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Part I - Structural Wood Products

• Sawn lumber

• Structural panel products

• Engineered wood products (EWP)
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Sawn lumber for construction



Dimension lumber – Manufacturing 

process

Debarking

Log conversion

Log

Edging

End trimming

Drying

Planing

Grading

Green, rough sawn



Advanced Lumber Production 

System – scanning machine

Use of advanced scanning 

system for log

– determine the best way to 

saw a log



Advanced Lumber Production 

System – scanning machine

Use of scanning system for 

edging and trimming of lumber 

Trimming
Edging



Sizes for lumber products
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A 2x4 is not 

exactly 2” x 
4”!!

½” smaller

3/4” smaller

½” smaller



Lumber species groups

• Canadian structural lumber is marketed 
under 4 main species groups



Natural defects in lumber

• Clear and straight grain wood is 
the strongest and presence of 
defects reduces strength

• Knots 
– distortion of the fibres around the 

knot, resulting in cross grain and 
stress concentration

– Primarily reduce bending and 
tensile strength

• End splits and checks
– Result of drying

– Primarily reduces shear strength



Structural Strength Grading

• Process by which wood product is classified 
into strength categories (i.e. grades)

• Building code requires that lumber and timber 
be graded

• Two processes:

– Visual grading – visual inspection of the number 
and size of natural defects

– Machine grading (Machine-stress rating or MSR) – 
measurement of strength prediction properties by 
a machine



Visual grading process

• Key characteristics used :

– size and location of knots

– slope of grain

– wane

– size of shakes, splits and 
checks

• Used to be performed by 
humans, now vision 
scanning machines



Visual grade stamp

3.  KD (Kiln Dried): MC ≤ 19% (on average 15%)
5.  HT: Heat treated at 56°C for 30 min minimum 

to eradicate eggs of bugs and inserts

(Grading agency)



Machine grading

• Machine to 

measure a non-

destructive 

property that 

correlates well 

with strength

e.g. Modulus of elasticity 

and density

Bending-type grading machine

Picture of a grading machine



Machine Grade Stamp

Moisture 

condition 

– Surface dry

Species 

group

Mill number

Grading agency

- Alberta Forest Products Association)

Machine grade 

-1800 is bending design property in psi

- 1.6E is MOE in million psi



Comparison between visual and 

machine grading
• Machine grading (MSR)

– Each piece is tested mechanically and qc requires 

strength testing

– Faster

– Can select grades with higher design properties

– Expensive

• Visual grading

– No mechanical testing

– Slower process

– Grading rules are set – rigid system

– More cost-effective
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Kiln-drying of lumber
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• Lumber used in building 

construction must have MC ≤19%
• Wet lumber can cause problems 

in service

– Lower mechanical properties

– Shrinkage may cause warping and 

twisting

– Potential of mould growth and decay

– Heavier leading to high shipping cost

• Even kiln-dried lumber (MC 15% - 

19%) will dry in service (EMC 8% 

- 12%)

Large dry kiln



Finger-joined lumber

• End grain (butt) joints are weak 

in tension

• When bond line is sloped, 

applied force is partly resisted by 

shear

• Allows short blocks to be end-

joined to produce longer, more 

useful lumber

• Tensile strength can be 80-90% 

of unjointed wood

Butt

Scarf

Finger

θ

θ

Joint profile



Finger joint characteristics
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• Finger joint strength is influenced by slope, 

length and tip width of finger profile
– Increases with slope (θ)

– Sharper tip (t) provides higher strength

– Increases with length (L)



Applications of finger-joined 

lumber
• Used interchangeably with regular lumber 

i.e. finger joint is ignored in grading

– Defects such as knot have bigger impact on 

strength than finger joints

• A major use is as stud (minimum twisting 

and warping)

• Wood I-joist flanges

• Laminations in glulam and CLT

https://youtu.be/Bxr96hqBtyw
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https://youtu.be/Bxr96hqBtyw


Plywood – construction sheathing

Oriented Strand Board (OSB) – 

construction sheathing, I-joist web

Panel products not intended for structural applications:

 Particleboard – furniture

 Medium density fiberboard (MDF) – furniture, millwork, 

moulding

Structural Panel Products

Plywood

Oriented strand board 

(OSB)



OSB

https://youtu.be/kz2_xIV-3Es

https://youtu.be/kz2_xIV-3Es
https://youtu.be/kz2_xIV-3Es
https://youtu.be/kz2_xIV-3Es


Plywood

• Thin veneers that are cross-laminated for 

strength, stiffness and dimensional stability.



