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Mass timber (MT) products, such as Glued 
Laminated Timber (GLT), Cross Laminated Timber 
(CLT), Laminated Veneer Lumber (LVL), Nail 
Laminated Timber (NLT), Dowel Laminated 
Timber (DLT), Laminated Strand Lumber (LSL), 
Parallel Strand Lumber (PSL), Mass Plywood 
Panels (MPP) and others, provide options for 
developing efficient structural systems to resist 
gravity and lateral loads. Such systems can be 
competitive alternatives to their steel and 
concrete counterparts. This InfoNote briefly 
introduces the MT Seismic Force Resisting 
Systems (SFRSs) that will be implemented in the 
2020 National Building Code (NBC) of Canada, 
their height limits, and the main design 
requirements according to Canadian Standard for 
Engineering Design in Wood CSA O86-19. 
Differences among height limits for MT gravity 
and lateral load resisting systems are also 
discussed. 

Mass Timber in the National Building Codes and 
Standards 
Mass timber (MT) construction is gaining momentum in 
North America with an increase in construction of mid-rise 
and tall residential and commercial buildings. MT is a 
generic name for a broad range of wood products such as 
GLT, CLT, LVL, LSL, PSL, NLT, DLT, MPP and others, which 
are utilised as slabs, walls, beams, and columns. Some of 
these products are generic. Their properties and design 
values are implemented in materials standards, such as the 
APA/ANSI PRG320 (2019) standard for performance rated 

CLT, or the Canadian Standard for Engineering Design in 
Wood CSA O86-19 (2019), which contains the design 
guidelines and properties of GLT. Other MT products are 
proprietary, and their properties and design values are 
provided by the manufacturers.  

The National Building Code (NBC) of Canada (NRC, 2015) is 
an objective-based model code that when adopted by each 
of the provinces as a Provincial Building Code, governs the 
construction in each province. The objectives and 
functional statements in NBC are stated and specific 
acceptable solutions are provided that meet these 
objectives. These acceptable solutions, however, are not 
the only means of meeting the code’s objectives. The code 
also allows alternative solutions, provided that such 
solutions meet the code’s objectives and minimum levels of 
performance. For example, timber buildings with Seismic 
Force Resisting Systems (SFRSs) not implemented in NBC, 
need to follow an alternative solution design process or 
even obtain a site-specific regulation (SSR). Origine and 
Arbora Buildings in Quebec are examples of alternative 
solutions design process because they use balloon-type CLT 
shearwalls to resist lateral loads that are not included as 
SFRSs in NBC. Brock Commons at UBC in Vancouver was 
designed and built using SSR, which is an even more 
rigorous process than the alternative solution. NBC and 
Provincial Building Codes reference material design 
standards for design and detailing of the structural systems 
given in the Codes, such as CSA O86-19.  

The 2020 edition of NBC, which is to be released in late fall 
of 2021, introduces for the first time a new type of 
construction called “Encapsulated Mass Timber 
Construction (EMTC)”. New acceptable solutions will allow 
EMTC to be used in Group C (residential) and Group D 
(business and personal services) major occupancy buildings, 
with some allowances for mixed-use occupancies on the 
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lower storeys. The height limit for these buildings made of 
EMTC is 12 storeys or 42m. These buildings would be 
allowed to have an area per storey of up to 6,000 m2 
(Group C) and 7,200 m2 (Group D).  

In December 2019, the Province of British Columbia (BC) 
made changes to the 2018 BC Building Code (BCBC) by 
adopting EMTC up to 12 storeys. A group of 20 
municipalities in BC, including UBC, Vancouver, North 
Vancouver, West Vancouver, Victoria, Richmond, Kelowna, 
Surrey, Prince George, and others, has supported the 
initiative. Province of Alberta (AB) also amended their 
provincial code in February 2020 to adopt EMTC provisions 
up to 12 storeys. As the next edition of BCBC that will be 
based on all the 2020 NBC requirements is not expected 
until 2022, this gives a chance to many BC and AB 
municipalities to use MT products earlier than other 
jurisdictions in the country.  

