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Abstract 
Precast concrete (PC) wall systems are increasingly used in Canadian mid- and high-rise 
construction due to their speed of erection, quality control, and cost advantages. Despite this 
growth, seismic design provisions in Canada are insufficient and impractical and largely 
adapted from cast-in-place (CIP) systems, which differ fundamentally in structural 
configuration and seismic response. As a result, current design practice relies on assumptions 
that may not capture the strength, stiffness, or ductility of PC walls, creating uncertainty in 
seismic performance and limiting the use of PC construction in Canada. This paper reviews 
prevailing Canadian construction practices for PC wall buildings, based on industry surveys 
and design document reviews, and identifies key differences from CIP systems. Major 
challenges include a lack of data on joint behaviour and ductility, limited applicability of existing 
test results, and the absence of validated modelling approaches. To address these issues, the 
paper presents an ongoing research program at the University of British Columbia in Canada, 
which integrates surveys, connection and wall testing, and numerical modelling. The program 
is designed to generate Canadian-specific evidence to support future code development.  
Keywords: Precast concrete shear walls; Canadian seismic design; Research program 

1 Introduction 
Precast concrete (PC) shear wall building systems have become increasingly common in 
Canada due to their construction efficiency compared to cast-in-place (CIP) concrete 
construction. Several PC buildings now exceed 20 storeys, increasing the demands on PC 
elements and resulting in more structural complexity. However, Canadian seismic design 
standards give little direct guidance for PC construction, resulting in designers applying CIP 
provisions by engineering judgment. Evidence from past earthquakes, including the 2011 
Christchurch event (Kam et al., 2011), shows that inadequately detailed PC joints are prone to 
significant damage and demonstrate the need for PC-specific seismic design provisions. 
This need is amplified by the fundamental structural differences between CIP and PC 
multistorey buildings in Canada. As shown in Figure 1a, a CIP building typically consists of a 
central reinforced-concrete core wall with flat slabs connected to perimeter columns. These 
elements are cast monolithically, forming flanged walls that act as a stiff, continuous core 
throughout the building height. By contrast, a Canadian PC building (Figure 1b) has multiple 
planar PC walls consisting of stacked PC panels that are structurally connected through 
horizontal joints. Although the PC layout in Figure 1b appears to contain multiple cores, the 
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individual planar walls do not interact in composite action. The connections along the vertical 
construction joints between the PC walls are detailed for alignment purposes only.  
Two wall orientations define the PC system. Parallel walls, which run along the hollow-core 
slab span, mainly carry their own self-weight and therefore have relatively low axial load. A 
typical parallel-wall joint uses a grouted dowel connection (GDC) in which a cast-in dowel bar 
extends from the lower panel into a steel tube in the upper panel, which is filled with grout on 
site (Figure 1c). Transverse walls, oriented perpendicular to the floor span, support the hollow-
core slabs and consequently have high axial load. Their joints sandwich hollow-core slabs 
between upper and lower panels (Figure 1d). Because transverse walls are laid out primarily 
for gravity load transfer, their number often exceeds what is required for lateral resistance, and 
they are frequently reinforced only to minimum code requirements (Büker and Tobber, 2025a). 

 
 

 

a) Floor plan of typical 
CIP building 

b) Floor plan of typical PC building c) Parallel wall 
connection 

d) Transverse 
wall connection 

Figure 1. Floor plan and connection detail examples of CIP and PC concrete buildings. 

A comprehensive research program was initiated at the University of British Columbia (UBC) 
to evaluate the seismic performance of Canadian PC wall systems and to develop evidence-
based PC wall design guidance for Canada. The program integrates industry surveys, design 
document reviews, component and wall testing, and micro- and macro-scale numerical 
modelling, with continuous feedback from an industry advisory group to ensure practical 
relevance. 
This paper first reviews the various knowledge gaps in seismic design of Canadian PC wall 
systems, followed by a detailed description of the UBC research program designed to address 
these gaps. The results aim to provide Canadian-specific experimental data, validated 
analytical models, and design guidance that can inform future editions of building codes, such 
as CSA A23.3 (Canadian Standards Association, 2024) and the National Building Code of 
Canada (NRC, 2020) In doing so, the work supports safer seismic design and promotes 
broader adoption of PC wall construction in mid- and high-rise buildings. 

