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A global interest in using engineered wood 
products in residential and commercial buildings 
has increased due to their “green” credential and 
high strength-to-weight ratio. Mass timber (MT) 
products, such as cross laminated timber (CLT), 
provide options to develop efficient structural 
systems with seismic performance that is 
competitive with other construction materials, 
such as steel and concrete. The available MT 
seismic force resisting systems (SFRSs) include 
platform-type shear walls, balloon-type shear 
walls, post-tensioned shear walls, and braced 
frames. Practicing engineers, however, are not 
always familiar with some aspects of the 
structural performance and use of models for 
analysing the abovementioned SFRSs, leaving 
these efficient systems out of the market space. 
This InfoNote briefly introduces the promising MT 
SFRSs, and the corresponding analytical and finite 
element models to support their adoptions in 
structural design offices. 

Platform-type MT Shear Walls 
CLT structures are typically built using a platform-type 
approach where the floor at each storey is used as the base 
for erecting the 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 CLT floor 
panels. Because gravity loads are cumulative, the maximum 
building height is usually governed by the perpendicular-to-
grain compression resistance of the CLT floor panels at the 
lowest storey. Otherwise, specific solutions are needed to 
efficiently transfer gravity loads between wall panels in 
adjacent storeys. Figure 1 shows a typical storey of a 

multistorey CLT building. The CLT walls are connected to 
the CLT floors using metal brackets with fasteners (e.g., 
nails or screws).  

 
Figure 1. Platform-type CLT building, Murray Grove (Courtesy of 
Waugh Thistleton Architects). 

To quantify the seismic performance of platform-type MT 
shear walls, a series of monotonic and cyclic tests of CLT 
walls with various configurations and connection details 
were conducted at FPInnovations (Popovski, Schneider, & 
Schweinsteiger, 2010). The total lateral deflection of CLT 
walls is a sum of rocking (anchorage deformation), sliding, 
shear, bending, and slip (for coupled walls only), as 
illustrated in Figure 2. The shear and bending deformation 
are generally negligible except for walls with openings. The 
wall resistance is governed by shear connectors, hold-
downs, and vertical joints (if present). Accordingly, 
Popovsik & Gavric (2014), and Gravric, Fragiacomo & 
Ceccotti (2015) have developed simple analytical models to 
predict the lateral deflection and resistance of platform-
type CLT shear walls. 
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Figure 2. Deflection components of platform-type CLT walls (Gavric 
et al., 2015): (a) rocking; (b) sliding; (c) shear; (d) bending; and (e) 
slip. 

With respect to finite element models for structural 
analysis, CLT panels can be simulated using shell elements, 
while shear connectors, hold-downs, and vertical joints can 
be simulated using spring elements, as illustrated in Figure 
3. The modelling input relies on many factors, such as 
modelling objectives and analysis types. Generally, 
orthotropic elastic properties (Popovski, Gagnon, 
Mohammad, & Chen, 2019) are assigned to CLT panels 
because they are capacity designed, while input on stiffness 
and strength is required for the connections. CLT material 
properties are provided in FPInnovations CLT Handbook 
(Karacabeyli, & Gagnon, 2019) and are available in some 
design software programs, e.g., Dlubal. For nonlinear time-
history analysis, a hysteretic model capable of stiffness and 
strength degradation as well as pinching effect should be 
used for timber connections. Regarding multi-storey 
buildings, the influence of floor panels between two 
vertical walls should also be considered in the wall models, 
e.g., using elastoplastic springs or other equivalent 
methods, to account for the compression deformation in 
the floor panels. Otherwise, the lateral deflection of the 
multi-storey walls could be overestimated, resulting in an 
uneconomical design.  

  
(a) (b) 

Figure 3. FE models for (a) single and (b) coupled CLT shear walls. 

Ballon-Type MT Shear Walls 
In balloon-type construction (Figure 4), walls are 
continuous over multiple storeys, and floor panels are 
attached to the sides of the walls at each storey. This 
construction method alleviates the accumulation of 
compression perpendicular-to-grain on the floor panels. It 
also takes advantage of CLT panels that are manufactured 
up to 20 m in length. 

