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1 INTRODUCTION AND OBJECTIVES 
Buildings that use wood and engineered wood products for their structural and non-structural 
components have some advantages over other types of construction. In addition to their cost-
effectiveness and environmental attributes, their lower weight usually results in lower gravity 
forces for the foundation and reduction of seismic inertial forces.  

Light wood-frame construction has dominated the North American residential landscape for 
decades. Due to numerous research efforts in seismic performance and fire safety, the province 
of British Columbia was the first jurisdiction in Canada to introduce legislation to allow for 5 and 
6 storeys light wood-frame buildings in April 2009. Other provinces followed suit in the years that 
followed, and finally in 2015, the National Building Code (NBC) of Canada (NRC 2015) permitted 
construction of 6-storey wood buildings for residential, business and office occupancies. In NBC 
2020, encapsulated mass timber buildings up to 12 storeys high is permitted. In addition, cross-
laminated timber (CLT) shearwalls in platform type construction are also accepted as Seismic 
Force Resisting System (SFRS) in the NBC 2020 with Rd=2.0 and Ro=1.5 and height limit of 30m in 
low and moderate seismic zones and 20m in high seismic zones.  

The increased seismic loads in NBC 2020 may therefore have significant impact on the technical 
and economic viability of the design and construction of timber buildings in seismic prone regions 
of Canada, especially in high seismic zones of Coastal BC and Vancouver Island. Consequently, the 
main objectives of the work presented in this report are to: (a) study the new seismic design 
provisions to be implemented in NBC 2020, and (b) evaluate the impact of changes on the seismic 
design of mid- and high-rise timber buildings with different structural systems. Some solutions to 
these increased loads are also discussed. It should be mentioned that at the time of preparing this 
report, the NBC 2020 has not been published, so the information and results presented in this 
report are based on the latest information available from the NBC Standing Committee on 
Earthquake Design. Also, it was not the intention of this report to include all code changes related 
to seismic design in detail. Instead only the most influential ones that will affect the seismic design 
of timber structures are discussed. 

The report contains information on: 

• Main changes in NBC 2020 with respect to seismic design; 

• Uniform hazard spectral acceleration curves for different site classes for several locations 
across Canada; 

• Calculation of the seismic design loads using equivalent static force procedure for light 
wood-frame shearwalls and braced frames in different locations in Canada; 

• Review of the potential impacts of the new Code on seismic design of mid- to high-rise 
timber buildings.  

As NBC 2020 has not been published at the time of writing this report, and the Code clauses and 
the Commentary work are in progress, the authors and FPInnovations cannot guarantee that the 
information presented in this report is entirely correct. In addition, the authors and FPInnovations 
do not assume any responsibility for all Code information presented in this report. Designers are 
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encouraged to use this report for information purposes only until the publication of the NBC 2020 
that is scheduled for the end of 2021.  
 

2 STAFF 
Marjan Popovski, Ph.D., P.Eng.                                                             Lead Scientist, Building Systems 

Mehdi Bagheri, Ph.D., E.I.T.                                                                   Scientist, Building Systems 

Zhiyong Chen, Ph.D., P.Eng.                                                                   Scientist, Building Systems 

Chun Ni, Ph.D., P.Eng.                                                                             Lead Scientist, Building Systems 

 

3 DETERMINATION OF SEISMIC DESIGN 
LOADS AND TYPES OF ANALYSES 

There are several methods to analyze the buildings subjected to seismic loads: (a) nonlinear time-
history dynamic analysis, (b) nonlinear static analysis, (c) linear dynamic analysis and (d) 
equivalent static force procedure. The nonlinear dynamic analysis is the most accurate one as it 
represents the non-linear behaviour of the structures during an earthquake by direct numerical 
integration of the different equations of motions. This method, however, is time-consuming and 
is usually not economical for design purposes of regular buildings. Linear dynamic analysis also 
referred to as the Response Spectrum Analysis, deals with the responses of all different modes of 
vibration of the structure with respect to the design spectrum and combines all responses to 
provide the total building response. Nonlinear static analysis is conducted by applying a gradually 
increasing lateral load to reach the targeted displacement. This method is also called “pushover” 
and is usually used to conduct damage analysis of existing buildings.  

The equivalent static force procedure has been a dominant method first used by engineers in the 
early days, and it is still widely used among designers for calculating the seismic demand for 
regular structures. In this method, the horizontal seismic load is a function of the uniform hazard 
spectral acceleration at the site and the seismic weight of the building (dead load plus some 
portion of the live load). This approach uses the elastic behaviour of the structure under the first 
mode of vibration, while other coefficients are introduced to account for inelastic behaviour and 
impact of higher modes. The uniform hazard seismic response spectrum in the NBC 2020 has been 
increased substantially for all site classes for most locations across the country, which means 
much higher seismic demands for the design using the equivalent static force procedure.  

Equivalent static force procedure requires calculation of the natural period of the structure, 𝑇𝑇𝑎𝑎, 
using the following equations given in NBC 2015 and 2020: 

𝑇𝑇𝑎𝑎 = 0.085(ℎ𝑛𝑛)3/4 for steel moment frames 
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𝑇𝑇𝑎𝑎 = 0.075(ℎ𝑛𝑛)3/4 for concrete moment frames                                                                      (1) 
𝑇𝑇𝑎𝑎 = 0.1 𝑁𝑁 for other moment frames 

𝑇𝑇𝑎𝑎 = 0.025ℎ𝑛𝑛  for braced frames 

𝑇𝑇𝑎𝑎 = 0.05(ℎ𝑛𝑛)3/4 for shear walls and other structures 

where, hn is the building height, in m; and N is the total number of storeys.  

The natural period is used to find the amplitude of the response acceleration for the first mode 
from the design spectrum curve, based on the linear behaviour of the system. The base shear 
calculated with this method should be modified to account for the factors such as the impact of 
higher modes, ductility, overstrength, and building importance factor. In this method, the 
minimum lateral earthquake force, V, shall be calculated as follow: 

𝑉𝑉 = S(Ta)MV IE W
RdR𝑂𝑂

   (2) 

Where, S(Ta)  is design spectral response acceleration, expressed as a ratio for gravitational 
acceleration, for a natural period of Ta, MV is a factor to account for higher mode effect on base 
shear, IE  is earthquake importance factor of the structure, W is seismic weight, Rd is ductility-
related force modification factor and Ro is overstrength-related force modification factor.  

Except 

a) For walls, coupled walls and wall-frame systems, V shall not be less than: 

𝑉𝑉𝑚𝑚𝑚𝑚𝑛𝑛 = S(4.0)MV IE W/(RdRo)      (3) 

b) For moment-resisting frames, braced frames, and other systems, V shall not be less than: 

𝑉𝑉𝑚𝑚𝑚𝑚𝑛𝑛 = S(2.0)MV IE W/(RdRo)      (4) 

c) For buildings located on a site other than Class F (or site designations other than XF) and 
having an SFRS with an Rd equal to or larger than 1.5, V need not be greater than the 
larger of: 

2
3

S(0.2)IE W/(RdRo)   and     S(0.5)IE W/(RdRo)  (5) 

4 CHANGES IN NBC 2020 
4.1 Summary of Main Changes 
Some of the main changes in NBC 2020 are listed in this section and some others are discussed in 
more detail in the next sub sections. 

• NBC 2020 includes complete revision and updating of seismic hazard information on the 
basis of a large amount of new data, new Ground Motion Models (GMMs), and new 
approach to site amplification.  
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• It allows for direct calculation of seismic hazard for a range of site designations, replacing 
the site coefficients, F(T), that were used in previous editions of the Code.  

• Revision of site determination when there is more than 3m of softer material present 
above rock is also included.  

• Addition of log-log interpolation as an alternative method to linear interpolation for 
determining the design spectral acceleration values at intermediate values of period. 

• Introduction of seismic categories SC1 through SC4 assigned to buildings depending on 
their importance category and the design spectral acceleration at two periods, not only 
one as in previous editions. 

• Introduction of additional performance requirements for post-disaster buildings, high 
importance category buildings, and a subset of normal importance category buildings 
under the effects of lower but more frequent ground shaking than the 2% in 50-year 
Design Ground Motion (DGM).  

• Introduction of a new structural irregularity, Type 10 – Sloped Column Irregularity, which 
exists where a vertical member that is inclined more than 2° from the vertical, supports a 
portion of the weight of the building in axial compression.  

