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Abstract

Precast concrete (PC) shear walls are widely used for buildings across Canada, yet their seismic
design follows seismic design provisions developed primarily for cast-in-place (CIP) concrete
buildings due to the lack of specific research on PC shear walls. The absence of the PC-specific
design provisions has resulted in inconsistency in design and increased uncertainties in the
seismic performance. For these reasons, the use of PC shear walls is concentrated in lower
seismic regions (e.g., Ontario) and their adoption remains limited in higher seismic regions (e.g.,
Vancouver). To improve these situations, PC-focused research programs are currently underway
at the University of British Columbia. One research program involves large-scale PC wall tests,
and the current paper outlines unique experimental approaches. In addition, the current paper
provides background information, including an industrial survey of Canadian practices for PC
buildings and the current building code requirements for PC buildings in Canada.
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1 Introduction

Precast concrete (PC) shear walls are widely used across Canada, particularly for residential
buildings in the lower seismic regions, such as in Ontario (Figure 1). These PC shear wall panels
are stacked over the building height to form the seismic-force-resisting system (SFRS). Despite
their widespread use, limited design guidance for PC shear wall systems exists in Canadian
building codes (NBC (CCBFC and NRCC 2025) and CSA A23.3 (CSA 2024)). Consequently,
design engineers must adopt code provisions intended for cast-in-place (CIP) concrete shear
walls. Nevertheless, the applicability of these provisions to PC shear walls has not been validated,
and design engineers are compelled to apply them to PC shear wall buildings, resulting in
inconsistent design practices. This inconsistency has led to inefficiencies in design and
construction, as well as increased uncertainties in the seismic performance of PC shear wall
buildings, ultimately increasing their seismic hazard risk. In addition, the lack of understanding of
the seismic performance of PC shear walls has limited their application primarily to lower seismic
regions (e.g., Ontario). As a result, PC shear wall buildings have not been widely adopted in higher
seismic regions (e.g., Vancouver).

AFES National Conference 1



To advance the development of design provisions for PC shear walls and to facilitate their
application in higher seismic regions, extensive research programs are currently underway at the
University of British Columbia (Tobber et al. 2025). This series of research includes PC shear wall
connection tests (Uwamahoro et al. 2024, Kuwabara et al. 2025), and numerical modelling of the
PC wall panels, connections (Buker and Tobber 2025) and building systems (Moghadasi et al.
2023).

This paper describes the next stage in the research program on PC shear walls, which involves
large-scale PC wall tests. To maximise the research outcomes and benefits to the Canadian
industry, an industrial survey was conducted of engineers of PC buildings in Canada. Also,
Canadian building code requirements were reviewed. Finally, the current paper outlines the
proposed large-scale wall tests, including the testing philosophy, scale of testing, and key test
parameters.

Figure 1. Residential PC shear wall buildings in Canada (CPCI 2020, 2021)

2 Canadian Design Practice

Concrete buildings in Canada must comply with the requirements of Canadian Standard CSA
A23.3: Design of Concrete Structures (CSA 2024). This document has a chapter on the seismic
design of PC structures; however, it has limited design guidance. The National Building Code of
Canada (NBC) (CCBFC and NRCC 2025) provides prescriptive design provisions for 15 different
types of concrete SFRS, including three different types of tilt-up concrete SFRS; but does not
include any provisions for PC structures. Design engineers in Canada have had to use the seismic
design provisions developed for CIP concrete structures to design PC buildings, leading to
inconsistent design and construction practices in Canada.

The Canadian Precast/Prestressed Concrete Institute (CPCI) publishes a design example (CPCI
2021) (referred to as ‘CPCI Design Example’ hereafter) that is widely used for the design of PC
structures in Canada. This document describes practical seismic design procedures for a 13-
storey residential PC shear wall building in Toronto. The floor plan is rectangular, where residential
units are separated by transverse PC shear walls (Figure 2). These transverse PC shear walls
are non-insulated, 810 m long, 250 mm thick, one-storey high (= 3 m), and utilised as a primary
SFRS in the transverse direction. A SFRS in the longitudinal direction consists of longitudinal PC
shear walls. Four rectangular PC walls are placed around staircases and elevator shafts and are
connected using steel hardware; however, these connections are for construction alignment only;
therefore, they are not expected to perform as flanged walls.

