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Architektur, Holz und Bau

Seismic performance of cross-laminated-timber 

shear walls and recent research on hold-downs

Thomas Tannert

Summary

• Mass-timber construction worldwide is on the rise, and 
Canada is contributing to the developments

• Several novel solutions for hold-downs are available for 
mass-timber shear walls to meet high seismic demands
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UNBC’s Wood Engineering program is housed in the 24.5m tall 
Wood Innovation Design Centre

UNBC offers an MEng in Integrated Wood Design
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Our research is conducted in the Passive-house certified Wood 
Innovation Research Lab, NA’s most airtight industrial building

Air tightness: 
0.07 ach @50 Pa
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Content

• Mass-timber construction in Canada 

• Lateral load resisting systems 

• Design of CLT shear walls according to CSA-O86

• Hold-downs for mass-timber shear walls

Early tall timber buildings

Leckie Building, Vancouver, 1908
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Early tall timber buildings

Butler Square, Minneapolis, 1906, 44m tall

Objective-Based Building Code since 2005
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6-storey light-frame wood construction since 2009

British Columbia Wood First Act in 2009
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Introduction of Cross-Laminated Timber in Canada

FPInnovations’ CLT Handbook:

“Tall Wood” initiative starting around 2011
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“Tall Wood” initiative

CLT included in CSA-O86 IN 2014

Clause 11.9 has been added for the design of CLT 
shearwalls and diaphragms for platform-type construction
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UBC Brock Commons student residence 2016

Height restrictions of wooden buildings

-2022

Encapsulated 
mass-timber 
Up to 12 Storeys 
NBCC



Tannert: Seismic performance of CLT shear 
walls and recent research on hold-downs

Dec 2023

10

Content

• Mass-timber construction in Canada

• Lateral load resisting systems 

• Design of CLT shear walls according to CSA-O86

• Hold-downs for mass-timber shear walls

Load path need to be provided to resist
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Lateral load-resisting systems

Light-frame wood shear walls

Cross-laminated timber shear walls

Braced frames

Moment frames

Post-tensioned frames

Hybrid systems

Platform vs balloon framing

CLT handbook
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Seismic ductility reduction factors in NBCC 2020

Structural type DCM Overstr.

CLT shear wall system (platform-frame) 2.0 1.3

Light-Frame buildings 3.0 1.7

CLT Vertical cantilever (balloon-frame) 1.0 1.3?

Concrete coupled ductile shear walls 3.5 1.7

Behaviour factors for systems in pre EN 1995

Structural type DCM DCH Overstr.

CLT shearwall system (platform-frame) 2,0 3,0 1.3

Light-Frame buildings 2,5 4,0 1.3

CLT Vertical cantilever (balloon-frame) 2,0 - 1.6
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Light-frame wood shear walls

Connections typically 
the critical element!

Light-frame wood shear walls

Source: APA DES130: Lateral loads
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CLT shearwalls

CLT shearwalls: possible kinematic motions

sliding rocking combination

sliding/rocking

NO Racking!
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Impact of wall aspect ratio on wall kinematic

Shahnewaz et al

Coupled vs. single wall kinematic behaviour

CLT handbook
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Content

• Mass-timber construction in Canada

• Lateral load resisting systems 

• Design of CLT shear walls according to CSA-O86

• Hold-downs for mass-timber shear walls

CSA-O86 2016 supplement
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RdR0 = 3.0 RdR0 = 1.3

H/L ≥ 1.0 H/L < 1.0

CSA-O86 2016 supplement

CSA-O86 2019 design provisions

X
X

X
X
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√

√

√

X
X X

CSA-O86 2016 supplement

CSA-O86 2016 supplement
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Sliding                           Rocking                          
Combination

CSA-O86 2016 supplement

CSA-O86 2016 supplement
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CSA-O86 2019 provisions

39

The NBC subcommittee on earthquake design 
requested several changes to clause 11.9 of 
CSA-O86!

CSA-O86 2019 design provisions

X X
Rocking Only!
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CSA-O86 2019 design provisions

RdR0 = 3 RdR0 = 1.3

H/L ≥ 2

H/L ≤ 4
H/L < 2

RdR0 = 1.3

H/L > 4

CSA-O86 2019 design provisions

X
X

X
X
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Design proposal Casagrande et al.

Will partially be adopted in CSA-O86

Challenges in design
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???

Challenges in design

b s sl r wall         

Not a shear wall?

Challenges in design
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Impact of perpendicular walls?

Shahnewaz et al

Challenges in design

multi-storey deflection 

CLT handbook

Challenges in design

How to limit cumulative bending effect to less than 20%?
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Content

• Mass-timber construction in Canada

• Lateral load resisting systems 

• Design of CLT shear walls according to CSA-O86

• Hold-downs for mass-timber shear walls

CLT shear wall connections
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Vertical joints

Deformation compatibility of hold-downs

The factored resistance of discrete hold-downs shall be 
at least 20% greater than the forces developed in them 
when the vertical joints reach their nominal resistance. 

Required uplift 
for 2:1 panel: 24mm

Required uplift 
for 4:1 panel: 12mm

2% drift = 48mm
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“Traditional” Hold-downs

Pull-out failure Net tension 
failure

Shear failure

Edge break out Group tear-outWood crushing

UNBC tests with nail connections
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Dowelled slotted-in steel plates

Foto: Fast+Epp

Pinching-free connectors

Source: Thesis Nicholas Chan
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Resilient slip friction connection

Foto: Fast+Epp

Modified HSK connector
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Perforated internal steel plates

Internal steel tube connector
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Hyperelastic hold-down

UNBC tests with STS hold-downs
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Application in full-scale two-story tests

Extension towards balloon-framed CLT shear walls