• Requirements for high importance buildings that make the restrictions on irregularity and 
minimum ductility Rd for the SFRS consistent with Post Disaster buildings in SC3 and SC4. 

• Additions to NBC Table 4.1.8.9. to include entries for moderately ductile steel plate walls, 
moderately ductile steel truss moment-resisting frames, and cross-laminated timber 
shear walls of platform-type construction. 

• Revision of higher mode factors and base overturning reduction factors that reflect the 
changes in the seismic hazard. 

• Adding a requirement that when Non-linear Dynamic Analysis is needed for a building 
with a large gravity-induced lateral demand irregularity (Type 9), the analysis accounts for 
the effects of the vertical response of the building and includes vertical ground motion 
time histories.  

• New provisions for the use of friction to provide restraint for large roof mounted 
interconnected arrays of photovoltaic solar collectors. 

 

4.2 Introduction of Seismic Categories 
In NBC 2020, all sites in Canada are divided into four different seismic categories for the buildings 
based on the level of seismic hazard. A measure of the seismic hazard is taken as the product of 
the 5% damped spectral acceleration (expressed as a ratio to gravitational acceleration, at period 
T for site designation X), and the earthquake importance factor for the building IE. The seismic 
category of a building shall be determined on the basis of the value of 𝐼𝐼𝐸𝐸S(0.2) and 𝐼𝐼𝐸𝐸S(1.0) 
according to Table 1, irrespective of the fundamental lateral period of the building. Four different 
categories SC1 to SC4 with the ranges that they need to satisfy are shown in Table 1, with SC1 
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being the lowest seismic category and SC4 being the highest category. If two different seismic 
categories are derived, the more severe category should be adopted. 

Table 1. Seismic categories for buildings 
Seismic Category IE S(0.2) IE S(1.0) 

SC1 IES(0.2) < 0.2 IES(1.0) < 0.1 

SC2 0.2 ≤ IES(0.2) < 0.35 0.1 ≤ IES (1.0) < 0.2 

SC3 0.35 ≤ IES(0.2) ≤ 0.75 0.2 ≤ IES (1.0) ≤ 0.3 

SC4 IES(0.2) > 0.75 IES(1.0) > 0.3 
 

4.3 Design Spectral Acceleration 
The uniform hazard seismic spectrum in the NBC 2020 has been increased substantially for all site 
classes for most locations across the country, which means much higher seismic demands for 
design of the buildings. To investigate the effects of the new code changes on the seismic demand 
of the buildings, two cities with high seismic hazard in the Western Canada (Victoria and 
Vancouver) and two cities with medium and low seismic hazard in Eastern Canada (Montreal and 
Toronto) were compared. Figures 1 to 4 compare the design spectral accelerations of NBC 2020 
to those of NBC 2015 and NBC 2010 for the reference ground condition (Site class C) for all four 
locations. 

  

Figure 1. Design spectral accelerations in NBC 2010, 2015 and 2020 for the city of Victoria, BC 
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Figure 2. Design spectral accelerations in NBC 2010, 2015 and 2020 for the city of Vancouver (City hall), BC 
 

  

Figure 3. Design spectral accelerations in NBC 2010, 2015 and 2020 for the city of Montreal (City Hall), QC 
 

  

Figure 4. Design spectral accelerations in NBC 2010, 2015 and 2020 for the city of Toronto (City Hall), ON 
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As can be seen in Figures 1 to 4, significant increases in the spectral accelerations have occurred 
over the last two code cycles for soil class C. Changes are even larger for soil classes D and E for 
most locations and those will be discussed in the following section.  

4.4 Site Properties 
Since the seismic waves arriving at the surface are affected by the type of underlying soil, various 
soil (site) categories are included in NBC, from Class A (hard rock) to class E (soft soil), to class F 
that covers liquefiable soils. This classification in NBC 2015 was based on the average shear wave 
velocity (Vs30) in the top 30 m of soil below the bottom of the footing, mat foundation, or pile cap. 
In other words, the variety of ground conditions was condensed into distinct site (soil) classes, 
each within a given range of shear velocities, and an amplification factor referred to as a site 
coefficient or foundation factor F(T) was associated with each site class, depending on input 
acceleration and the period. There are disadvantages to using site classes, including: (a) difficulty 
to decide which site class to assign to a complex ground condition, (b) for sites that are close to 
the boundaries of the site classes, site effects can change abruptly if they fall in one site class 
compared to another, and (c) site classes span a range in Vs30 but are represented by a single Vs30 
value that does not capture the variation in site amplification within the site class. 

For the NBC 2015, the seismic hazard was provided for a reference Site Class C (Vs30 ~450 m/s), 
and period-dependent site coefficients were derived to represent the mean amplification or de-
amplification (F(T) factors) for each site class over its VS30 range. The NBC 2020 allows for direct 
calculation of spectral response acceleration S(T) at several periods, for Peak Ground Acceleration 
(PGA), and for Peak Ground Velocity (PGV) over a range of VS30 values, thus replacing the F(T) 
adjustment of reference hazard values on Site Class C used in the NBC 2015. While the NBC 2020 
approach replaces the F(T) factors used in NBC 2015, it does not eliminate the need for site-
specific geotechnical evaluations for sites that significantly differ from generic soil profiles.  

Also, the seismic hazard values in NBC 2015 did not reflect current knowledge of seismic hazard 
across the country and may lead to unconservative demand. A major update of seismic hazard in 
Canada was undertaken for NBC 2020 to incorporate current knowledge on the subject and 
establish compatibility with modern seismic hazard maps used in building codes in the United 
States and other jurisdictions.  

As mentioned, the NBC 2020 hazard directly accounts for site properties and no further 
adjustment is required. Thus, the acceleration- and velocity-based site coefficients, Fa and Fv, 
adopted to adjust S(T) in NBC 2015 no longer exist, and S(T) is determined by Eq (6) 

𝑆𝑆(𝑇𝑇) = 𝑆𝑆(𝑇𝑇𝑎𝑎 , X)                    (6) 

Where , 𝑋𝑋 is site designation for the given shear velocity.  

Another change in NBC 2020 compared to NBC 2015 is the revision in classifying the site classes. 
According to the new edition, site designations XA and XB, corresponding to site class A and B (hard 
rock and rock), are not to be used in cases where the ground profile contains more than 3 m of 
softer material between the rock and underside of footing or mat foundation. The appropriate 
site designation for such cases should be X760 where is 760 is the average shear wave velocity, in 
m/s, in the top 30 m of the soil or rock. 
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Figures 5 to 8 compare the design spectral acceleration between NBC 2015 and NBC 2020 for site 
classes C, D and E for Victoria, Vancouver, Montreal, and Toronto. It should be noted that for 
some locations the site class has been changed in NBC 2020.  

(a)   

(b)   

(c)   

Figure 5. Design spectral accelerations for three soil categories in NBC 2015 and 2020 for the city of 
Victoria, BC: (a) Soil class C; (b) Soil class D; and (c) Soil class E 
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(a)   

(b)   

(c)   

Figure 6. Design spectral accelerations for three soil categories in NBC 2015 and 2020 for the city of 
Vancouver (City hall), BC: (a) Soil class C; (b) Soil class D; and (c) Soil class E 
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(a)   

(b)   

(c)   

Figure 7. Design spectral accelerations for three soil categories in NBC 2015 and 2020 for the city of 
Montreal (City Hall), QC: (a) Soil class C; (b) Soil class D; and (c) Soil class E 
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(a)   

(b)   

(c)  

Figure 8. Design spectral accelerations for three soil categories in NBC 2015 and 2020 for the city of 
Toronto (City Hall), ON: (a) Soil class C; (b) Soil class D; and (c) Soil class E 
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Tables 2 to 5 list the increase in design spectral accelerations when NBC 2020 is compared to NBC 
2015. The variables in Tables 1 to 4 include the SFRS, site class, region, and the number of storeys 
with the height of each storey assumed to be 3m. In Tables 2 to 5, BF and SW refer to the braced 
frames and light wood-frame shear walls SFRS respectively. It should be mentioned that the 
current height limit in NBC for shear walls is 30 m for moderate (SC3) seismic zones and 20 m for 
high (SC4) seismic zones. The height limits for moderately ductile braced timber frames are 20 m 
for moderate and high seismic zones and only 15 m for braced timber frames with limited 
ductility.  The heights given in Tables 2 to 5 that are above these limits are aimed for comparison 
purposes only or for any potential height limit increase in the future. It should be noted that in 
NBC 2020, the logarithmic interpolation is also allowed along with the linear interpolation, to 
obtain the acceleration of the intermediate periods. For shorter periods (less than 0.4 seconds, 
that are typical for buildings up to 4 storeys), the logarithmic and linear Interpolation to calculate 
the intermediate S(T) resulted in almost similar values. However, the logarithmic method tends 
to underestimate S(T) for higher periods (up to 4% for typical timber buildings with Ta < 2.0 s). The 
linear method was chosen in this study due to its simplicity and conservativeness. 