Since PC shear walls are one-storey high, they are stacked horizontally to form an LFRS along
the building height, most commonly using grouted dowel connections (GDCs) (Figure 3a). Dowel
bars are embedded in a lower panel, and metal ducts are embedded in an upper panel at the PC
plant. These shear walls are jointed at site by grouting metal ducts and dowel bars. In addition,
GDCs often utilise mechanical splicers to prevent embedded dowel bars from protruding from the
panel so that it prevents formworks from being perforated (Figure 3b). Welded plate connections
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(Figure 3c) are also commonly used, particularly where higher construction tolerance is required
(e.g., wall-to-base connection).

The floor system is typically a hollow-core floor system. Hollow-core floor units are spanned
between PC shear walls. The hollow-core floor units are often placed in between PC wall panels
(hollow-core sandwich) (Figure 3d). The voids of the hollow-core floor units are filled with grout to
ensure the bearing capacity. In the corridor area (Figure 2), hollowcore floor units are supported
with lintels using steel angles (Figure 3e).
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Figure 2. Typical configuration for PC shear wall residential buildings in Canada (Modified from (CPCI 2021))
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Figure 3. (a) Configurations of horizontally stacked PC walls using grouted dowel connections;
(b) mechanical splicer detailing, and (c) hollow-core sandwich detailing (wall reinforcement is omitted)

2.1  Industrial Survey

To confirm the details described in the CPCI Design Example and understand Canadian PC
design and construction practices, an industrial survey was conducted in collaboration with CPCI.
The survey was completed by 32 practitioners involved in the PC design and construction across
Canada. A summary of the collected survey results and statistical analysis of the results (¥ =
median, ¢ = standard deviation) are presented in Figure 4. Question (a)—(f) were asked for all
participants, and Questions (g)—(n) were asked for only structural engineers.
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(a) What is your primary role?

Out of 32 respondents, 50% are either a structural engineer, precast fabricator, or both. 25%
of them are precast erectors, and a few respondents are either architects or materials
suppliers.

(b) What is the typical building use of PC wall buildings? (indicate the percentage of buildings.)
Residential building is the most common building use (¥ = 50%). The warehouse building is
the second common building use (¥ = 15%). Office and parking are less common (¥ < 5%).
Some PC wall buildings are stadiums, but not very common.

(c) Where are PC buildings located? (indicate the percentage of buildings located in each region.)
Most PC buildings are located in Ontario (ON) (¥ = 50%). Fewer PC buildings are located in
British Columbia (BC), Alberta (AB), Manitoba (MB), Prince Edward Island (PEI), Nova Scotia
(NS), and New Brunswick (NB). In other regions, PC buildings are least common.

(d) What is the typical number of storeys for PC residential buildings?

The most typical number of storeys is 5-14 storeys (62%). <5 storeys and 215 storeys are
less common (22%).

(e) What is the typical floor system for residential PC buildings? (indicate the percentage of
cases.)

The hollow-core floor system is most common (% = 90%). Other floor systems are less
common (¥ < 5%).

() What is the typical thickness for non-insulated PC walls? (indicate the percentage of walls.)
The common wall thickness is 200 mm (¥ = 40%) and 250 mm (¥ = 20%). Other thicknesses
are less common (¥ < 10%).

(9) What is the typical SFRS for PC buildings? (indicate the percentage of buildings.)

Almost all PC buildings adopt a shear wall system (¥ = 100%). The moment frame and the
dual wall-frame system are not common in Canada.

(h) What is the typical ductility class for PC shear walls as per CSA A23.3?

PC walls are detailed as conventional shear walls (¥ = 100%) (see Section 3). This
observation is consistent with the results from (d) that most PC buildings are located in
Ontario, where the seismic demands are relatively low (Figure 5)

(i) What is the typical connection type for wall-to-base connections? (indicate the percentage of
cases.)

The grouted dowel connection is the most common (¥ = 50%). The welded plate connection
is the second most common (¥ = 20%). The grouted sleeve connection is the least common
(% = 0%).

() What is the typical connection type for wall-to-wall connections? (indicate the percentage of

cases.)
Similar to the wall-to-base connection, the grouted dowel connection is the most common
(X = 75%). The welded plate connection is the second most common (% = 10%). In
comparison with the wall-to-base connection, the grouted dowel connection is more common,
and the welded plate connection is less common. This is because wall-to-base connections
require greater construction tolerances than wall-to-wall connections, as the foundation is CIP
concrete; and welded plate connections can accommodate greater tolerances than grouted
dowel connections.