2 Knowledge Gaps in Seismic Design of PC Walls 
Figure 2a illustrates a CIP wall under lateral loading, where cracking and yielding is spread 
over a plastic hinge region. In contrast, PC walls (Figure 2b) can develop deformations both 
within the wall panel and at the horizontal connections. The strength hierarchy between joint 
and panel, determined by connection design and detailing, governs the inelastic mechanism. 
In Canadian practice, the joints are often weaker than the panel, concentrating inelastic action 
and localised deformations at the joint. Nonetheless, “transitional” walls, with equal strength 
between joint and panel sections, can also distribute cracking and yielding along the panel, as 
shown by Büker and Tobber (2025a). Consequently, several questions arise that can not be 
answered by direct adoption of CIP wall research. The following sections discuss these 
knowledge gaps with an emphasis on horizontal joints using GDCs, the predominant detail in 
Canadian construction. 
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a) CIP shear wall b) PC shear wall with grouted dowel connection 

Figure 2. Seismic response of CIP and PC walls 

2.1 Design standards 

According to the National Building Code of Canada, seismic demands at the 2% in 50-year 
hazard level are reduced using two force-modification factors: Rd for ductility and Ro for 
overstrength. Their product, RdRo, represents the total reduction applied to elastic seismic 
forces, similar to structural performance factors in Australia and R factors in the United States. 
Most Canadian PC buildings are located in low-seismic regions and are therefore designed as 
Conventional Construction, typically with Rd = 1.5 and Ro = 1.3, giving a combined force 
reduction of RdRo = 1.95. This level of ductility was originally developed for CIP construction 
and has not been studied for PC walls.  
Prior to the 2024 edition, the Canadian standard for reinforced concrete building design, CSA 
A23.3, provided no seismic design provisions for conventional construction PC shear walls 
(Kuwabara et al., 2025a; Uwamahoro and Tobber, 2023), and engineers relied on judgment 
and CIP provisions despite the fundamentally different behaviour of the two systems. CSA 
A23.3-24 now introduces a requirement to capacity-design horizontal joints so that joint 
strength exceeds that of the adjoining wall panel regions, which is unlike typical practice. 
However, the standard does not prescribe joint detailing, and the strong-joint requirement may 
be unsuitable for some configurations; further study is needed to establish its applicability. 
Kuwabara et al. (2025a) provide a detailed review of the evolution and current state of 
Canadian seismic design provisions for PC walls.  

2.2 Variability in construction practice 

The limited design guidance in Canadian codes results in large variability in construction 
practice. Typically, economy and ease of erection often govern detailing choices. Although 
industry manuals (e.g., Canadian Precast/Prestressed Concrete Institute (CPCI), 2021; PCI 
Industry Handbook Committee, 2017) provide useful examples, they are not mandatory, and 
individual producers adopt different hardware, connection details, and on-site practices 
depending on regional supply chains and contractor preferences. This diversity from the local 
connection level to the building system creates significant variability in key design parameters 
that directly influence structural performance. A systematic survey and compilation of current 
practice are therefore required to quantify this variability and to identify which construction 
choices most affect seismic performance and should be explicitly addressed in future design 
provisions. 

2.3 Hardware performance 

Mechanical splicers such as threaded couplers are widely used to join reinforcing bars across 
PC wall joints, yet their behaviour under seismic demands remains insufficiently defined. 
These proprietary connectors are typically qualified for monotonic tension and may meet basic 
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strength requirements (American Concrete Institute, 2025; ICC Evaluation Service (ICC-ES), 
2020; Sharma et al., 2025), but their low-cycle fatigue resistance and cyclic slip are rarely 
documented. Because these devices govern the transfer of forces across horizontal joints, 
uncertainties in their cyclic performance introduce risk to the global ductility of PC wall systems. 
Targeted cyclic testing and constitutive modelling of mechanical splices are therefore critical 
to provide reliable strength and deformation limits and to support code provisions. (Bompa and 
Elghazouli, 2018, 2019; Ericson, 2010) 

2.4 Element performance 

Because a significant amount of a PC wall’s cyclic deformation can localise in the connection 
reinforcement of the joint, the cyclic force–displacement behaviour of those connections is 
critical to overall seismic performance. While there are many studies focusing on the bond and 
embedment length of the dowel anchored in the duct (e.g., Elsayed, 2018), or cyclic testing of 
debonded bars (Aragon et al., 2019), few assess the total connection behaviour using detailing 
typical of practice. Menegon (2018) evaluated boundary elements of PC systems with GDCs 
under cyclic axial tension–compression. Their results confirmed that varying the connection 
strength relative to the wall panel strength strongly influences the tensile behaviour and 
damage patterns. Although Menegon’s detailing somewhat reflects North American practice 
(i.e., use of GDC, no debonding), only three specimens were tested, and the reinforcing steel 
differs from Canadian materials. These limitations show the need for further cyclic testing of 
GDCs with Canadian-specific detailing and reinforcing steel properties.  