Table 2. Increase in design spectral acceleration in NBC 2020 vs. NBC 2015 for Victoria 
for braced frames and light wood-frame shear walls 

Site class C D E 

Seismic category SC4 SC4 SC4 

No. of storeys 4 6 10 4 6 10 4 6 10 
SFRS Braced timber frames 

Increase [%] 46 45 45 57 57 64 49 49 57 
SFRS Light frame shear walls 

Increase [%] 45 45 45 57 57 61 49 49 53 
 

Table 3. Increase in design spectral acceleration in NBC 2020 vs. NBC 2015 for 
Vancouver for braced frames and light wood-frame shear walls  

Site class C D E 

Seismic category SC4 SC4 SC4 

No. of storeys 4 6 10 4 6 10 4 6 10 
SFRS Braced timber frames 

Increase [%] 27 21 19 37 37 46 22 22 30 
SFRS Light frame shear walls 

Increase [%] 28 22 19 37 37 42 22 22 26 
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Table 4. Increase in design spectral acceleration in NBC 2020 vs. NBC 2015 for Montreal 
for braced frames and light wood-frame shear walls  

Site class C D E 

Seismic category SC4 SC4 SC4 

No. of storeys 4 6 10 4 6 10 4 6 10 
SFRS Braced timber frames 

Increase [%] 44 53 63 39 50 63 28 42 50 
SFRS Light frame shear walls 

Increase [%] 46 41 56 40 48 59 29 41 50 
 

Table 5. Increase in design spectral acceleration in NBC 2020 vs. NBC 2015 for Toronto 
for braced frames and light wood-frame shear walls  

Site class C D E 

Seismic category SC3 SC3 SC3 

No. of storeys 4 6 10 4 6 10 4 6 10 
SFRS Braced timber frames 

Increase [%] 48 60 78 42 70 86 14 30 30 
SFRS Light frame shear walls 

Increase [%] 50 53 64 44 70 81 21 26 36 
 

As can be seen in Tables 2 to 5, there is a significant increase in seismic demand for all cases. For 
all cities, the pattern remains almost the same for braced frames and shear wall systems up to 10 
storeys and for different site classes, except for Toronto where the level of increase for site E (26% 
on average) is much lower than class C (59% on average) and D (66% on average). The average 
increase for Victoria is 52%, while for Vancouver (City Hall) the average increase is around 29% 
for different SFRS across various storey heights and different site classes. The values for Montreal 
(City Hall) and Toronto (City hall) also show an average increase of 47% and 50%, respectively. In 
the range of heights studied (up to 10 storeys with Ts≤1.0), this pattern of increase remains almost 
the same for any height.  

Although one of the changes in NBC 2020 with highest impact to the seismic design loads is related 
to the design spectral acceleration, there are other factors that may contribute to the increase of 
the seismic demand in the new code, and they are discussed in the remainder of the report. 

4.5 Higher Mode and Base Overturning Reduction Factors 
In general, the seismic response of a structure (deflection, acceleration, base shear etc.) is a 
participation of many different modes of vibration. There are different ways to account for the 
contribution of the higher modes on the response of the structure. One way would be to conduct 
linear dynamic analysis, also referred to modal analysis or response spectrum analysis, and then 
use SRSS (Square Root of Sum of Squares) or CQC (Complete Quadratic Combination) methods to 
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account for participation of the higher modes. The number of modes to be used in the calculation 
is usually a number that gives a minimum of 90% modal mass contribution. In a single degree of 
freedom (SDOF) system, 100% modal mass contribution occurs in the first and only vibration 
mode. In the case of MDOF systems of regular buildings in plan and elevation, the modal mass 
contribution of the first mode is high but may not reach the 90% contribution rule.  

The equivalent static force procedure in the NBC, which is commonly used for timber buildings, is 
based on the first vibration mode and distributes the forces in triangular shape along the height 
of the building. Having compared the result of spectral analysis considering the first mode to those 
obtained from time history analysis by the researchers, e.g., Rafiei et al. (2019), modification 
factors to account for higher modes are introduced. The level of impact of higher modes in the 
response depends on the natural period of the structure, shape of the design spectrum, and the 
type of SFRS. The impact of higher modes is considered in the equivalent static procedure in two 
ways: (a) by introducing a force Ft that is applied at the top of the structure, and (b) by using the 
higher modes effect factor Mv. The force Ft =0.07 TaV (not to exceed the value of 0.25V) is only 
applied at top of the building when the period is higher than 0.7s.  

While there were no changes in the Ft force in NBC 2020, there are changes in the Mv factor as it 
is different with respect to the spectral ratio of S(0.2)/S(5.0) (representing the shape of the 
spectrum) for different natural periods and SFRS(s). Table 6 shows the NBC 2020 versus the NBC 
2015 Mv values. The changes in the values are mostly due to the changes in the site properties, 
and there has been an increase in the Mv factor for buildings with natural period (𝑇𝑇𝑎𝑎) higher than 
1.0 s with spectral acceleration ratios larger than 20 (few exceptions e.g., for wall frame systems 
when  𝑇𝑇𝑎𝑎=1.0 and for spectral acceleration ratio of 70).  

The building also shall be designed to resist the overturning moment caused by earthquake forces. 
The code uses the static load distribution to compute the total base shear which is likely to 
overestimate the overturning moment when compared to the overturning moment of dynamic 
response (Humar, 2003). This parameter is incorporated in NBC by introducing the J factor which 
is the ratio of overturning moment of dynamic analysis to the overturning moment of static 
analysis and is based on empirical data for different spectral ratios, different natural periods and 
various SFRS(s). Table 7 lists the updated values of overturning reduction factors in NBC 2020. 
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Table 6. Higher mode factor, Mv(1), (2), (3), (4), in NBC 2015 in red and NBC 2020 in the green 
bracket, unchanged values given in black 

S(0.2)/S(5.0) 
Mv for 
Ta ≤ 0.5 

Mv for 
Ta = 1.0 

Mv for 
Ta = 2.0 

Mv for 
Ta ≥ 5.0 

Moment-resisting frames 
5 1 1 1 (5) 

20 1 1 1 (5) 

40 1 1 1 (5) 

65 [70] 1 1 1.03 [1] (5) 

Coupled walls(6) 
5 1 1 1 1(7) 

20 1 1 1 1.08 [1.09](7) 

40 1 1 1 1.30 [1.33](7) 
65 [70] 1 1 1.03 [1] 1.49 [1.90](7) 

Braced frames 
5 1 1 1 (5) 

20 1 1 1 (5) 

40 1 1 1 (5) 

65 [70] 1 1.04 [1] 1.07 [1.19] (5) 

Walls, wall frame systems 
5 1 1 1 1.25 [1.30](7) 

20 1 1 1.18 2.30 [2.50](7) 
40 1 1.19 [1.25] 1.75 [1.85] 3.70 [4.10](7) 

65 [70] 1 1.55 [1.25] 2.25 [2.30] 4.65 [6.40](7) 
Moment-resisting frames 

5 1 1 1 (5) 

20 1 1 1.18 (5) 

40 1 1.19 [1.25] 1.75 [1.85] (5) 

65 [70] 1 1.55 [1.37] 2.25 [2.30] (5) 
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Table 7. Base overturning moment reduction factor, J(1), (2), (3), (4), in NBC 2015 in red and 
NBC 2020 in the green bracket, unchanged values given in black 

S(0.2)/S(5.0) 
J for 

Ta ≤ 0.5 
J for 

Ta = 1.0 
J for 

Ta = 2.0 
J for 

Ta ≥ 5.0 
Moment-resisting frames 

5 1 0.97 [1] 0.92 [0.95] (5) 

20 1 0.93 [0.97] 0.85 [0.88] (5) 

40 1 0.87 [0.90] 0.78 [0.79] (5) 