(k) What is the primary purpose of vertical connections of PC walls? (indicate the percentage of

cases.)
The most common purpose of vertical connections is construction alignment (¥ = 75%).
Some engineers use vertical connections to achieve composite actions (¥ = 25%); however,
it is inferred that design and construction methodologies have not been validated since no
specific guidance is available in existing guidelines (CPCI 2017, 2020, 2021, CSA 2024).

(I) What is the typical metal duct diameter as a ratio to the dowel bar diameter (dy)?

The most common metal duct diameter is 3d, (¥ = 50%), which is consistent with CPClI’s
recommendation (CPCI 2017). <3dy and 4dy are less common (¥ = 20%). This variation might
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(m)

(n)

have arisen from using the same metal duct diameter for multiple dowel bar sizes (e.g., 3”
duct for 25M or smaller, and 3.5” for larger bars). Other sizes are barely used.

What is the typical specified (nominal) concrete compressive strength (f) for PC wall panels?
(specify either a single value or a range (e.g., 40-50 MPa))

In the survey, where a single value was answered (e.g., 40 MPa), that value was assumed to
be the median value (X¥). Where a range was answered (e.g., 40-50 MPa), the upper value
and the lower value were assumed to be the median value + one standard deviation (o).
Based on the answers, an average cumulative normal distribution was derived. The median
value is 43 MPa. ¥ + o are 36 MPa and 51 MPa.

What is the typical pump grout strength for grouted dowel connections, grouted sleeve
connections, or hollow-core core fills? (specify either a single value or a range (e.g., 40—
50 MPa))

The same statistical assumptions as (m) were applied to the answers. The median value is
42 MPa. X £+ ¢ are 35 MPa and 49 MPa.
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Figure 4. Industrial survey results

3 Canadian Seismic Design Requirements

The seismic design requirements in the Canadian building codes (NBC and CSA A23.3) are
summarised in this section, as these requirements have direct impacts on the design practice for
PC walls. As the majority of PC shear wall buildings are constructed in Ontario (see Section 2.1),
information is also provided about the Ontario Building Code (OBC) (Table 1). According to NBC,
shear wall systems (both CIP and PC) are classified into three different ductility classes: 1) ductile™®
(R; = 3.5, R, = 1.6); 2) moderately ductile® (R; = 2.0, R, = 1.4); and 3) conventional™® (low
ductility) (R; = 1.5, R, = 1.3). For each ductility class, NBC and CSA A23.3 impose different
design requirements (e.g., force reduction factors, height limits, and detailing requirements). In
addition, NBC specifies one of four different Seismic Categories (SC1 to SC4) for a building,
depending on the design seismic demands at T = 0.2 and T = 1.0 (T = period of the building).
SC1 buildings are designed for the lowest seismic demands, while SC4 buildings are designed for
the highest seismic demands.

"a Ry and R, = force reduction factors for ductility and overstrength.

Table 1. PC-related key provisions for conventional and moderately ductile shear walls as per NBC and
CSA A23.3

Ontario Building Code (OBC) OBC 2006 OBC 2012 OBC 2024 TBD
Effective Period Dec 31, 2006~ Jan 1, 2014~ Jan 1, 2020~ Jan 1, 2025~Current TBD
National B“"d'(’,llng‘)’de ofCanada | \5c 2005 NBC 2010 NBC 2015 NBC 2020 NBC 2025
CSA A23.3 CSA A23.3-04 CSA A23.3-14 CSA A23.3-19 CSA A23.3-24
Seismic Category (SC)
for buildings in downtown Toronto™ SC2 SC3
Height Limit No height limit <40m
Conventional Connection No specification Strong or weak
Walls Strength™® (Weak connection) connection’d
Boundary Elements™ Not required ‘ Required
Height Limit No height limit
Moderately- Connection - -
Ductile Walls Strength® Strong or weak connection® Strong connection’f
Boundary Elements™ Required

‘a Seismic category (SC) for Toronto City Hall (100 Queen St W, Toronto, ON) with normal importance (I = 1.0) and Soil Class C in accordance with NBC (e.g.,
Table 4.1.8.5-B as per NBC 2020 (CCBFC and NRCC 2020)).

"> A weak connection has a lower capacity than the wall panel, so that deformation concentration is expected at horizontal joints. A strong connection has a higher
capacity than the wall panel; therefore, inelastic actions are expected in the wall panels.

‘e Boundary element is the cross-sectional area at the end of the wall where a minimum of four vertical reinforcements is tied with hoops.