Manufacturing process
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Applications

Floor / Roof sheathing

Wall sheathing
Web in wood I-joist



Comparison between plywood 

and OSB

• Mechanical properties are similar - OSB tends to 

have higher shear strength

• OSB swells more than plywood in thickness

• OSB mechanical properties are more affected by 

moisture than plywood

• OSB is for dry use only, whereas plywood can be 

used in wet applications

• Density : 550 - 650 kg/m3 for OSB, 450 – 500 kgm3 

for plywood (heavier to handle)
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Engineered Wood Products



Engineered Wood Products (EWP)

• Glued-laminated timber (glulam)

• Wood I-joist

• Structural composite lumber (SCL)
– Laminated veneer lumber (LVL)

– Parallel strand lumber (PSL)

– Oriented strand lumber (OSL)

– Laminated strand lumber (LSL)

• Cross laminated timber (CLT)

• Other mass timber panels
– NLT, GLT and DLT



Characteristics of Product 

Engineering Process

• Stronger materials are located at most 

stressed zones

• Large defects are removed and defect sizes 

are minimized

• Use of glue strengthens product

• Use of heat and pressure for some products 

improves mechanical properties 

(densification)

• Drier materials lead to a more stable 

product



Product Engineering Process

In beams, maximum stresses 

are at the outer edges

Maximum
stress



Product Engineering Process
Example : Glulam

Highest 

quality 

laminates 

on outside

Low 

quality 

laminates 

in the 

middle



Product Engineering Process

Veneer

Grading and 

Sorting of 

Veneers

Dispersion of defects

Higher quality veneers 

on the surface

Example : LVL



EWP in Residential Construction

Beam and Post

Header



EWP in Bridge Construction

Vehicle 

bridge



EWP in Commercial Structure

Sports 

hall



Glued-laminated Timber (Glulam)
The oldest engineered wood product – developed in 1903 in 

Germany

Highest 

quality 

laminates 

on outside

Low quality 

laminates in 

the middle



http://image.slidesharecdn.com/masstimberproduct-gluedlaminatedtimber-130503114447-phpapp01/95/an-innovative-and-versatile-mass-timber-product-glued-laminated-timber-2-638.jpg?cb=1367581629

What is Glulam?! 

A laminated member made of dimension lumber 

and a structural adhesive

Finger joint

Could be curved

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi-5aG6ptDKAhWimIMKHb2ZAfYQjRwIBw&url=http://www.slideshare.net/rethinkwood/an-innovative-and-versatile-mass-timber-product-glued-laminated-timber&psig=AFQjCNE5X-_DyrRXX1G7JcqAYoH5A0DHag&ust=1454200454630462


E    EX

Glued-Laminated Timber (Glulam)

Quality



Glulam Manufacturing 
http://glulambeams.co.uk/wp-content/uploads/2014/12/production.gif

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjngNO7p9DKAhVBl4MKHQ8pCpoQjRwIBw&url=http://glulambeams.co.uk/about-glulam/what-is-glulam&psig=AFQjCNE5X-_DyrRXX1G7JcqAYoH5A0DHag&ust=1454200454630462


It is manufactured as 

straight members most of 

the time..

https://youtu.be/OzCWStEJHfs

https://youtu.be/OzCWStEJHfs






It can also be manufactured 

to be curved for particular 

applications such as 

arches…



iexpo.com/images_ae/photo-g/59471-3547141.jpg

Source: Mohammad

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOvtbiqNDKAhVpmoMKHcIIBdsQjRwIBw&url=http://www.archiexpo.com/prod/hasslacher-norica-timber/product-59471-909613.html&bvm=bv.113034660,d.amc&psig=AFQjCNECI12bqxk2yn83ToovaAFr72Iw8A&ust=1454201467407924


Source: Mohammad

http://www.google.ca/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiN5rqOqdDKAhVEuIMKHaCEBGUQjRwIBw&url=http://www.archiexpo.com/prod/hasslacher-norica-timber/product-59471-909613.html&bvm=bv.113034660,d.amc&psig=AFQjCNECI12bqxk2yn83ToovaAFr72Iw8A&ust=1454201467407924