2.5 Wall panel behaviour 

Curiously, while substantial experimental work has been carried out on PC walls with 
unbonded post-tensioning (UPT) or energy-dissipation devices (Kurama et al., 2018), few 
research programs have investigated walls detailed as typically built in practice. One such 
example is Seifi et al. (2019), who tested seven planar walls with GDCs while varying axial 
load, confinement, number of vertical reinforcement layers, and connection strength. Their 
results showed that, despite similar reinforcement ratios between the joint and the wall panel, 
most lateral displacement originated from joint opening, with joint rotation accounting for a 
significant portion of total roof drift. However, these roof drifts cannot necessarily be 
extrapolated to much longer PC walls, as used in practice.  
In CIP walls, deformation capacity develops through distributed yielding over a plastic hinge 
region and scales predictably with wall aspect ratio (Adebar et al., 2005), making small-scale 
tests directly applicable to taller walls of similar proportions. By contrast, PC walls concentrate 
their deformation at discrete joints. As such, the roof drift ratio is largely governed by joint 
rotations, which are in turn limited by the tensile displacement capacity of the dowels. As the 
wall length increases, the joint rotations at bar fracture decrease. As a result, drift capacities 
from tests of 1-2 m long walls in the laboratory cannot be directly extrapolated to real-life walls 
with up to 12 m wall length. Further, joint-controlled mechanisms such as dowel strain 
penetration, dowel buckling, and low-cycle fatigue under large joint openings could further limit 
roof drift. As such, it’s important that realistic, larger-scale testing is completed. 
The compression response of the wall during joint opening is another critical but largely 
unstudied aspect. As the joint gap opens, high compression strains can develop on the 
compression side of the wall, but the displacement distribution is not consistent with the plane-
sections-remain-plane assumption. While estimating the effective compression depth has 
been studied for UPT walls, large inconsistencies across proposed compression depth 
methods prevail, and the applicability to conventional PC walls is uncertain. Quantifying the 
compression behaviour is important for accurate modelling and determining the deformation 
capacities of PC walls. 
Given that Canadian PC walls have storey-height panels with a horizontal joint at every level, 
targeted testing is needed to quantify how joint-to-panel strength ratios govern inelastic 
demand. Specifically, wall subassemblies and panels should be tested with specimens with 
different (i) joint strength (weak/transition/strong relative to the panel), (ii) axial load level, and 
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(iii) floor inclusion (i.e., both with and without hollow-core slabs “sandwiched” between panels). 
Further, tension–shear–compression mechanisms at the joint, the effect of strain penetration 
and potential dowel buckling/low-cycle fatigue, and the resulting distribution of yielding along 
the wall height need to be investigated. Experimental data from Canadian wall tests are 
urgently needed in order to establish deformation capacities, calibrate numerical models, and 
define rational detailing and height/ductility limits for conventional Canadian PC wall systems. 

2.6 Modelling methodologies 

Validated numerical models for PC walls, detailed to Canadian practice, remain limited. Weng 
et al. (2024) developed and verified a micro-model that incorporated bond-slip of GDCs to 
estimate cyclic response, showing good agreement with tests and providing a basis for 
simulating different detailing and loading conditions. However, the study did not investigate 
wall detailing beyond the tested specimens, which the authors identified as future work. 
Macro-modelling of PC walls with GDCs has not yet been reported in the literature to the 
authors’ knowledge. Existing modelling approaches for UPT rocking walls incorporated multi-
spring layers, distributed plastic hinges, and lumped hinges, but those approaches cannot be 
directly applied to conventional PC walls. Accurate modelling of PC walls with GDCs requires 
explicit representation of the cyclic tension–shear–compression behaviour of GDCs (Section 
2.5) and reliable estimation of compression-zone depth and compression-spring behaviour 
(Section 2.4). Developing such tailored macro models is essential for building-scale seismic 
analysis and collapse assessment of Canadian PC wall systems. 

