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Products R&D and testing

Floor Wal
l

Joist hanger & 
wood I-joist Steel-web beam



Research to support building 
codes and standards



Proposed changes on 
combustible construction 
pending final approval in 
March 2015



Building size limits for mid-rise combustible construction:
- Upto 6 storey of residential and business occupancies
- Mixed use occupancies on lower storeys

Light wood Post & Beam Cross laminated 
timber (CLT)













Earthquake Design:
- Reduced risk of soft-storey by prohibiting Type 4 

and 5 irregularity in shear wall
- Increased seismic design load if natural period is 

calculated by mechanics method (20%)



We will be back to pre-1953 
NBCC

75 ft  
1941

4 storeys  1953 

6-storey or ≈ 21m 
proposed 2015



Structural Design:
- Additional provisions in 2014 edition of CSA O86



1. Placeholder for future design provisions 
for CLT (2016?)

10-storey CLT building, 
Melbourne

Guidance 
documentCLT



2. Finger-jointed lumber grades

New provision permitting use of FJ MSR lumber 
- SPS4 ‘Fingerjoined Machine Graded Lumber (FJ-MGL)’



Special fabrication 
considerations for trusses

Fingerjoined lumber 
specifications do not require 
planing after joining
- Offset < 1/16”

Wide                    Narrow



3. Size factor for glulam beams



Issue with O86-09 requirement

Large reduction in 
capacity for large 
beams
Out of date – not in 

line with national 
and international 
design standards

Large testing program at UBC, 
including 3ft deep beams @50ft span



Impact of change on bending 
moment capacity

- Allows increase for shallow beams
- Addresses the large reduction for large beams 
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4. Shear resistance of glulam with an 
end notch

O86-09



Glulam with an end notch
 O86-2014 harmonizes design provisions for notched 

sawn lumber and glulam members

Shear of 
unnotched
section

Shear of 
compression side of 
a notched section

Fracture 
resistance of 
an end notch 
on tension side



5. Building movement due to shrinkage 
and swelling

Parallel to 
grain

Parallel to 
grain

Perpendicular 
to grain
- Shrinkage 
coefficient is 
40 times

0.048 inch

0.1 inch

0.048 inch

Shrinkage from 
19% to 10% MC

In extreme situation (25% to 5% MC), total shrinkage ≈ 4 inches for 6-
storey building Source : 

b ildi i



Method of calculating shrinkage and 
swelling – Appendix note

Example:
S = 13.75 x (25%-5%) x 0.002 = 0.55 inch

(350mm)                                          (14mm)



6.  Mechanics method for calculation 
capacities for shear wall and diaphragm
 O86-09 – Shear wall and diaphragm design 
strengths are given in tabular format for discrete nail 
size, nail spacing and sheathing thickness

 Strengths were developed by testing



F
Fd Fd Fd

 F ≈ n x Fd

where n = no of fasteners along panel edges, Fd = 
single nail joint capacity
 Other national design standards already adopted 

this approach e.g. EC5, NZ, Australia

Research background



Check both fastening and panel 
buckling strength
 Check fastening

 Check sheathing panel buckling (for thin sheathing)



Mid-ply shear wall



7. Deflection in mid-rise buildings (6 
storeys)
 Deflection of a single shear wall

Stud 
bending

Panel 
shear

Nail 
slip

Hold-down 
uplift



O86-14 Annex A

Stud 
bending

Sheathing 
panel 

Fastener 
slip

Hold-down 
uplift

Stacked shear 
wall panels

Rotation at lower 
storeys affects total 
deflection at an 
upper storey



Multi-storey effect
 Total deflection at an upper storey due to shear in panels and 

fastener slip is a simple summation of interstorey deflection

Sheathing 
panel 

Fastener 
slip



Multi-storey effect
 For bending deflection and deflection due to hold-down slip, 

the rotation of wall panels needs to be considered

Stud 
bending

Hold-down 
uplift



P1

P2

P3

P4

P5

P6

Mi = overturning moment
Vi = shear force in shear wall
(EI)i = bending stiffness of boundary 
member



Similar concept for deflection 
caused by hold-down elongation



Impact of change

Building data
Size : 9.14m x 9.14m
Storey height : 3m
Location: Vancouver

Impact can be significant (≈ 50% more)



6. Fire resistance of large cross-section 
timber members 

Light framing – faster burn-through Massive timber – slower or no burn-through



2x6 nail-
laminated

Heavy timber retains 
structural integrity during fire



Source : FPInnovations.
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Response of wood to Fire

 Although wood 
burns at about 
220°C, it has the 
natural ability to 
form a protective 
layer on the 
surface that slows 
down burning



Fire Resistance Test – CLT floor

Source : FPInnovations.



Scope of Annex B

 FRR of a building assembly is 
traditionally evaluated by testing to 
CAN/ULC-S101’ Standard methods of 
fire endurance tests of building 
construction and materials’

 Annex B provides an engineering 
approach to predict FRR of wood 
elements exposed to the standard 
test, CAN/ULC-S101 



New Annex B – Charring method

 Fire performance of 
heavy timber member 
can be easily calculated 
since charring rate of 
wood is fairly constant 
≈ 0.7mm/min



Structural design for Fire

Ufire = specified loads during fire 

RfireR

Source:GHL Consultants

(Unfactored)
(=1)

(mean strength)

αU = factored loads α U ≤ ϕ R



Scope of new Annex B
 Materials covered: sawn timber, glulam 

and Structural composite lumber (SCL)

5%

50%



Charring rates for various 
materials

- Wall, floor

- Rectangular cross 
sections



Heated layer – assumed 
zero strength

Source : FPInnovations



Example – bending resistance 
of glulam

2. Calculate the char 
depth around the 
member

3. Calculate the zero strength layers and 
effective residual cross section, Sres

1. Assume a fire resistance rating (t in 
min)



Example – bending resistance 
of glulam
4. Calculate the moment resistance of 

the residual cross section, Fb,fi Sres

where Kfi =factor to convert from 5th percentile to 
median strength (1.35 for glulam)

6. If Design load effect > Fb,fi , revise time t 
and recalculate until resistance > load 
effect 

Design load effect = 1.0D + 1.0L

5.  Calculate the load effect using unfactored
load



Contribution of gypsum board

Gypsum Board Members Fire Resistance Rating

One layer of 12.7mm (½ in) GWB 15min

One layer of 15.9mm (⅝ in) GWB 30min

Two layers of 12.7mm (½ in) GWB 40min

Two layers of 15.9mm (⅝ in) GWB 60min

Three layers of 15.9mm (⅝ in) GWB 90min

Four layers of 15.9mm (⅝ in) GWB 120min



Mid- to high-rise wood 
buildings around the world

9-storey, London 
(2009)

10-storey, 
Melbourne (2012)

7-storey, Växjö, 
Sweden (2008)



14-storey, Bergen, Norway (2014-15)
https://www.youtube.com/watch?feature=player_detailpage&v=e5XsqauBCX4

Mid- to high-rise wood 
buildings around the world

https://www.youtube.com/watch?feature=player_detailpage&v=e5XsqauBCX4




Thank you 

Email contact :
yhc@unb.ca
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