Source: Mohammad



Structural Composite Lumber 

(SCL)
• Made by bonding smaller wood 

components to produce large panels using 

durable adhesive
- Laminated Veneer Lumber (LVL)

- Parallel Strand Lumber (PSL)

- Laminated Strand Lumber (LSL)

- Oriented Strand Lumber (OSL)

• Panel size can be up to 3m x 20m

• Thickness can be up to 175mm for PSL or 

75mm for other SCL

• Commonly ripped into one-dimensional 

members for use as beams and columns

Veneer

Veneer ➔ strand 

Flakes



Laminated Veneer Lumber (LVL)

• Moderate strength and 

modulus

• Tendency to split 

which may lead to 

weak connections



Parallel Strand Lumber (PSL)

• Material with strength 

higher wood of the 

same species

• Low connection 

strength due to voids 

in structure

Strand 

thickness : 

3mm 



Laminated Strand Lumber (LSL) & 
Oriented Strand Lumber (OSL)

• Material with high in-

plane strength but 

relatively low modulus

• High connection 

strength due to cross 

grain and high density
Process is similar to 

OSB but strands are 

longer



Laminated Strand Lumber (LSL) & 
Oriented Strand Lumber (OSL)

LSL – strand aspect ratio y/t ≥ 150
OSL – strand aspect ratio y/t ≥ 75

y
Thickness

t ≤ 2.5mm

Length, y



Applications of SCL and glulam

• Beams and columns in residential and 

commercial buildings

• LVL and LSL are used as flange material 

for wood I-joists

• New applications for SCL as mass timber 

panels (similar to CLT)



Wood I-joists

• Flanges made of lumber or 

SCL

• Web is either OSB or 

plywood

• Gradually replacing lumber 

joists in floor construction 

(60% new floors in North 

America)

• Available depths : 240mm to 

610mm

• Light weight and available in 

length up to 16m



I-joist

https://youtu.be/h99ScTThiXQ

https://youtu.be/h99ScTThiXQ


Bending property determination for 

wood I-joist

Ef , Af , If , ftf
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Moment capacity,

Bending 

stiffness,

Notes

1. Ftf is specified tensile strength of flange material (modified by size factor)

2. If, Af and h should account for the rout in flange to connect to the web 

tw
NA

Flange                          Web
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Structural performance of wood I-

joist

• Flanges resist bending moment 

• Web resists shear stress

• Deflection caused by transverse loading should account 

for contribution of shear deformation of the web

• Presence of web opening reduces shear capacity



Application of Wood I-Joist

Floor and 

Roof Joists



▪New generation of engineered 

wood product – developed in 

Europe about 20 years ago

▪Lumber planks stacked cross-

wise and bonded with a glue

▪Cross grain effect:

• High in-plane shear 

strength

• Dimensionally stable 

▪Product thickness : 50 to 300 mm

▪Product plane dimensions: 3m x 

14m

Cross Laminated Timber (CLT)

High shrinkage

High shrinkage



pv

Hydraulic press systems

0.3 MPa

0.8 – 1.5 MPaMost commercial systems 

can press up to 300mm 

thick panel

May be 

available

Source : Schickhofer



Glue stationPress station
© Pictures: MINDA

Processing line - MINDA

40 min. per cycle

20,000 m³/shift/yr

Vacuum station

https://youtu.be/jokkqSTtM74

https://youtu.be/jokkqSTtM74


Cutting and machining by 

CNC machine

Ready-to-Assemble building system

CNC machine to cut to 

size, make opening, 

fastener hole, etc



Evaluation of CLT product 

properties

• Some properties in CLT can be 

calculated using properties of laminates 

(e.g. bending)

• Some properties are difficult to calculate 

or even measure (e.g. rolling shear)



Bending properties – floor and 

roof panels

• Designs generally treat CLT as one-way 

beam and not two-way plate

One-dimensional beam

- Simple formula but 

conservative

Two-way plate

- More complex analysis, but 

accounts for real behaviour



Effective bending stiffness:

(EI)eff = (EiIi +EiAiai
2 )

i=1

n

å

Calculation of bending properties

Layer, i=1…n

where

Ei = modulus of elasticity of layer i

Ii = second moment of area of layer i

Ai = cross sectional area of layer i

ai = distance of centroid of layer i to 

centroid of cross section

1

2

3

E1, I1, A1

E2, I2, 

A2

E3, I3, A3

4

5 E5, I5, A5

E4, I4, 

A4



Bending strength (moment) capacity: 