65 [70] 1 [0.98] 0.80 [0.88] 0.70  (5) 

Coupled walls(6) 
5 1 0.97 [1] 0.92 [0.95] 0.80(8) 

20 1 0.93 [0.97] 0.85 [0.88] 0.65 [0.66](8) 

40 1 0.87 [0.90] 0.78 [0.79] 0.53 [0.52](8)  
65 [70] 1 [0.98] 0.80 [0.88] 0.70  0.46 [0.40](8) 

Braced frames 
5 1 0.95 [0.98] 0.89 [0.93] (5) 

20 1 0.85 [0.91] 0.78 [0.80] (5) 

40 1 [0.91] 0.79 [0.82] 0.70 [0.72] (5) 

65 [70] 1 [0.91] 0.71 [0.77] 0.66 [0.61] (5) 

Walls, wall frame systems 
5 1 0.97 [1] 0.85  0.55 [0.59](8)  

20 1 0.80 0.60 0.35(8) 
40 1 [0.80] 0.63 [0.59] 0.46 [0.44] 0.28 [0.23](8)  

65 [70] 1 [0.80] 0.51 [0.56] 0.39 [0.30] 0.23 [0.18](8) 
Moment-resisting frames 

5 1 0.97 [1] 0.85 (5) 

20 1 0.80  0.60 (5) 

40 1 [0.8] 0.63 [0.59] 0.46 [0.44] (5) 

65 [70] 1 [0.8] 0.51 [0.56] 0.39 [0.30] (5) 

 

Notes to Table 6 and Table 7: 

(1) For intermediate values of the spectral ratio S(0.2)/S(5.0), Mv and J shall be obtained by linear 
interpolation. For spectral ratios less than 5, Mv and J are obtained by interpolation considering 
their values at spectral ratio of 0 to be equal to 1. For spectral ratio greater than 70 take the Mv 
and J values as equal to those at the spectral ratio of 70. 

(2) For intermediate values of the fundamental lateral period, Ta, S(Ta) Mv shall be obtained by linear 
interpolation using the values of Mv obtained in accordance with Note (1). 

(3) For intermediate values of the fundamental lateral period, Ta, J shall be obtained by linear 
interpolation using the values of J obtained in accordance with Note (1). 

(4) For a combination of different seismic force resisting systems (SFRS) not given in Tables 6 and 7 
that are in the same direction under consideration, use the highest Mv factor of all the SFRS and 
the corresponding value of J. 

(5) For fundamental lateral periods, Ta, greater than 2.0 s, use the 2.0 s values obtained in accordance 
with Note (1).  
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(6) A “coupled” wall is a wall system with coupling beams, where at least 66% of the base overturning 
moment resisted by the wall system is carried by the axial tension and compression forces resulting 
from shear in the coupling beams. 

(7) For fundamental lateral periods, Ta, greater than 4.0 s, use the 4.0 s values of S(Ta) Mv obtained by 
interpolation between 2.0 s and 5.0 s using the value of Mv obtained in accordance with Note (1).  

(8) For fundamental lateral periods, Ta, greater than 4.0 s, use the 4.0 s values of J obtained by 
interpolation between 2.0 s and 5.0 s using the value of J obtained in accordance with Note (1). 

4.6 Structural Irregularities 
In NBC 2020, the vertical stiffness irregularity for all SFRS was expanded to include the case when 
the inter-storey deflection under seismic design forces divided by the inter-storey height, hs, of 
any storey is greater than 130% of that of an adjacent storey. In addition, structures with vertical 
stiffness irregularity are no longer allowed to be designed using the equivalent static force 
procedure. 

A new type of irregularity, named sloped column irregularity (Type 10) was added in 2020 NBC. 
Sloped column irregularity shall be considered to exist where a vertical member that is inclined 
more than 2° from the vertical, supports a portion of the weight of the building in axial 
compression. The design of buildings in Seismic Category SC3 or SC4 with a Type 10 irregularity 
should satisfy the following requirements: 

(a) The structure shall be designed to resist the additional earthquake design forces due to the 
vertical accelerations of the mass supported by inclined vertical members, and 

(b) The effects of the horizontal and vertical movements of inclined vertical members, while 
undergoing earthquake-induced deformations, on the floor systems they support, should be 
considered in the design of the building and accounted for in the application of Sentence 
4.1.8.3.(5) of the Code. 

4.7 New Acceptable Timber SFRSs 
Cross-laminated timber shear walls in platform type construction were added as new SFRS in  NBC 
2020. The ductility- and overstrength-related force modification factors, Rd and Ro, for the systems 
are given as 2.0 and 1.5, respectively, for moderately ductile CLT shear walls while the Rd and Ro 
are taken as 1.0 and 1.3, respectively, for CLT shear walls with limited ductility. The height limit of 
both categories of CLT shear walls is 30 m for SC1 to SC3 and 20 m for SC4.  

4.8 New System Restrictions for High Importance 
Category Buildings 

In NBC 2020, there are new system restrictions to account for various types of structural 
irregularities and ductility considerations in high seismic regions to limit the possibility of 
undesirable behaviour, damage, or failure in the structure, especially for the buildings in the high 
importance category. The high importance category mainly refers to the buildings that are likely 
to be used as post-disaster shelters e.g., schools, community centers, hospitals, fire halls, etc. The 
new NBC 2020 considerations for high Importance category buildings are given below. These new 
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provisions w
ill increase the seism

ic loads in m
ost cases. N

ote that quantifying the level of increase 
for each location and type of structural system

 is out of the scope of this report.  

According to N
BC 2020, the high Im

portance category buildings shall: 

a) 
not have any irregularities including (vertical stiffness and geom

etric, in-plane and out-
of-plane SFRS discontinuity, torsional and gravity-induced lateral dem

and, w
here 

IE F
a S

a (0.2) is equal to or greater than 0.75; 
b) 

not have a discontinuity in capacity (w
eak storey) irregularity; 

c) 
have an SFRS w

ith an R
d  of at least: 

i. 
2.0 w

here the Seism
ic Category is SC4, and 

ii. 
1.5 otherw

ise, 
d) 

for concrete and shear w
alls, have no storey w

ith a lateral stiffness that is less than that 
of the storey above it, and 

e) 
for all other SFRS(s), have no storey for w

hich the interstorey deflection under lateral 
earthquake design forces divided by the interstorey height, h

s , is greater than that of the 
storey above it. 
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eeting the fire requirem

ents, w
ood in high im

portance category buildings is allow
ed, w

here 
the above criteria are satisfied.   

4.9 Additional Requirem
ents for Post-disaster and 

Im
proved Perform

ance Buildings 
Although tim

ber buildings are not used regularly in post-disaster and high-perform
ance buildings, 

there are several structural system
s, such as post-tensioned Pres-lam

 system
s, system

s w
ith slip 

friction joints, etc. that can provide such perform
ance. Also, w

ood and engineered w
ood products 

are getting used in structural and non-structural applications in hospitals such as the Akershus 
university hospital in N

orw
ay (Figure 10). 
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Currently, ‘improved’ performance (subsequent to an earthquake) in high importance and post-
disaster buildings is primarily achieved in NBC 2015 by applying importance factors to the seismic 
force determined for a normal building. The actual resilience or performance achieved by these 
factors is not quantified. For example, application of the importance factor IE = 1.5 does not 
necessarily ensure the operational readiness of a post-disaster building after an earthquake. The 
application of importance factor IE = 1.3 similarly does not necessarily ensure the readiness of, or 
ability to occupy a high importance building after an earthquake. Applying importance factors also 
does not provide any indication of the performance of such buildings under lower intensity but 
more frequent earthquakes (5% and 10% probability of exceedance in 50 years rather than 2% in 
50 years). Moreover, lateral deflection and distortion of the building from lower intensity 
earthquakes could lead to the excessive deformation of the building, which could lead to damage 
to the structure. Given the critical nature of post-disaster and high-performance buildings in 
earthquake preparedness and post-earthquake response/recovery, some additional design 
checks for such buildings are introduced in NBC 2020 in the newly created Section 4.1.8.23. The 
main aspects of these requirements are given below. 