2.7 Building performance 

System-level simulation is essential for evaluating the seismic performance of PC wall 
buildings. While numerous studies have modelled rocking PC systems, no published analyses 
have examined the system-level response of multistorey PC walls with GDC connections. To 
develop reliable design recommendations, it is necessary to quantify deformation demands on 
individual joints and establish methods to estimate these demands within whole-building 
analyses. In addition, assessing the overall ductility of PC wall systems requires collapse-level 
simulations to determine appropriate, PC-specific Rd values for seismic design. 

3 Development of Research Programs at UBC  
To address the identified knowledge gaps (Section 2) and to inform future seismic design 
provisions, a comprehensive research program has been initiated at UBC. The program 
combines large- and small-scale experimental testing with advanced numerical analysis, 
across both UBC campuses, while also incorporating innovation and commercialisation 
pathways. A defining feature of the program is its continuous two-way exchange with an 
industry advisory group, including Canadian Precast/Prestressed Concrete Institute (CPCI) 
members, contractors, producers, manufacturers, engineers, and government stakeholders. 
This ensures the research remains grounded in practice and maximises benefits for the PC 
industry. The overall structure of the program is summarised in Figure 3. 

3.1 Understanding current state-of-practice 

An industry survey and industrial structural drawings reviewed the prevailing Canadian industry 
design and construction practices for PC walls. The derived information is used to identify key 
parameters for experimental tests (Section 3.2) and numerical simulations (Section 3.3). 
The industry survey was conducted with practitioners (architects, designers, producers) in 
Canada (Kuwabara et al., 2025a). Survey results indicated that Canadian PC walls are used 
almost exclusively in residential construction and are primarily constructed in lower seismicity 
regions (e.g., Ontario). In those buildings, PC walls form the sole seismic force resisting system. 
The majority of PC walls are detailed as conventional (low-ductility) walls. Most of the surveyed 
buildings (62%) are 5–14 storeys. Typical wall thickness of non-insulated PC walls was either 



 

AEES National Conference 6 

200 mm or 254 mm, with 40 MPa design concrete and grout strengths. Hollow-core slabs were 
the dominant floor system for residential buildings. The GDC was the most common connection 
type for both wall-to-base and wall-to-wall connections, typically with metal ducts sized at three 
times the dowel bar diameter (3db).  

Figure 3. Research program at the University of British Columbia 

In addition to the survey, four structural drawings were reviewed to identify key configurations 
of PC walls, including the building size, wall length, and dowel bar spacing (Table 1 and Figure 
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4). The building height ranged from 16 to 46.5 m (5–18 storeys), with 13–19 structural wall 
piers per building. Wall thicknesses were consistently 200–254 mm. In addition, the wall length 
(Lw) ranged from less than 1 m to 12.5 m, and 53% of walls exceeded 5 m (Figure 3.a), 
whereas all relevant previous experimental studies tested walls with lengths of ≤2 m (Section 
3.2). This discrepancy highlights the need for testing and modelling tailored to Canadian PC 
walls. The typical dowel spacing (Sd) was 250–1250 mm (Figure 3.b). Such large dowel 
spacing indicates that a single dowel often engages multiple reinforcement bars in the panel 
to form a tension load path. By contrast, CIP practice typically has direct lap splices.  

Table 1. Key characteristics of the reviewed PC wall buildings. 

Building 
label Number of stories Building height (m) Number of structural 

wall piers 
Total floor area 

(m2) 
Wall thickness 

(mm) 

A 13 46.5 13 881 254 
B 7 18 19 5055 203 
C 5 16 17 1454 254 
D 18 32 14 1379 254 

 

  
a) Wall length, Lw b) Dowel spacing, Sd 

Figure 4. Distribution of key wall parameters of the four reviewed PC wall buildings: (a) wall length, Lw, 
(b) dowel spacing, Sd, and (c) schematic wall elevation indicating parameters used in analysis 