 
Figure 4. Balloon-type CLT building under construction (Courtesy of 
Nordic Structures). 

A series of monotonic and cyclic tests of CLT connections 
and walls with various configurations and parameters were 
conducted at FPInnovations (Chen, Cuerrier, & Popovski, 
2018) to quantify the seismic performance of balloon-type 
CLT shear walls. The total lateral deflection at any height 
(Figure 5) is comprised of bending, shear, rocking, sliding, 
and slip (for coupled walls only). Rocking and bending are 
the major contributors to the total deflection of single 



INFONOTE 
March 2021 – no. 06 

panel walls, while slip and bending dominate the deflection 
of coupled walls. The contribution of bending deflection 
increases with increasing aspect ratio (height to length of 
the panel). The wall resistance is governed by shear 
connectors, hold-downs, and vertical joints (if present). 

 
 

(a) 

  

(b) 
Figure 5. Analytical and finite element models of (a) single panel 
and (b) coupled balloon-type CLT shear walls. 

Two analytical models (rigid base and elastic base) were 
developed at FPInnovations (Chen & Popovski, 2020e & 
2021) based on engineering principles and mechanics to 
predict the lateral deflection and resistance of balloon-type 

CLT shear walls, as illustrated in Figure 5. Regarding the 
finite element models, CLT panels can be simulated using 
shell elements, while shear connectors, hold-downs, and 
vertical joints can be simulated using spring elements, as 
shown in Figures 3 and 5. Generally, orthotropic elastic 
properties are assigned to CLT panels because they are 
capacity designed, while stiffness and strength are required 
for the connections. For nonlinear time-history analysis, a 
hysteretic model capable of stiffness and strength 
deterioration as well as pinching effect should be used for 
timber connections. For walls with high gravity loads or a 
large aspect ratio, the compressive strength of CLT panels is 
needed to be considered in the material model, especially 
at the wall bottom, so that the pivot point, the moment 
arm of overturning resistance and hence, the lateral 
resistance and deflection of the walls can be accurately 
calculated. 

Post-tensioned (or Press Lam) MT Shear Walls 
In light of recent earthquakes worldwide, seismic design 
has moved towards the use of resilient or low-damage 
structural systems. Such systems are expected to damage 
at pre-defined location for ease of repair while offering 
safety to occupants as well as speedy recovery of 
structures. One of such systems in MT construction is called 
Prestressed-Laminated timber (Pres-Lam). In addition to 
energy dissipators placed at specific locations, the system 
utilizes post-tensioned (PT) MT walls in shear wall buildings 
(Figure 6).  

 
Figure 6. Trimble office building (Courtesy of JesúsMenéndez).

A series of monotonic and cyclic tests of Pres-Lam CLT shear 
walls in various configurations with different energy 
dissipators were conducted at FPInnovations (Chen, 
Popovski, & Iqbal, 2020; Chen, Popovski, & Symons, 2018) 
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to quantify their seismic performance. Low damage in Pres-
Lam is achieved by dissipating earthquake energy using 
axial energy dissipators placed at the bottom of the walls 
alone, or in combination with U-shaped flexural plates 
(UFPs) between the wall panels in the case of coupled 
walls. 

A well-established simple analytical method known as the 
theory of Monolithic Beam Analogy (MBA) is typically used 
to design Pres-Lam. Two finite element models (Figure 7) 
have been used for Pres-Lam: a rotational spring model, 
also called lumped/concentrated plasticity model, and 
multi-spring model. The former allows for general 
understanding of system responses. More detailed system 
behaviour can be captured by using the multi-spring model. 
Two types of multi-spring models were developed by using 
MBA and Winkler Spring Analogy (WSA), respectively. The 
MBA method tends to underestimate the response of Pres-
Lam, while the WSA method tends to overestimate the 
response. Both models require calibration to experimental 
data. 

 

  
(a) (b) 

Figure 7. Spring models for Pres-Lam: (a) Rotational spring model; 
and (b) Multi-spring model. 

