE 543 1580 2780 751 1350

8.0 442 1370 2550 E56 1250

B.5 363 1180 2310 57 1140

70 1020 2080 437 1050

75 EBT 1E80 433 954

8.0 770 1630 37T BET

85 BED 1520 329 78T

2.0 584 1380 713
’ |‘ “ . .
W Canadian  Conseil
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Structural Analysis
Shear, Bending and deflection Diagrams (WDM Pg 930)

» Often overlooked but most cases are there. Chapter 11 also provides specific
guidance to modifying deflection approaches.

Beam Diagrams and Formulae™

Simple Beam

1. - I
Uniformly

- x RV =
distributed load wi
HANnm (1
R i r Wi Vo . = “(?x)
md— 2 — Mmax. (atcenter) . = “sz
i
Shear ‘\N‘U\I" My = 15 (i-x)
Amax. (atcenter)_ . . .. ... .. = %
_t_*
Ay Rp—

Moment

Module 5: Design Process
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