3.2 Experimental program 

To address the knowledge gaps identified in Section 2, a multi-stage experimental program 
spanning across hardware, connection, and wall-system scales is being conducted. The work 
is organised as follows. 
Hardware testing - Mechanical-splicer tests (addresses Section 2.3) 
Kuwabara et al. (2025b) are testing about 70 mechanical threaded splicer specimens, 
including two thread types (straight and tapered) and three reinforcing bar diameters (16 mm, 
19.5 mm and 25.2 mm), to quantify cyclic strength, slip, and low-cycle fatigue. This data will 
establish constitutive models and deformation limits for threaded couplers used across 
horizontal joints. 
Element tests – GDC cyclic tests (addresses Section 2.4) 
Element tests comprise two reinforced-concrete blocks joined by a GDC and loaded under 
reversed uniaxial tension–compression. Compression amplitudes are large enough to close 
the joint gap but limited to avoid concrete crushing. A subset of results has been published by 
Uwamahoro et al. (2025). The exploratory tests indicate that joint strength governs 
displacement capacity: weak joints concentrate deformation at the connection, whereas 
stronger joints reduce joint opening and, in a wall context, would shift more deformation into 
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the panels; in either case, deformations remain below those typical of monolithic CIP blocks. 
Ongoing tests vary dowel debonding length and grout strength with the goal of refining a 
mechanical model for the cyclic force–displacement response and displacement capacity of 
GDCs.  
Large-scale wall tests (addresses Section 2.5) 
Building on the element tests, large-scale PC wall specimens will be tested in 2026 in UBC’s 
new multi-axis subassembly testing (MAST) system. Walls will be configured with and without 
hollow-core slabs and with joints of different relative strengths, i.e. weaker, equal or stronger 
than the panel section. Pure bending and combined moment–shear loading will be applied to 
observe joint rotation, distributed yielding, and compression-zone depth. These results will be 
used to develop mechanical and numerical models and provide data for rational detailing and 
ductility limits that can inform Canadian-specific seismic provisions. The testing program is 
described in detail in Kuwabara et al. (2025a). 

3.3 Numerical Simulation   

Numerical simulation extends experimental results to system-level performance and supports 
evaluation of design assumptions across a range of archetypes. Both macro- and micro-
modelling approaches are used to capture the nonlinear behaviour of PC wall systems and 
assess their seismic performance under realistic loading. Together, these approaches provide 
complementary perspectives. Macro models enable system-level parametric studies of wall 
layouts and collapse assessments, while micro models help to understand local joint 
mechanisms and flexural–shear interaction.  
Macro-modelling  
At the macro level, Büker and Tobber (2025b) have developed a multi-spring modelling 
approach in OpenSeesPy (Zhu et al., 2018) that represents the nonlinear force–displacement 
response of PC wall connections (Büker and Tobber, 2025a). This method has been validated 
against existing experimental data and adopted by Sabounchi et al. (2025) to simulate the 
seismic behaviour of PC wall systems. Preliminary analyses indicate that displacement 
demand is highly sensitive to both connection detailing and panel geometry, and that PC walls 
exhibit a softer global response than CIP walls due to joint flexibility. Future work will expand 
the set of archetypes, level of seismicity, conduct sensitivity studies on key design parameters, 
and assess collapse performance to identify a suitable Rd value for Canadian Precast 
systems. 
Micro-modelling  
At the micro level, finite element models are being developed in VecTor2 (Vecchio and Collins, 
2014), to capture local joint behaviour and the flexural-shear interaction in the wall panels. 
These analyses aim to quantify compression behaviour and load transfer mechanisms within 
the panels. Initial results have confirmed reduced deformation capacity in PC joints relative to 
CIP walls with lap splices. Ongoing work extends the models to multistorey walls with joints at 
each level to evaluate cumulative joint rotations and system-level response. 

4 Summary 
This paper reviewed the current state of PC wall construction in Canada and highlighted 
fundamental differences from CIP practice that create uncertainty in seismic performance. 
Industry surveys and design reviews show that Canadian practice relies heavily on 
conventional (low ductility) systems with panel geometries and detailing that fall outside the 
scope of existing test data. These findings underline the need for Canadian-specific research 
to support rational seismic design provisions. 
To address these gaps, a comprehensive research program has been initiated at the University 
of British Columbia. The program integrates experimental studies of connection hardware, 
element, and wall, along with macro- and micro-scale numerical modelling. Results from each 
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stream are designed to complement one another; experimental data define deformation 
capacities and failure modes, while numerical models extend these insights to system-level 
performance and collapse assessment. Together, they provide the technical foundation for 
developing evidence-based seismic design recommendations tailored for Canadian practices. 
The anticipated outcomes include validated models for PC wall systems, guidance on joint 
detailing and wall configurations, and performance-based design limits such as force deduction 
factors, height restrictions, and use in different seismic categories. In the long term, the 
program aims to provide updates to CSA A23.3 and the NBC, support the development of 
improved connection technologies, and broaden the use of PC construction as a cost-effective 
and seismically resilient solution for mid- and high-rise buildings. Beyond technical 
contributions, the program has potential societal benefits, including safer and more affordable 
housing solutions across Canada. 
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