A material-based modelling method was proposed at 
FPInnovations (Chen & Popovski, 2019, 2020b & 2020d) and 
incorporated into the finite element model of a coupled 
Pres-Lam CLT shear walls with axial fuses and UFPs as 
shown in Figure 8. The CLT panels are simulated using shell 
elements with orthotropic elastoplastic properties. The PT 
cables are modeled using truss elements with isotropic 
elastoplastic properties. The foundation, the steel plates 
connected to the PT cable at the top, and the steel roller in 

between the panels are modelled using rigid elements since 
their deformation is negligible. The PT force applied to the 
wall is achieved by lowering the temperature of the PT 
cable that causes the corresponding shortening. Axial fuses 
and UFPs (Figure 6) are simulated using connector/spring 
elements and beam elements, respectively, along their 
central axis with specific geometrical dimensions and 
isotropic elastoplastic properties. Only the material and 
geometric properties of panels, connections, and energy 
dissipators are required as model inputs. The material-
based finite element models are different from other 
current simplified numerical models by the fact that they 
can reduce the time- and resource-consuming wall tests 
required for model calibration and can predict the 
structural performance of Pres-Lam CLT shear walls to 
failure which may be challenging to obtain by testing in 
some cases. 

 
Figure 8. Finite element model for coupled Pres-Lam CLT shear wall 
with axial fuses and UFPs. 

Braced MT Frames 
Braced MT frames (BMTFs, Figure 9) are essentially 
vertically cantilevered planar trusses. Because of their high 
strength and stiffness to resist lateral loads, BMTFs are one 
of the most efficient SFRSs. BMTFs have recently been 
adopted in more than ten tall timber structures in high 
wind areas (e.g., the 18-storey Mjøstårnet building in 
Brumunddal, Norway) and high seismic zones (e.g., the UBC 
Earth Sciences Building in Vancouver, Canada).  



INFONOTE 
March 2021 – no. 06 

 
Figure 9. Saint-Paul building (Courtesy of Nordic Structures). 

A series of monotonic and cyclic tests of braces with end 
connections, mechanics analysis on connection and system 
ductility, and seismic response analysis of BMTFs with 
various design parameters were conducted at 
FPInnovations (Chen & Popovski, 2020a and 2020c; Chen, 
Popovski, & Symons, 2019). As the concept of capacity 
design is of major importance in seismic design of any SFRS, 
all nonlinear deformations and energy dissipation for 
BMTFs should occur in the connections at both ends of a 
brace. These connections should be able to yield by a 
combination of wood crushing and fastener bending. Brace 
connections on the column side, and other connections 
should be designed to remain elastic with strength higher 
than the probable strength of energy dissipative zones. 

Continuous column models (Figure 10) should be adopted 
for BMTFs. The columns and beams are modelled using 
elastic beam elements with linear elastic properties 
because they are capacity designed. If the BMTFs do not 
resist gravity loads, the beams can be modelled using 
elastic truss elements. The diagonal brace assemblies, each 
including a diagonal brace with two end connections, are 
modelled with equivalent truss / spring / connector 
elements with stiffness and strength determined following 
series springs theory (Chen & Popovski, 2020a and 2020c). 
The beams are connected to the continuous columns using 
pin connections. The columns are connected to the ground 
using pin connections. The brace assemblies play a key role 
in the seismic performance of BMTFs. Thus, the brace 
assemblies should be modelled with equivalent nonlinear 
hysteretic spring elements with the total response of 
diagonal brace and two end connections (Chen & Popovski, 
2020c) for the nonlinear time-history analysis. The 

hysteresis loops of the brace and end connections will be 
scaled first, and then be combined at the same load level. 
The combined hysteresis loops will be used as the input for 
the spring representing the whole brace assembly. 

 
Figure 10. Schematic diagram of finite element model for 4-storey 
BMTFs. 

Conclusions 
The development of mass timber products allows their uses 
in conventional and resilient structural systems. This 
InfoNote briefly introduces the structural mechanisms and 
analysis models used in platform- and balloon-type shear 
walls, post-tensioned and Pres-Lam shear walls, and braced 
frames. The information presented here is intended for 
designers familiarizing with the available MT SFRSs and 
their modeling techniques/solutions so that they can be 
efficiently adopted into residential and non-residential 
applications. 
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