Mr = fb,1 ×
(EI )eff

E1
×
1

0.5htot

Mr = fb,1 ×
Ieff

0.5htot

For symmetric section

htot

fb,1 = bending strength of 

laminate in layer 1

1

2

3

E1, I1, A1

E2, I2, 

A2

E3, I3, A3

4

5 E5, I5, A5

E4, I4, 

A4

Calculation of bending properties



❑Under bending, failure could be rolling shear in a 

cross layer

Shear stresses in cross layer

Rolling shear strength & modulus

Rolling Shear failure



Calculation of shear stresses 

under bending
• Shear stresses in various layers can be 

calculated

• Horizontal shear in longitudinal layers

• Rolling shear in cross layers

Source : Schickhofer

v,d
r,d

v,d (longitudinal) and r,d (rolling)

Shear stress distribution

L

C

L

C

L



Measurement of rolling shear 

properties of CLT

• Two methods

– Bending

– Two-plate shear

Bending – North America Two-plate shear

Steel plates



CLT structures



Single-family houses

Source: KLH

Under construction   Finished structure



Low-rise residential buildings

Source: KLH

Under construction   Finished structure



Commercial - gymnasium

Source: KLH

Under construction   Finished structure



Commercial – Office building

Source: KLH

Under construction   Finished structure



Height progression of 

CLT buildings

Melbourne, Australia

2012

9

??

Växjö, Sweden

2008

7 Bergen, Norway

2015

14

2017

Vancouver, Canada

18
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18-Storey Brock Common

Courtesy of UBC/FII



Nail laminated timber (NLT)

Width : up to 4m

Length : up to 20m

Lumber : 2×4 – 2×12

Simple to make and design!



Design and fabrication of NLT

• CSA O86 provides construction details in 

Clause 6.5.11.3.

• Design assumes beam formula and using 

bending strength and stiffness of lumber

• Unlike CLT, special product approval is 

necessary (similar to trusses) – engineer 

seal is sufficient
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Glue laminated 

timber (GLT)

- Similar to NLT 

but with glue 

instead of nails

Pictures : Western 

Archrib, Edmonton



NLT and GLT profiles

Flat

Curved

Fluted



Dowel Laminated Timber (DLT)
• Developed in early 1990’s in Europe
• 100% wood-based – no glue, no 

nails

• Dry hardwood dowels – swelling of 

dowel provides tight-fitting

• Faster process than NLT and GLT

• Similar sizes to NLT but stiffer



Dowel Laminated Timber
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Panel profiles



Dowel Laminated Timber

81Wall panels



Generic vs Proprietary EWP

82

• Generic

– Standardized products according to published 

product standard e.g. CSA, ASTM

– Design properties are published in design 

standards

– Company X’s product has same design properties 
as Company Y’s for the same grade

• Proprietary

– Usually no product standard

– Design properties are unique to the producer and 

approved by a third-party code approval agency



Where to find design properties for 

proprietary EWP?

83



Where to find design properties for 

proprietary EWP?

84



Where to find design properties for 

proprietary EWP?

85

• Design properties are developed according 

to procedures specified by product approval 

agency – NRC Canadian Construction 

Material Centre (CCMC)
Untitled.png

file://localhost/Users/yhc/Documents/DATA/WP/University of Alberta/Courses/CIV E779 (3) - Structural Timber Design (Fall 2017)/Lecture ppt files/LP LVL CCMC Report.pdf


Part II - Structural Wood 

Systems

• Light wood frame construction

– Platform framing

– Balloon framing

• Heavy timber 

– Post-and-beam

– Mass timber panel

• Hybrid

– Combination of above or different materials

86



Factors in selection of 

construction type

• Cost
• Schedule

• Function

– Clear span, clear height, open space, etc.