(a) Post-disaster buildings in seismic categories SC2, SC3, and SC4 should be checked for 5% 
damped spectral acceleration values based on a 5% probability of exceedance in 50 years 
and should satisfy the following requirements: 

i. Behave elastically for the specified lateral earthquake design force V using IE = 1.0 and 
RdRo = 1.3; 

ii. The largest interstorey deflection at any level using IE = 1.0 and RdRo = 1.0 should be 
limited to 0.005 hs, where hs is the storey height; and 

iii. Connections of elements and components of the building designed with Rp > IE = 1.5 
should behave elastically for a lateral force Vp, determined using Rp = 1.5, where Rp is 
the element or component response modification factor. 

(b) High Importance buildings in seismic categories SC3 and SC4 should be checked for 5% 
damped spectral acceleration values based on a 10% probability of exceedance in 50 years 
and should satisfy the following requirements: 

i. Behave elastically for the specified lateral earthquake design force V using IE = 1.0 and 
RdRo = 1.3; 

ii. The largest interstorey deflection at any level using IE = 1.0 and RdRo = 1.0 should be 
limited to 0.005 hs, where hs is the storey height; and 

iii. Connections of elements and components of the building designed with Rp > IE = 1.3 
should behave elastically for a lateral force Vp, determined using Rp = 1.3, where Rp is 
the element or component response modification factor. 

(c) For normal importance buildings in seismic category SC4 with height more than 30 m above 
grade, all structural framing elements not considered part of the SFRS shall be designed to 
behave elastically for a lateral earthquake design force using RdRo =1.3 based on an 
earthquake with a 10% probability of exceedance in 50 years. 
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(d) To apply Sentences (a) to (c), torsional moments due to accidental eccentricities need not be 
included if B < 1.7, where B is the maximum values of Bx which is the ratio at level x in both 
orthogonal directions used to determine torsional sensitivity.  

(e) To apply Sentences (a) to (d), all components of the structure should be modeled using elastic 
material properties. 

(f) Sentences (a) to (d) are not applied to buildings designed using seismic isolation. 

The lateral stiffness requirement 4.1.8.10.2 (d) for post-disaster buildings in NBC 2015 requiring 
that post-disaster buildings should not have a storey that has a lower stiffness than the storey 
above was replaced by items (g) and (h) listed below: 

(g) Buildings constructed with concrete or masonry shear walls should have no storey with a 
lateral stiffness that is less than that of the storey above it, and 

(h) Buildings constructed with other types of SFRS have no storey for which the interstorey 
deflection under lateral earthquake design forces divided by the storey height, hs, is greater 
than that of the storey above it. 

5 POTENTIAL IMPACTS ON TIMBER 
BUILDINGS 

The main impact of NBC 2020 in calculation of the seismic loads using the equivalent static 
procedure is related to the site properties, especially for the site classes C, D and E where the 
design spectrum values are significantly higher in NBC 2020 compared to those in NBC 2015 
(Figures 1-4).  

Considering the spectral ratio of S(0.2) / S(5.0) and Ta for most of the typical wood buildings, the 
higher mode modification factor values would remain unchanged in the new code as shown in 
Table 6, except for some minimal modifications in few cases. The main conclusion that can be 
made from Table 6 is that for the typical timber buildings (Ta<2.0 s and S(0.2)/S(5.0) ≤40.0), the 
higher mode factor will only affect the shear wall systems. 

Another change is related to the buildings with a higher level of importance where the code 
requires the additional lateral force and drift check for high importance and post-disaster 
buildings. The new restriction aimed to ensure that the building remains in elastic range in lower 
intensity earthquakes to prevent possible damage and economic loss. To ensure this, the building 
is subjected to more frequently occurring earthquakes with the probability of exceedance of 10% 
in 50 years for high importance and post-disaster buildings while a reduced factor of RS (=RdRo) 
equal to 1.3 is considered. This criterion may govern the design in high seismic regions for these 
types of buildings. 
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5.1 Case Study: Wood-frame Building Located in 
Vancouver, BC 

To give a better picture of the changes in NBC 2020, a simple 4 and 6 storey light-frame wood 
building with a plan view shown in Figure 7, was considered in this study. After calculating the 
seismic weight of the building, the seismic lateral loads were calculated using both NBC 2015 and 
NBC 2020 and the comparison between the two is presented. Two case scenarios were considered 
namely 4-storey for site class C and 6-storey for site class D. The building was assumed to be 
located in Vancouver (City Hall). 

 

Figure 10. Plan view of the 4- and 6-storey light-frame wood building used in the study 
 

The specified dead load was calculated based on the weight of the structural members and the 
specified uniformly distributed live loads based on NBC for residential buildings. At the roof level, 
the snow load governs the determination of live load. Table 8 summarises the dead load, live load, 
and the seismic weight of the typical floor and the roof of the building.  
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Table 8. Summary of the gravity loads 
Dead Load [kPa] Live/Snow Load [kPa] Seismic Weight [kN] 

Floor Roof Floor Roof Each Floor Roof 
0.50 0.60 1.90 1.64 234 242 

Total (4-storey) 945 
Total (6-storey) 1412 

To calculate the seismic loads, the design uniform hazard spectral acceleration curve is needed. 
Figure 6 shows the design spectral acceleration for Vancouver, for Site classes C and D according 
to both NBC 2105 and NBC 2020, based on 2% probability of exceedance in 50 years. Table 9 
summarizes the case study information and compares the base shears calculated according to 
NBC 2020 and NBC 2015. Note that Rd and Ro were assumed 3.0 and 1.7 for the wood-based nailed 
shear walls according to NBC. 

Table 9. Base shear comparison (NBC 2020 to NBC 2015) 

Location Site 
Class SFRS Height 

[m] 
Ta 

[s] 

Vs [kN] 
Difference 

[%] NBC 
2015 

NBC 
2020 

Vancouver 
(City Hall) C Light-frame 

shear wall 12 0.26 140 166 18 

Vancouver 
(City Hall) D Light-frame 

shear wall 18 0.44 241 330 37 

 

As shown in Table 9, there is an 18% increase in base shear value for the 4-storey building when 
NBC 2020 is compared to NBC 2015. This is mainly due to the increase in the spectral accelerations 
shown in Figure 6, as the higher mode impact factor for Ta < 0.5 s are equal in both editions of the 
code. The same comparison for the 6-storey building in site class D shows a 37% increase. The 
dominated case to calculate the base shear for low natural periods is Eq. 5, where the code allows 
the short period structures to be designed for 2/3 of the calculated base shear. In general, the 
pattern implies that the SFRS components should be designed for higher load levels when NBC 
2020 is compared to NBC 2015.  

Due to increased forces on the wall elements, a larger nail size with a closer spacing is required to 
meet the design criteria of NBC 2020. For buildings up to 4 storeys, the light-frame shear walls 
can still remain the system of choice for residential applications in locations such as Vancouver. 
The same increase of 18% in the seismic load is expected for the 6-storey wood-frame buildings 
located in Vancouver on site class C. For a 4- or 6-storey wood-frame building located in 
Vancouver on soil category D, the increase in the design seismic demand will be around 37%. For 
this case scenario, conventional light-frame shear walls shown in Figure 11 cannot provide 
adequate lateral strength for most storeys. Double sheathing and mid-ply walls can be used as an 
option. Alternatively, shear walls with increased  length or double regular walls can be used. The 
use of mid-ply walls will bring changes to the detailing and construction of the walls with more 
time commitment. Mid-ply walls would also require using stronger and more expensive tie-downs 
along the height of the building or some innovative discrete hold-down solutions. In addition to 
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the use of more material and labour, double regular walls will also reduce the available usable 
space in the building. Using walls with increased lengths will reduce the available space for the 
openings. 

The example above includes buildings located in Vancouver on site classes C and D. Structures 
located on site class E will have even higher seismic load. Using mid-ply walls may not be enough 
to take the seismic design loads. In this case, double mid-ply walls may be required. This will be 
even more the case in locations such as Victoria, BC, where the seismic loads are higher to start 
with even before the 2020 increases. These locations may need shearwalls with thick sheathing, 
larger studs, or even move to mass timber (CLT) shearwalls or mid-ply walls in mass timber 
applications. Additional research is needed to develop solutions for these cases and FPInnovations 
will include these systems in the research portfolio for the next few years.  

5.2 Other Structural Systems 
For the layout shown in Figure 11, the same procedure was conducted for other SFRS(s) and 
various building height to evaluate the impact of new NBC provisions on the base shear 
calculations for both site class C and D. The results are summarized through Table 10 and Figures 
12 and 13, where the base shear according to NBC 2020 and NBC 2015 were compared as a 
function of SFRS type, the building height and site class.  