*d Connections must remain elastic at either the development of nominal capacity of the wall (i.e., strong connection) or the seismic demands associated with
R4Ro = 1.3 (Clause 21.8.6 of CSA A23.3-24 (CSA 2024)). R, and R,, = force reduction factors for ductility and overstrength.

‘e Where a strong connection is used, the connection must remain elastic at 1.5 times the nominal capacity of the wall panel (21.8.4.3 as per CSA A23.3-19).

*f A strong connection must remain elastic at the probable capacity of the wall panel.
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As the seismic demands are relatively low in Ontario (Figure 5), shear walls are designed as
conventional walls. Before the seismic hazard was increased in NBC 2020 (CCBFC and NRCC
2020), most buildings in Ontario were classified as SC1 or SC2, which meant that these buildings
had no height limit for conventional shear wall systems. When NBC 2020 was adopted by OBC
2024 (January 2025) (Government of Ontario 2025), buildings in many locations in Ontario
became classified as SC3, which imposes a 40 m building height limit for conventional shear walls.
SC3 buildings taller than 40 m must be designed and detailed as moderately ductile wall systems,
requiring design engineers to shift from lower ductility design to higher ductility design.

CSA A23.3 has had limited design requirements for PC shear walls. According to CSA A23.3-19
(CSA 2019) or previous editions, ductile PC shear walls must meet all requirements for ductile
CIP concrete shear walls and must contain strong connections — ductile PC shear walls must
fully emulate ductile CIP shear walls. This system has rarely been used in Canada. Moderately
ductile PC walls must meet all the requirements for moderately ductile CIP shear walls and are
permitted to have either strong or weak connections (Table 1).

The connection reinforcement that is designed to yield (weak connection) has an adequate
anchorage to develop the probable strength of the reinforcement (1.25 times the specified yield
strength). Any connection reinforcement that is designed not to yield (strong connection) must be
able to develop 1.5 times the strength of the yielding reinforcement. According to CSA A23.3-24
(CSA 2024), both ductile and moderately ductile PC shear walls must have strong connections.
For ductile PC shear walls, the connection must be able to develop 1.5 times the specified strength
of the connection reinforcement, while for moderately ductile PC shear walls, it must be able to
develop the probable strength of the connection reinforcement (1.25 times the specified yield
strength).

CSA A23.3-19 (CSA 2019) or previous editions have provided no requirements for conventional
PC shear walls to meet the seismic design requirements for conventional CIP shear walls; and
provided no requirements for the design of their connections. As there have been no seismic
design requirements for connections of conventional PC shear walls, conventional PC shear walls
have been designed to have weak connections in practice.

CSA A23.3-24 (CSA 2024), although not expected to be adopted by any Canadian provinces for
several years, for the first time introduces seismic design provisions for conventional PC shear
walls. Conventional PC shear walls must meet all the seismic design requirements for
conventional CIP concrete shear walls. In addition, their connections must be stronger than the
nominal capacity of the wall panels, where a force reduction factor of 1.5 x 1.3 = 1.95 is applied
(i.e., strong connection). Nevertheless, the connections can be weaker than the wall panels (i.e.,
weak connection), where connection design force demands are calculated with a force reduction
factor of 1.3. While CSA A23.3-24 provides these connection design philosophies, there are no
specific design requirements or guidelines (e.g., embedment length) for grouted dowel
connections (the most common connection for PC shear walls. See Section 2.1) in any edition of
CSA A23.3.

PC wall panels are detailed according to CSA A23.3, as it requires PC shear walls to meet seismic
detailing requirements for CIP shear walls. In CSA A23.3-04 (CSA 2004) or previous editions,
‘boundary elements’ (a minimum of four vertical reinforcements tied with hoops) at the ends of the
wall are not required for conventional shear walls. CSA A23.3-14 (CSA 2014) first required
conventional shear walls to have boundary elements at the ends of the wall over the height of the
potential plastic hinge region (1.0 times wall length). The reinforcement in the boundary elements
must be extended over the height of the wall if ¢/L,, > 0.3 (c = neutral axis depth, and L,, = wall
length).

In summary, PC shear wall buildings in Canada have been designed with various details across
different editions of the building codes; particularly with respect to connection design and wall
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panel detailing. Such inconsistencies increase the uncertainty in the seismic performance of PC
wall buildings, underscoring the critical need for research to better understand their seismic
behaviour.

