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MOTIVATION
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FPInnovations’ CLT handbook
State-of-the-art peer-reviewed technical source for designers that facilitates use of 
CLT as alternative solution (2013)
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Second edition (2019)First edition (2013)



“Tall Wood” initiatives
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Origine, Quebec City (13 Storeys)
https://www.thinkwood.com/our-
projects/origine-tallest-wood-building-in-
eastern-north-america 
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Brock Commons, UBC Vancouver  (18 Storeys)
https://www.thinkwood.com/our-
projects/brock-commons-tallwood-house
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2019

B.C. building code adjusted upwards to allow 12-storey wood buildings

“…the building code changes come one year ahead of expected changes in the 
national building code, which are also expected to increase height limits for wood 
buildings to 12 storeys…”
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B.C. building code to allow mass timber in buildings up to 18 storeys, up 
from 12
§ Increased the height limit for mass timber residential and office buildings to 18 

storeys,

§ Expanded the types of buildings that can be constructed with mass timber to 
include schools, shopping centres and industrial facilities, and

§ Allowed more exposed mass timber or fewer layers of encapsulation in buildings 
(depending on building height).
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2024



B.C. building code to allow mass timber in buildings up to ?? storeys, up 
from 18
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2029
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Multi-hazard performance based design
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future. Frontier in Built Environment: Earthquake Engineering, 8:848698. doi: 10.3389/fbuil.2022.848698.
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Optimization under uncertainty
• Reliability-based design optimization (RBDO)
• Robust Design Optimization (RDO)
• Topology optimization

Multi-fidelity surrogate models
• Surrogate model
• Physics-informed neural network
• Multi-fidelity models



FIRE RESEARCH AND SAFETY 
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University of Waterloo Fire Research Group
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CLT SHEAR WALLS – TIMBER MOMENT RESISTING FRAMES
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CLT-balloon shear-walls3D building (gravity and core)
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Energy dissipation BRB hold-down

Uncoupled CLT walls Fully coupled CLT walls
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Journal of Structural Engineering. 149(12):04023169.
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Beam-column joint with steel damper

Hybrid beam-column joint

Wakashima et al. (2010)

Teweldebrhan and Tesfamariam (2023)



HIGH-FIDELITY MODEL AND CALIBRATION
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Beam-column joint test
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bolted beam-to-column connections under coupled moment and shear force. Journal of Building Engineering, 46, 103804.

Loading test under ambient temperature

Loading test under ISO fire heating



Dimensions and mechanical properties
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Dimensions and mechanical properties
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Dimensions and mechanical properties
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Timber (Perfect elastic-plastic, Hill yield criterion )

Bolt hole region (Perfect elastic-plastic, Hill 
yield criterion )

Steel plate (Trilinear, isotropic hardening)

Bolts (Trilinear, isotropic hardening)



Loading under ambient temperature
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Elements and boundary conditions

Embedment deformation (timber)

Bending deformation (bolts)

Loading curve and model deformation



Heat transfer analysis
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Location of thermocouples

Timber conductivity Timber specific heat Timber density Steel specific heat Steel conductivity

ISO fire heating 

Bolts



Structural analysis
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Timber

Steel

Reduction factors of materials

Embedment deformation
Keep elastic

Load factor: 0.15



LOW-FIDELITY MODEL AND CALIBRATION
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Development of simplified numerical model
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Calibrated high-fidelity numerical model

Multi-axis loading under different temperatures

Spring calibration: temperature-depended nonlinear 
force-displacement relationships 

Model validation

Simplfied numerical beam-column joint modelFlowchart



Multi-axis loading calibration
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Tension spring Shear spring

Compression spring Rotation spring



Model validation
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Exposed region



Uncertainty propagation
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Uncertainty propagation
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