Table 10. Base shear ratio (V2020/V2015) for different height and SFRSs – Vancouver (City 
Hall) 

Number of 
Storeys 

SFRS on Soil Class C SFRS on Soil Class D 

Shear Wall Braced Frame Shear Wall Braced Frame 

3 1.19 1.19 1.37 1.37 

6 1.19 1.19 1.37 1.37 

9 1.19 1.19 1.39 1.43 

12 1.20 1.21 1.43 1.50 
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(a)  

(b)  
Figure 11. Base shear comparison for different SFRS and heights- Vancouver (City Hall)- Class C: (a) Wall 
systems; and (b) braced frames 
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(a)  

(b)  

Figure 12. Base shear comparison for different SFRS and heights- Vancouver (City Hall)- Class D: (a) Wall 
systems; and (b) braced frames 
 

Based on the Figures, it can be seen that for Class C, the level of increase in base shear for typical 
low to high-rise timber buildings (Ta < 2.0) in Vancouver remains the same (around 19%) 
considering shear wall and braced frame SFRS(s). As for Class D, the lateral seismic load is 
increased by 40% on average (Table 10). These increases would see the use of larger members 
and connections in braced frames. Using thicker mass timber panels walls with larger connections 
will also be needed with walled systems. These findings should be taken into consideration when 
developing the design guidelines for braced timber frames and balloon type walls in the future.  

5.3 Other Cities with Different Site Classes 
The base shear comparison was also made for cities like Victoria, Montreal (City Hall) and Toronto 
(City hall) and the results of the analyses are given in Tables 11 to 13. It is worthy to mention that 
higher mode affected the results only for higher natural periods (Ta > 0.6 s), only for shear walls 
and when the spectral curve is steep enough (S(0.2)/S(5)>20). The results of higher modes 
modification factor calculations are given in Appendix I and Appendix II for both class C and D. In 
general, NBC 2020 Mv values are higher for taller buildings (more than 10 storeys) with steeper 
spectrum shape (S(0.2)/S(0.5)>20). 
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Table 11. Base shear ratio (V2020/V2015) for different SFRSs located in Vitoria 
Number of 

Storeys 
SFRS on Soil Class C SFRS on Soil Class D 

Shear Wall Braced Frame Shear Wall Braced Frame 

3 1.45 1.45 1.56 1.56 

6 1.45 1.45 1.56 1.56 

9 1.46 1.44 1.60 1.62 

12 1.46 1.45 1.64 1.71 
 

Table 12. Base shear ratio (V2020/V2015) for different SFRSs located in Montreal 
Number of 

Storeys 
SFRS on Soil Class C SFRS on Soil Class D 

Shear Wall Braced Frame Shear Wall Braced Frame 

3 1.41 1.41 1.45 1.45 

6 1.52 1.53 1.44 1.44 

9 1.57 1.60 1.54 1.58 

12 1.59 1.68 1.57 1.70 
 

Table 13. Base shear ratio (V2020/V2015) for different SFRSs located in Toronto 
Number of 

Storeys 
SFRS on Soil Class C SFRS on Soil Class D 

Shear Wall Braced Frame Shear Wall Braced Frame 

3 1.46 1.46 1.63 1.63 

6 1.60 1.62 1.63 1.63 

9 1.66 1.70 1.76 1.87 

12 1.64 1.72 1.73 1.91 
 

As shown in Tables 11 to 13, the base shear increase for shear wall systems and braced timber 
frames with different building height for Victoria (City Hall) is from 44% to 46% for site class C and 
from 56% to 71% for site class D. The same base shear comparison results in 41% to 68% increase 
for site class C and 44% to 70% increase for class D for Montreal (City Hall). Toronto (City Hall) has 
the highest rate of increase in the base shear where the increases range from 46% to 72% for site 
class C and from 63% to 91% for site class D. The details of calculations are given in Appendix I 
and Appendix II. 

While the increases in the seismic design forces seem to be larger in Toronto and Montreal, the 
total seismic design force for wall type systems can be taken by use of regular light wood-frame 
shear walls. For these cities, the light-frame wall systems can still be a viable choice for low and 
mid-rise construction (up to 6 storeys), although increased nail diameters and closer nail spacing 
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need to be used. For other cities, increased shear wall length or high-capacity shear walls with 
thicker sheathing, larger nail size, and closer nail spacing would be required. Other alternatives 
such as braced-frames, mid-ply walls and hybrid approaches might be more efficient and 
economical.   

6 CONCLUSIONS 
In this report, the main changes in the NBC 2020 related to the seismic design with respect to the 
existing design provisions in NBC 2015 are provided. Seismic design loads were calculated using 
the Equivalent Static Force Procedure according to NBC 2020, and the value of the design loads 
for various timber building configurations was compared to the current NBC 2015. Also, the main 
parameters influencing the seismic loads on timber buildings were discussed.  

NBC 2020 includes complete revision and update of seismic hazard information based on a large 
amount of new data, new Ground Motion Models (GMMs), and a new approach to site 
amplification. It allows for direct calculation of seismic hazard for a range of site designations 
replacing the site coefficients, F(T), that were used in previous editions of the Code. It also allows 
for use of log-log interpolation as an alternative method to linear interpolation for determining 
the design spectral acceleration values at intermediate values of period. 

The NBC 2020 introduces four seismic categories, SC1 through SC4, and they are assigned to 
buildings depending on their Importance Category and the design spectral acceleration at two 
periods, not only one as in previous editions of NBC. The NBC 2020 also introduces additional 
performance requirements for post-disaster buildings, high importance category buildings, and a 
subset of normal importance category buildings under the effects of lower but more frequent 
ground shaking than the 2% in 50-year Design Ground Motion (DGM). Additions to NBC Table 
4.1.8.9. of SFRSs include moderately ductile steel plate walls, moderately ductile steel truss 
moment-resisting frames, and cross-laminated timber shear walls of platform-type construction. 
Platform-type CLT shearwalls are implemented with two ductility categories: moderately ductile 
(Rd=2.0) and limited ductility (Rd=1.5).  

The following conclusions can be drawn from the analyses presented in the report: 

• As for site (soil) property effects, there is a significant increase in the uniform hazard 
spectral acceleration curves for all site classes investigated in this study for 4, 6 and 10 
storeys shear walls and braced timber frames. The average increase for site class C, D and 
E in Victoria is 45%, 59% and 51%, respectively. For Vancouver (City Hall), the average 
increase is 23%, 39% and 24% for the site class C, D and E, respectively, while the increase 
is 51%, 50% and 40% for the Montreal (City Hall) location. The values for the Toronto (City 
Hall) also show 59%, 66% and 26% increase for site class C, D and E, respectively.  

• Higher mode impact is a function of the shape of the design spectrum, natural period and 
also SFRS type. Steeper spectrum curves and longer periods are more prone to be 
influenced by higher modes. Updated 𝑀𝑀𝑣𝑣  values, that account for higher mode 
considering typical timber buildings, affect the results only for longer natural periods 
(Ta>0.6 s), and when S(0.2)/S(0.5) is greater than 20.  
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• For buildings up to 4-storey, the light-frame can still remain the system of choice for 
residential applications in locations such as Vancouver with an increase of 18% in the 
seismic load expected. The same increase of 18% is expected for the 6-storey wood-frame 
buildings located in Vancouver on site class C. For a 4- or 6-storey wood-frame building 
located in Vancouver on soil category D, the increase in the design seismic demand is 
expected to be around 37%. For this case scenario, it is recommended to use longer 
conventional light-frame shear walls along with mid-ply walls. Another option would 
include the use of double regular walls. Using mid-ply walls will bring changes to the 
detailing and construction of the walls. Mid-ply walls would also require stronger and 
more expensive tie-downs along the height of the building or may require using  some 
innovative hold-down solutions.  

• Structures located on site class E will have even higher seismic demand and using mid-ply 
walls may not be enough to take the seismic design loads. In this case, using double mid-
ply walls may be required. This will also be the case for locations such as Victoria, BC, 
where the seismic loads are higher to start with even before the 2020 increases. These 
locations may need shearwalls with thick sheathing, larger studs, or even move to mass 
timber (CLT) shearwalls or mid-ply walls in mass timber applications. Additional research 
is needed to develop solutions for these cases. FPInnovations will include these systems 
in the research portfolio for the next few years.  