Mass Timber SFRSs in NBC 
Part 4 of Division B of the NBC provides the provisions 
related to all structural systems, including SFRSs made of 
MT. In 2015 NBC, there are only two SFRSs made of MT: 
Braced Timber Frames (BTFs) (Figure 1), and Moment 
Resisting Frames (MRFs) (Figure 2). Each comes with two 
different ductility categories: moderately ductile or limited 
ductility. Each ductility category is assigned different 
seismic force modification factors (Rd and Ro). Moderately 
ductile BTFs or MRFs are assigned Rd=2.0 and Ro=1.5, while 
limited ductile systems are assigned Rd=1.5 and Ro=1.5. 
Both systems have no height limit for low seismic zones, i.e. 
for locations where the product IEFaSa(0.2) is lower than 
0.35, where IE is the Importance Factor based on the 
building category, and Sa(0.2) is the 5% damped Spectral 
Response Acceleration for the location, for a period of 0.2s. 
Moderately ductile BTFs and MRFs have a height limit of 20 
m in moderate and high seismic zones (IEFaSa(0.2) ≥ 0.35), 
while limited ductile frames have a height limit of only 15 m 
in these zones. 

 

Figure 1. Braced timber frame used in Saint-Paul building. (Photo 
courtesy of Nordic Structures) 

 

Figure 2. Moment resisting portal frame using circular pattern of 
dowels in LVL beam and columns. (Photo courtesy of Metsä Wood) 
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For design details of braced timber frames and moment 
resisting frames, NBC refers designers to CSA O86. 
However, the O86 Standard does not currently include any 
design provisions for these systems. Consequently, both 
BTFs and MRFs, although included in NBC, must be 
designed using alternative solutions. To remedy the 
situation, FPInnovations’ (FPI) research team in 
collaboration with the University of Alberta and Canada 
Wood Council (CWC) is working on developing the research 
and technical information for implementation of design 
guidelines for BTFs in the next 2024 edition of CSA O86. At 
this point, design guidelines for MRFs are expected to be 
developed only for the 2029 edition of CSA O86.  

After a significant multi-year research effort by the FPI staff 
in collaboration with CWC, CLT shearwalls in platform-type 
construction will be implemented as an SFRS in 2020 NBCC. 
This is the first wood-based SFRS to be implemented in NBC 
in the last 30 years. Two ductility categories will be 
available: Moderately Ductile CLT shearwalls (Rd=2.0 and 
Ro=1.5) and Limited Ductility CLT shearwalls (Rd=1.0 and 
Ro=1.3). The height limits for both systems are 30 m for 
Seismic Categories 1 to 3 (SC1, SC2 and SC3), while the 
height limit is 20 m for Seismic Category 4 (SC4). For 
platform-type CLT buildings higher than 4 storeys, 
irregularity types 4, 5, 6, 8, 9 and 10 as described in Table 
4.1.8.6. of NBC are not allowed. These irregularities are 
related to: (4) In-Plane Discontinuity in Vertical Lateral-
Force-Resisting Element; (5) Out-of-Plane Offsets; (6) 
Discontinuity in Capacity - Weak Storey; (8) Non-orthogonal 
Systems; (9) Gravity-Induced Lateral Demand; and (10) 
Sloped Columns. 

Seismic categories are new entities implemented in 2020 
NBC. SC1 indicates the lowest seismicity, while SC4 
indicates the highest seismicity. More details about seismic 
categories are given in Table 1, where Sa(1.0) is the 5% 
damped Spectral Response Acceleration at a specific 
location for a structural period of 1.0s.  

Table 1. Seismic Categories in 2020 NBC 

Seismic 
Category 

IES(0.2) IES(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 

 

With the introduction of the new seismic categories in 2020 
NBC, the height limits for BTFs and MRFs are modified to fit 
the new code provisions. In 2020 NBC, there is no height 
limit for any type of BTFs and MRFs for SC1 and SC2. 
Moderately ductile BTFs and MRFs have a height limit of 20 
m in SC3 and SC4, while frames with limited ductility have a 
height limit of 15 m in those two seismic categories. 

Platform-type CLT as SFRS and CSA O86 
Requirements 
This section provides brief introduction to platform-type 
CLT as an SFRS and the major design and detailing 
requirements that are implemented in CSA O86-19 to 
complement the NBC requirements.  