• Code requirements

– Structural capacity, fire protection, sound transmission, durability

• Appearance 

– Aesthetic considerations

• Environmental issues

– Energy efficiency, thermal insulation, disposal or recycle at end of life 

cycle



Light wood frame construction
• Primarily lumber members spaced closely 

together in a load-sharing arrangement 

• Structural resistance

– Main structural members: lumber

– Secondary structural component: 

sheathing

– Connected by light fasteners, e.g. nails

• Advantages

– High strength-to-weight ratio

– Economical

– Ease of panelization

– Load-sharing in design



Light wood frame construction

• Framing Types

– Platform framing

• Floor assembly is built separately 
from the wall, and therefore is a 
working surface for next floor up

• All walls are one storey high 

– Balloon framing

• The studs for the exterior walls are 
continuous from the foundation sill 
plate to the top plate below the 
roof framing



Platform frame construction

https://youtu.be/OMvKHw4F7MU

• Roof assembly
– Framing: truss or rafter

– Roof sheathing

• Floor assembly
– Framing: joist

– Floor sheathing

– Rim joists

• Wall assembly
– Framing: stud

– Sheathing: wood-based 

panels/GWB

– One storey high & consists 

of top plate (double or single), 

studs, and bottom plate

https://youtu.be/OMvKHw4F7MU


Balloon frame construction

• Wall studs are 

continuous between 

floors below the roof 

framing

– First-floor joists bear 

on the sill plate

– Second-floor joists 

bear on ribbon strip

https://youtu.be/Q1ZPw2cbxtc

https://youtu.be/Q1ZPw2cbxtc


Platform vs Balloon 

Construction
• Platform frame construction

– Advantages:

• Simplicity and ease of erection

– Disadvantages:

• More settlement due to shrinkage 

and compression deformation

• Balloon frame construction
– Advantages:

• Less in total shrinkage

• Reduces variation in settlement of 

framing and the masonry veneer

– Disadvantages:

• Requirement for longer studs

• Difficulty in accommodating 

erection practices and fire-stopping

Stud

Bottom plate

Floor joist

Top plates

Stud

Floor sheathing



Heavy timber – Post-and-Beam

• Timber or glulam members 

spaced far apart in a non 

load-sharing arrangement

• Main members are usually 

connected with heavy 

fasteners, e.g. steel dowels, 

bolts and lag screws, and 

steel plates



Heavy timber – Post-and-beam
• Secondary members often are designed as 

stand-alone members e.g. purlins, floor/roof 

decking

• May require diagonal braces and in-fill shear wall 

to avoid use of moment connections



Heavy timber – Mass timber panel

• Panelized construction for floor, 

wall, elevator shaft and roof 

• Products : CLT, NLT, GLT, DLT and 

SCL

• May only require light gauge fasteners 

e.g. screws and steel brackets

• Height limit ≈ 10 – 12 storeys



Hybrid – P&B + Mass timber 

panels
• Allow longer spans to be 

achieved compared with 

mass timber panels alone

• Same material used in 

whole building – no material 

incompatibility

Brock Commons 

– glulam columns 

+ CLT floor

CLT wall + glulam beam

Glulam P&B + CLT floor / roof



Hybrid – Different materials

• One material can address the weaknesses of 

the other e.g. concrete core for lateral load 

and fire resistance

• In predominantly wood structures, steel and 

concrete members may be used in locations 

where load level is extremely high e.g. 

bottom-storey columns in multi-storey 

buildings

• Indeed nearly all buildings are hybrid to some 

extent, since foundation is typically concrete



Hybrid – Steel + Wood

Steel frame structure with CLT roof 

panels (MEC Building, Edmonton)

Steel frame building with light 

wood floor and wall panels



Hybrid – Steel + Wood

Steel floor beam with timber 

columns and CLT floor deck

GLT deck with steel column 

(LRT station, Edmonton)



Hybrid – Steel + Wood

100

6-storey CLT 

building with a 

steel LLRS, 

Portland, Oregon



Hybrid – Concrete + Wood

• Often rely on structural 

systems built with other 

materials to resist lateral 

load to avoid the need to 

use large connections

18-storey 

CLT

6-storey glulam



Hybrid – Concrete + Wood

• Timber-concrete composite floor

• Light-weight system (c.f. concrete)

Thermal

Acoustics

Fire



Hybrid – Concrete + Wood

• Two main construction forms

• Mechanical connectors, groove/notch and glue

• Acoustics mat placed between concrete and wood

Mass timber panel – concrete slab Timber beams – concrete slab



CLT – Concrete floor

https://youtu.be/_RB5k77V89w

https://youtu.be/_RB5k77V89w


End

Lecture #2
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