• The base shear increase for shear wall systems and braced timber frames with different 
building height (from 3 to 12 storeys) for Victoria (City Hall) is from 44% to 46% for site 
class C, and 56% to 71% for site class D. The same base shear comparison results in 41% 
to 68% increase for site class C and 44% to 70% increase for class D for Montreal (City 
Hall). Toronto (City Hall) has the highest rate of increase in the base shear where the 
increase ranges from 46% to 72% for site class C and from 63% to 91% for site class D. 
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APPENDIX I: CLASS C 
Table A- 1. Parameters to calculate the normalized base shear for Victoria, NBC 2015, 
class C and light-frame shear walls: S(0.2)=1.3, S(0.5)=1.16, S(0.2)/S(5.0)=10.4, 
2S(0.2)/3=0.87, PGA=0.58, Sa(0.2)/PGA=2.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 1.27 1.27 1.16 

6 0.44 1.00 1.19 1.19 1.16 

9 0.59 1.00 1.07 1.07 1.07 
12 0.73 1.00 0.93 0.93 0.93 

 

Table A- 2. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class C and light-frame shear walls: S(0.2)=1.9, S(0.5)=1.68, S(0.2)/S(5.0)=13.0, 
2S(0.2)/3=1.27 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 1.86 1.86 1.68 1.45 

6 0.44 1.00 1.73 1.73 1.68 1.45 

9 0.59 1.00 1.56 1.56 1.56 1.46 

12 0.73 1.00 1.36 1.36 1.36 1.46 
 

Table A- 3. Parameters to calculate the normalized base shear for Victoria, NBC 2015, 
class C and braced frames: S(0.2)=1.3, S(0.5)=1.16, S(0.2)/S(5.0)=10.4, 2S(0.2)/3=0.87, 
PGA=0.58, Sa(0.2)/PGA=2.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 1.29 1.29 1.16 

6 0.45 1.00 1.18 1.18 1.16 

9 0.68 1.00 0.99 0.99 0.99 
12 0.90 1.00 0.77 0.77 0.77 

 

Table A- 4. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class C and braced frames: S(0.2)=1.9, S(0.5)=1.68, S(0.2)/S(5.0)=13.0, 2S(0.2)/3=1.27 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 1.88 1.88 1.68 1.45 

6 0.45 1.00 1.72 1.72 1.68 1.45 

9 0.68 1.00 1.43 1.43 1.43 1.44 

12 0.90 1.00 1.12 1.12 1.12 1.46 
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Table A- 5. Parameters to calculate the normalized base shear for Vancouver, NBC 2015, 
class C and light-frame shear walls: S(0.2)=0.85, S(0.5)=0.75, S(0.2)/S(5.0)=10.60, 
2S(0.2)/3=0.79, PGA=0.37, Sa(0.2)/PGA=2.30 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.83 0.83 0.75 

6 0.44 1.00 0.77 0.77 0.75 

9 0.59 1.00 0.69 0.69 0.69 

12 0.73 1.00 0.60 0.60 0.60 
 

Table A- 6. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class C and light-frame shear walls: S(0.2)=1.11, S(0.5)=0.89, S(0.2)/S(5.0)=12.50, 
2S(0.2)/3=0.74 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 1.07 1.07 0.89 1.19 
6 0.44 1.00 0.94 0.94 0.89 1.19 
9 0.59 1.00 0.83 0.83 0.83 1.20 

12 0.73 1.00 0.72 0.72 0.79 1.20 
 

Table A- 7. Parameters to calculate the normalized base shear for Vancouver, NBC 2015, 
class C and braced frames: S(0.2)=0.85, S(0.5)=0.75, S(0.2)/S(5.0)=10.60, 2S(0.2)/3=0.79, 
PGA=0.37, Sa(0.2)/PGA=2.30 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.84 0.84 0.75 
6 0.45 1.00 0.77 0.77 0.75 
9 0.68 1.00 0.64 0.64 0.64 

12 0.90 1.00 0.49 0.49 0.49 
 

Table A- 8. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class C and braced frames: S(0.2)=1.11, S(0.5)=0.89, S(0.2)/S(5.0)=12.50, 2S(0.2)/3=0.74 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 1.09 1.09 0.79 1.19 
6 0.45 1.00 0.93 0.93 0.89 1.19 
9 0.68 1.00 0.76 0.76 0.76 1.19 

12 0.90 1.00 0.59 0.59 0.59 1.20 
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Table A- 9. Parameters to calculate the normalized base shear for Montreal, NBC 2015, 
class C and light-frame shear walls: S(0.2)=0.595, S(0.5)=0.31, S(0.2)/S(5.0)=33.06, 
2S(0.2)/3=0.40, PGA=0.38, Sa(0.2)/PGA=2.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.74 0.74 0.40 
6 0.44 1.00 0.37 0.37 0.37 
9 0.59 1.02 0.28 0.29 0.29 

12 0.73 1.06 0.23 0.25 0.25 
 

Table A- 10. Parameters to calculate the normalized base shear for Montreal, NBC 2020, 
class C and light-frame shear walls: S(0.2)=0.84, S(0.5)=0.49, S(0.2)/S(5.0)=27.93, 
2S(0.2)/3=0.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 0.77 0.77 0.56 1.41 
6 0.44 1.00 0.56 0.56 0.56 1.52 
9 0.59 1.02 0.45 0.46 0.46 1.59 

12 0.73 1.05 0.38 0.40 0.40 1.59 
 

Table A- 11. Parameters to calculate the normalized base shear for Montreal, NBC 2015, 
class C and braced frames: S(0.2)=0.595, S(0.5)=0.31, S(0.2)/S(5.0)=33.06, 
2S(0.2)/3=0.40, PGA=0.38, Sa(0.2)/PGA=2.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.57 0.57 0.40 
6 0.45 1.00 0.36 0.36 0.36 
9 0.68 1.00 0.25 0.25 0.25 

12 0.90 1.00 0.18 0.18 0.18 
 

Table A- 12. Parameters to calculate the normalized base shear for Montreal, NBC 2020, 
class C and braced frames: S(0.2)=0.84, S(0.5)=0.49, S(0.2)/S(5.0)=27.93, 2S(0.2)/3=0.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 0.81 0.81 0.56 1.41 
6 0.45 1.00 0.55 0.55 0.55 1.53 
9 0.68 1.00 0.41 0.41 0.41 1.60 

12 0.90 1.00 0.30 0.30 0.30 1.68 
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Table A- 13. Parameters to calculate the normalized base shear for Toronto, NBC 2015, 
class C and light-frame shear walls: S(0.2)=0.25, S(0.5)=0.13, S(0.2)/S(5.0)=35.57, 
2S(0.2)/3=0.17, PGA=0.16, Sa(0.2)/PGA=1.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.22 0.22 0.17 
6 0.44 1.00 0.15 0.15 0.15 
9 0.59 1.02 0.11 0.12 0.12 

12 0.73 1.07 0.10 0.10 0.11 
 

Table A- 14. Parameters to calculate the normalized base shear for Toronto, NBC 2020, 
class C and light-frame shear walls: S(0.2)=0.36, S(0.5)=0.21, S(0.2)/S(5.0)=27.92, 
2S(0.2)/3=0.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 0.33 0.33 0.24 1.48 
6 0.44 1.00 0.24 0.24 0.24 1.61 
9 0.59 1.02 0.19 0.20 0.20 1.69 

12 0.73 1.05 0.16 0.17 0.17 1.70 
 

Table A- 15. Parameters to calculate the normalized base shear for Toronto, NBC 2015, 
class C and braced frames: S(0.2)=0.25, S(0.5)=0.13, S(0.2)/S(5.0)=35.57, 2S(0.2)/3=0.17, 
PGA=0.16, Sa(0.2)/PGA=1.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.24 0.24 0.17 
6 0.45 1.00 0.15 0.15 0.15 
9 0.68 1.00 0.10 0.10 0.10 

12 0.90 1.00 0.08 0.08 0.08 
 

Table A- 16. Parameters to calculate the normalized base shear for Toronto, NBC 2020, 
class C and braced frames: S(0.2)=0.36, S(0.5)=0.21, S(0.2)/S(5.0)=27.92, 2S(0.2)/3=0.24 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 0.35 0.35 0.24 1.47 
6 0.45 1.00 0.24 0.24 0.24 1.62 
9 0.68 1.00 0.18 0.18 0.18 1.70 