----- NBC 2015 (Toronto) —— NBC 2020 (Toronto) ====-NBC 2015 (Toronto) ——NBC 2020 (Toronto)
----- NBC 2015 (Vancouver) —— NBC 2020 (Vanvouver) -----NBC 2015 (Vancouver) ———NBC 2020 (Vanvouver)
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Figure 5. Design spectra for Toronto City Hall and Vancouver City Hall (Soil Class C, 2% probability in 50
years and 5% damping) in accordance with NBC 2015 (CCBFC and NRCC 2015) and NBC 2020 (CCBFC
and NRCC 2020)

4  Proposed Large-Scale Experimental Program

In this section, a large-scale experimental program is proposed to provide the evidence to develop
specific design guidelines for PC shear walls. Based on the survey results (Section 2) and the
review of building codes (Section 3), the proposed experimental program will focus on horizontally-
stacked Conventional PC shear walls with weak joints using grouted dowel connections for 5-14
storey residential buildings. While there is a variety of wall details to investigate (Section 3),
Conventional PC shear walls with weak joints will be studied first herein, and other details will be
studied in later phases. PC shear walls with weak joints were previously tested (Seifi et al. 2019,
Xue et al. 2022); however, their aspect ratios (height/length) and shear span ratios were 1.5-3,
which are not necessarily representative of PC shear walls in Canada.

Canadian PC wall panels are longer (panel height/ panel length = 0.35-0.45); therefore, a wall
pier along the building height has horizontal joints at every floor level. As the PC walls are used
for mid to high—rise buildings (e.g., 5—14 storeys), they are subjected to shear span ratios of 2.5—
7.0, resulting in flexural-dominant behaviour (Figure 6). In addition, PC shear walls with weak
horizontal joints are expected to experience concentrated deformations, while distributed
deformations (e.g., distributed cracking) are expected in CIP concrete shear walls (Adebar et al.
2007) (Figure 7). Given that concentrated deformations govern the behaviour of the PC shear
walls, the influence of scaling effects can be pronounced.

The current experimental program adopts an element test configuration with a focus on the
horizontal joint at as large a scale as possible (Figure 8). The test region is defined by having
boundary zones at the top and bottom ends of the wall panels. The boundary zones are stronger
than the test region, being reinforced by splice bars (Figure 9) so that the critical section is moved
to the ends of the test region, rather than the interface between the wall panel and the foundation.
The key test parameters are: 1) axial load ratio (e.g., 0% vs 10%); 2) hollow-core sandwich
detailing (with vs without); 3) wall panel reinforcement details (with vs without boundary elements
at the ends of the wall); and 4) loading conditions (e.g., pure bending vs combined moment and
shear). Other key parameters, for example, the influence of mechanical splicers and the
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embedment length of dowel bars, are being investigated in separate test programs at UBC
(Uwamahoro et al. 2024, Kuwabara et al. 2025).
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5 Conclusions

PC shear walls are commonly used for 5-14 storey residential buildings, particularly in the lower
seismic regions (e.g., Ontario). Those PC wall panels (8—10 m long) are horizontally stacked using
grouted dowel connections. These horizontal connections are typically designed as weak joints;
therefore, concentrated deformations (rotations) are expected at the horizontal joint.

For residential PC buildings, the floor system is typically a hollow-core floor system. Hollow-core
floor units span between PC wall panels; and they are often sandwiched between PC wall panels.
In this case, voids of the hollow-core units are filled with grout to ensure the bearing capacity.
These hollow-core units are expected to influence the seismic response of the PC shear walls.

Despite the widespread use of PC shear walls in Canada, Canadian building codes (NBC and
CSA A23.3) have been lacking PC-specific seismic design guidance, leading to inconsistent
design practices and increased uncertainty in their seismic performance. In order to obtain the
information to develop seismic design guidelines for PC shear walls in Canada, a large-scale
experimental program on conventional PC shear walls with weak horizontal joints was proposed.
To simulate the behaviour of PC shear walls in Canada, the PC shear walls will be tested at as
large a scale as possible, and a typical shear span ratio (e.g., 2.5 to 7) for tall PC shear wall
buildings. The information obtained from the industrial survey (Section 2) and the building code
review (Section 3) will be used to design the details of the PC wall specimens to represent typical
Canadian practice.

To the authors’ knowledge, the proposed experimental program represents the first large-scale
test of Canadian PC shear walls. The measured data will inform future updates to the NBC and
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CSA A23.3, leading to improved design provisions that enhance the safety and resiliency of PC
shear wall buildings in Canada. Moreover, the advancement of design practices will support the
Canadian PC industry in expanding its market.
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