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Background

Masonry Wall construction. 
Courtesy of CMDC. 2020.

TMS 402/602 & CSA S304 Provisions –
Loadbearing  Masonry walls

Compressive 
Width Limit

Reduction 
Factors

Axial Load 
Limit

Ductility 
Limits

Boundary 
Conditions (k)

3

4



3

Strength of Materials and Mechanics
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Compressive Width LimitStandard 𝑏 = min (4𝑡, 𝑟𝑒𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔)CSA S304-14 𝑏 = min (6𝑡, 𝑟𝑒𝑏𝑎𝑟 𝑠𝑝𝑎𝑐𝑖𝑛𝑔, 72 𝑖𝑛𝑐ℎ𝑒𝑠)TMS 402-16
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Reduction factorStandard
Masonry Strength: ∅ = 0.6

Steel Strength: ∅௦ = 0.85
OOP wall stiffness: ∅ = 0.75CSA S304-14

Flexure Capacity: ∅ = 0.9
Axial capacity:  ∅ = 0.9TMS 402-16
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Reduction factors

CSA S304-14 
For ௧ < 30

𝑃𝑟 𝑚𝑎𝑥 = 0.80(0.85𝜙𝑓ᇱ 𝐴)
TMS 402-16

For ௧ < 30
𝑃𝑟 𝑚𝑎𝑥 = 0.80 0.80𝑓ᇱ 𝐴 1 − ℎ140𝑟 ଶ
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= 15 Axial Limit

= 15 Axial Limit
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= 22 Axial Limit

= 22 Axial Limit For   ௧ > 30
𝑃 𝑚𝑎𝑥 = 0.1𝜙𝑓ᇱ 𝐴

For   ௧ > 30
𝑃 𝑚𝑎𝑥 = 0.05𝑓ᇱ 𝐴
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1.5ℇ௬
ℇ௬

CSA S304-14 

TMS 402-16

For   ௧ > 30

𝐷 + 0.75𝐿 + 0.525𝑄. 

For all  ௧

All load 
Combinations 

(1.25DL + 1.5 L)

Ductility Limits

• Minimum wall thickness (t >140 mm)
• Ductile behaviour (𝜌 ≤ 𝜌ௗ)
• Low axial loads (< 10% 𝑓′𝐴)
• Pinned-pinned boundary conditions (𝑘 = 1.0)

CSA S304 requirements for very slender
walls
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• Underestimation of capacity
• Moments that occur at the base may lead to unexpected behaviour
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t (
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Neglecting the stiffness of the foundation: 
Engineering significance

Experimental Study
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Experimental Study  Experimental Setup 

ACI-SEASC Study on Slender Walls, 1982

Experimental Study  Different Base Conditions
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Experimental Study  Details of Specimens

Typical reinforcement details for low-seismic 
areas in the prairie region of Canada 

(Alberta, Saskatchewan, and Manitoba)

Experimental Results

15

16



9

Experimental Results  Test Procedure (Wall-1)
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Experimental Results  Test Procedure (Wall-2)
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Experimental Results  Wall-1 and Wall-2 Comparison
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Soil-structure interaction
Analytical Study
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Numerical Simulation  FE Macro Model

Beam-on-Nonlinear-Winkler-Foundation 
(BNWF) – Harden et al. 2005

Numerical Simulation  Model Validation
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Parametric Study

Parametric Study Results  OOP Capacity on SAND
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Parametric Study Results  OOP Capacity on CLAY
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Parametric Study Results  Equivalent RBS per Soil type

Sand Clay

25

26



14

Parametric Study Results  Elastic Effective Height factors (k)
Increased by 10%

Parametric Study Results  Example of using “k”

h=
 6

.0
0 

m

0.90 m

0.80 m

Equivalent RBS for Sand
Df= 0.90 m
Bf= 0.80 m
RBS= 950 – 1,170 kN-m/rad

h/t= 30
Loose Sand

Effective Height Factors (k)

Proposed k for design  𝑘 = 0.80
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Conclusions

Conclusions

The wall-foundation interaction is an untapped source of stiffness that
enhances the out-of-plane performance of masonry walls, increasing their
capacity and decreasing their lateral deflections

The increased capacity may be important for capacity-controlled
buildings (performance-based design)

Even a shallow foundation on weak soil provides some base stiffness,
making a pinned base difficult to achieve in the wall-foundation-soil
interaction
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Thank you

Carlos “Lobo” Cruz-Noguez
cruznogu@ualberta.ca
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