12 0.90 1.00 0.13 0.13 0.13 1.72 



34 
 

APPENDIX II: CLASS D 
Table A- 17. Parameters to calculate the normalized base shear for Victoria, NBC 2015, 
class D and light-frame shear walls: S(0.2)=1.28, S(0.5)=1.28, S(0.2)/S(5.0)=7.59, 
2S(0.2)/3=0.86, PGA=0.58, Sa(0.2)/PGA=2.2 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 1.28 1.28 1.28 
6 0.44 1.00 1.28 1.28 1.28 
9 0.59 1.00 1.19 1.19 1.19 

12 0.73 1.00 1.07 1.07 1.07 
 

Table A- 18. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class D and light-frame shear walls: S(0.2)=2.0, S(0.5)=2.0, S(0.2)/S(5.0)=8.0, 
2S(0.2)/3=1.33 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 2.00 2.00 2.00 1.56 
6 0.44 1.00 2.00 2.00 2.00 1.56 
9 0.59 1.00 1.90 1.90 1.90 1.60 

12 0.73 1.00 1.75 1.75 1.75 1.64 
 

Table A- 19. Parameters to calculate the normalized base shear for Victoria, NBC 2015, 
class D and braced frames: S(0.2)=1.28, S(0.5)=1.28, S(0.2)/S(5.0)=7.59, 2S(0.2)/3=0.86, 
PGA=0.58, Sa(0.2)/PGA=2.2 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 1.28 1.28 1.28 
6 0.45 1.00 1.28 1.28 1.28 
9 0.68 1.00 1.11 1.11 1.11 

12 0.90 1.00 0.91 0.91 0.91 
 

Table A- 20. Parameters to calculate the normalized base shear for Victoria, NBC 2020, 
class D and braced frames: S(0.2)=2.0, S(0.5)=2.0, S(0.2)/S(5.0)=8.0, 2S(0.2)/3=1.33 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 2.00 2.00 2.00 1.56 
6 0.45 1.00 2.00 2.00 2.00 1.56 
9 0.68 1.00 1.80 1.80 1.80 1.62 

12 0.90 1.00 1.56 1.56 1.56 1.71 
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Table A- 21. Parameters to calculate the normalized base shear for Vancouver, NBC 
2015, class D and light-frame shear walls: S(0.2)=0.87, S(0.5)=0.87, S(0.2)/S(5.0)=7.84, 
2S(0.2)/3=0.58, PGA=0.37, Sa(0.2)/PGA=2.30 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.87 0.87 0.87 
6 0.44 1.00 0.87 0.87 0.87 
9 0.59 1.00 0.81 0.81 0.81 

12 0.73 1.00 0.72 0.72 0.72 
 

Table A- 22. Parameters to calculate the normalized base shear for Vancouver, NBC 
2020, class D and light-frame shear walls: S(0.2)=1.192, S(0.5)=1.19, S(0.2)/S(5.0)=7.42, 
2S(0.2)/3=0.79 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 1.92 1.19 1.19 1.37 
6 0.44 1.00 1.92 1.19 1.19 1.37 
9 0.59 1.00 1.13 1.13 1.13 1.40 

12 0.73 1.00 1.03 1.03 1.03 1.43 
 

Table A- 23. Parameters to calculate the normalized base shear for Vancouver, NBC 
2015, class D and braced frames: S(0.2)=0.87, S(0.5)=0.87, S(0.2)/S(5.0)=7.84, 
2S(0.2)/3=0.58, PGA=0.37, Sa(0.2)/PGA=2.30 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.87 0.87 0.87 
6 0.45 1.00 0.87 0.87 0.87 
9 0.68 1.00 0.75 0.75 0.75 

12 0.90 1.00 0.61 0.61 0.61 
 

Table A- 24. Parameters to calculate the normalized base shear for Vancouver, NBC 
2020, class D and braced frames: S(0.2)=1.192, S(0.5)=1.19, S(0.2)/S(5.0)=7.42, 
2S(0.2)/3=0.79 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 1.19 1.19 1.19 1.37 
6 0.45 1.00 1.19 1.19 1.19 1.37 
9 0.68 1.00 1.07 1.07 1.07 1.43 

12 0.90 1.00 0.91 0.91 0.91 1.50 
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Table A- 25. Parameters to calculate the normalized base shear for Montreal, NBC 2015, 
class D and light-frame shear walls: S(0.2)=0.59, S(0.5)=0.37, S(0.2)/S(5.0)=23.76, 
2S(0.2)/3=0.40, PGA=0.38, Sa(0.2)/PGA=1.57 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.55 0.55 0.40 
6 0.44 1.00 0.42 0.42 0.40 
9 0.59 1.01 0.34 0.34 0.35 

12 0.73 1.02 0.29 0.30 0.30 
 

Table A- 26. Parameters to calculate the normalized base shear for Montreal, NBC 2020, 
class D and light-frame shear walls: S(0.2)=0.80, S(0.5)=0.58, S(0.2)/S(5.0)=17.28, 
2S(0.2)/3=0.53 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 0.75 0.75 0.58 1.45 
6 0.44 1.00 0.62 0.62 0.58 1.44 
9 0.59 1.00 0.54 0.54 0.54 1.54 

12 0.73 1.00 0.47 0.47 0.47 1.57 
 

Table A- 27. Parameters to calculate the normalized base shear for Montreal, NBC 2015, 
class D and braced frames: S(0.2)=0.59, S(0.5)=0.37, S(0.2)/S(5.0)=23.76, 2S(0.2)/3=0.40, 
PGA=0.38, Sa(0.2)/PGA=1.57 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.57 0.57 0.40 
6 0.45 1.00 0.41 0.41 0.40 
9 0.68 1.00 0.31 0.31 0.31 

12 0.90 1.00 0.23 0.23 0.23 
 

Table A- 28. Parameters to calculate the normalized base shear for Montreal, NBC 2020, 
class D and braced frames: S(0.2)=0.80, S(0.5)=0.58, S(0.2)/S(5.0)=17.28, 2S(0.2)/3=0.53 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 0.77 0.77 0.58 1.45 
6 0.45 1.00 0.61 0.61 0.58 1.44 
9 0.68 1.00 0.49 0.49 0.49 1.58 

12 0.90 1.00 0.39 0.39 0.39 1.70 
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Table A- 29. Parameters to calculate the normalized base shear for Toronto, NBC 2015, 
class D and light-frame shear walls: S(0.2)=0.30, S(0.5)=0.18, S(0.2)/S(5.0)=27.10, 
2S(0.2)/3=0.20, PGA=0.16, Sa(0.2)/PGA=1.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.26 1.00 0.27 0.27 0.20 
6 0.44 1.00 0.20 0.20 0.20 
9 0.59 1.02 0.16 0.17 0.17 

12 0.73 1.04 0.14 0.15 0.15 
 

Table A- 30. Parameters to calculate the normalized base shear for Toronto, NBC 2020, 
class D and light-frame shear walls: S(0.2)=0.39, S(0.5)=0.33, S(0.2)/S(5.0)=17.73, 
2S(0.2)/3=0.26 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.26 1.00 0.38 0.38 0.33 1.63 

6 0.44 1.00 0.34 0.34 0.33 1.63 

9 0.59 1.00 0.30 0.30 0.30 1.76 

12 0.73 1.00 0.26 0.26 0.26 1.73 
 

Table A- 31. Parameters to calculate the normalized base shear for Toronto, NBC 2015, 
class D and braced frames: S(0.2)=0.30, S(0.5)=0.18, S(0.2)/S(5.0)=27.10, 2S(0.2)/3=0.20, 
PGA=0.16, Sa(0.2)/PGA=1.56 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W 

3 0.23 1.00 0.29 0.29 0.20 
6 0.45 1.00 0.20 0.20 0.20 
9 0.68 1.00 0.15 0.15 0.15 

12 0.90 1.00 0.11 0.11 0.11 
 

Table A- 32. Parameters to calculate the normalized base shear for Toronto, NBC 2020, 
class D and braced frames: S(0.2)=0.39, S(0.5)=0.33, S(0.2)/S(5.0)=17.73, 2S(0.2)/3=0.26 

Number of storeys Ta [s] Mv S(Ta) S(Ta)Mv VRdRo/W V2020/V2015 

3 0.23 1.00 0.38 0.38 0.33 1.63 
6 0.45 1.00 0.34 0.34 0.33 1.63 
9 0.68 1.00 0.28 0.28 0.28 1.87 

12 0.90 1.00 0.21 0.21 0.21 1.91 
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