In platform-type CLT construction, the floor at each storey 
is used as a base (platform) for the erection of CLT walls of 
the storey above. The height of the CLT walls is therefore 
equal to the storey height. At each storey, gravity loads are 
transferred through the CLT floor panels. Because gravity 
loads are cumulative, the maximum height of these 
buildings can sometimes be governed by the perpendicular-
to-grain compression resistance of the CLT floor panels at 
the lowest storey. Figure 3 shows a typical installation of a 
CLT wall panel on CLT floor platform. The CLT walls are 
connected to the CLT floors using metal brackets with 
fasteners (e.g., nails or screws). 

 

Figure 3. Typical installation of CLT wall panel on CLT floor 
platform. (Photo courtesy of Simpson Strong Tie) 

The first design guidelines for CLT as an SFRS in platform-
type construction were introduced in the 2016 Supplement 
of the 2014 CSA O86 Standard. The guidelines were further 
improved in the 2019 edition of the Standard under Section 
11.9 “Design of CLT Shearwalls and Diaphragms”.  
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The lateral resistance of CLT shearwalls is governed by the 
resistance of connections between the shearwalls and the 
foundation or floor, and connections between individual 
CLT panels. Similarly, the lateral resistance of CLT 
diaphragms is governed by the resistance of connections 
between diaphragms and supporting structure, and 
connections between individual CLT panels. 

To claim the RdRo product value of 3.0 in NBC (moderately 
ductile CLT walls), platform-type CLT SFRS should be 
designed with shearwall segments having a height to length 
aspect ratio of 2:1 or higher. In cases where the ratio is less 
than 2:1, the system should be of limited ductility category 
and designed for forces calculated using RdRo ≤ 1.3. 
Regardless, seismic energy should be dissipated through 
designated connections (fuses), and the system should be 
designed following the capacity design principles. Fuses 
should be at least moderately ductile in the directions 
associated with the rigid body rocking motion of CLT panels 
and should also possess sufficient deformation capacity 
allowing the CLT panels to rock. Fuses should be considered 
in the vertical joints between adjacent shearwall segments, 
or the connections connecting shearwalls to floors (or 
foundations) beneath (in uplift only). Sliding should be 
minimized at each floor level. 

All non-energy-dissipative connections, CLT panels that are 
part of the walls or diaphragms, diaphragm cords, struts, 
and other force transfer elements in the diaphragms should 
be capacity-protected by designing them to remain elastic 
under the force and displacement demands induced in 
them when the energy-dissipative connections (fuses) 
reach the 95th percentile of their ultimate resistance, or the 
target displacement. The seismic design force for these 
elements should not exceed the one determined using RdRo 
= 1.3. Continuous steel rods used as hold-downs should be 
anchored at each floor level and designed in accordance 
with CSA S16 to remain elastic while allowing for the 
expected uplift due to overturning of the shearwalls.  

Different Height Limits for GLRS and SFRS  
Part 4 of NBC places height limits on MT SFRSs to either 15 
m, 20 m, or 30 m, depending on the type of SFRS and the 
seismic design category of the building location. These 
height limits apply only when MT is used as SFRSs. MT 
products used for Gravity Load Resisting Systems (GLRS) 
can be of EMTC up to 12 storeys (42 m). Such systems 
include post-and-beam, bearing walls, floor or roof panels 
supported on walls, point supported floors or roofs, timber 

concrete composite (TTC) floors, and other hybrid or 
proprietary systems.  

Conclusions 
MT products provide options to develop efficient structural 
systems for resisting gravity and lateral loads. Such systems 
can be competitive alternatives to their steel and concrete 
counterparts. This InfoNote briefly introduces the EMTC as 
a new product/type of construction in 2020 NBC, along with 
all MT SFRSs that are implemented in 2020 NBC, their 
height limits, as well as the main design requirements for 
platform-type CLT walls as an SFRS according to CSA O86-
19. Differences among height limits for MT GLRS and SFRS 
in NBC are also discussed. The information presented here 
introduces MT SFRSs that are codified to designers, 
provincial MT authorities, and local authorities having 
jurisdiction with a goal to support the adoption of MT SFRSs 
in residential and non-residential applications. 
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