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Mass timber (MT) building systems are gaining momentum around the world, especially in Canada 

where Federal and Provincial governments encourage the greater use of wood in construction 

projects through various promotion programs such as GCWood Program. In the meanwhile, seismic 
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significantly higher seismic loads for structures in many locations. Consequently, there is a need to 

develop new lateral load resisting systems that allow mass timber structures to better compete 

against their counterparts in steel, concrete and masonry. Building on the success of midply shear 

walls for wood-frame construction, a multi-year research project was initiated at FPInnovaitons to 

develop MT version of midply shear wall systems that have greater structural capacities, fire, and 

acoustical performance.  

In the first year of this project, literature reviews were conducted to identify the code requirements 

on MT components and to survey the available LLRSs used in the MT structures. Conceptual MT 

midply wall systems meeting structural, fire, and acoustical performance requirements were 

proposed. An advisory group meeting was held to evaluate the practicability of the proposed MT 

midply systems. In the next fiscal year, the proposed MT Midply will be optimised further according 

to the comments and suggestions from the advisory group. Analytical evaluation of the proposed MT 

Midply wall systems along with necessary tests will be conducted. Based on the evaluation, a go / no-

go decision will be made as to whether the study should be continued for the proposed MT Midply. 
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1 INTRODUCTION 
Mass timber (MT) building systems are gaining momentum around the world. In Canada, the 

province of Quebec has permitted MT buildings up to 12 storeys since 2015. British Columbia (BC) 

and Alberta have permitted such buildings as of 2018 and 2019, respectively. With the release of 

2020 National Building Code (NBC) of Canada (NRC, 2020), it is anticipated that other provinces 

will also allow up to 12-storey MT buildings. Meanwhile, Federal government has initiated a 

GCWood Program to accelerate the use of MT in Canada. Similarly, an MT Demonstration Program 

has also been initiated by BC government. An RBC report (RBC, 2020) shows that the use of MT is 

on the rise, and the trend is expected to stay, as shown in Figure 1. 

 

Figure 1. RBC Capital Markets’ North American CLT demand forecast (Cubic meters) (RBC, 2020) 

 

As the movement towards tall wood buildings picks up momentum, there is a great need for the 

development of a variety of MT lateral load resisting systems (LLRSs) that are competitive against 

their counterparts in steel, concrete and masonry. Up to date,  limited LLRSs are available in the 

Canadian timber design code (CSA, 2019) and the NBC (NRC, 2015) for MT structures.  

In 2020 National Building Code (NBC) of Canada (NRC, 2020), seismic design provisions have 

changed for all site classes, resulting in higher seismic loads for structures in many locations, 

compared to the NBC 2015 (NRC, 2015). Table 1 shows a comparison of seismic design loads 

between 2015 and 2020 NBC for several locations across Canada (Bagheri, Popovski, Ni, and Chen 

(2021). It shows that the seismic load increase in some of the metropolitan areas of Canada is 

significant. 

Table 1 Average increase in seismic design loads 2020 vs 2015 NBCC [%] 

Location Soil Class C Soil Class D Soil Class E 

Victoria +52 +65  +56  

Vancouver +30 +48 +30 

Montreal +49 +50 +40 

Toronto +59 +65 +26 
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With the damage caused by recent earthquakes worldwide, seismic design has moved towards 

the use of resilient or low-damage structural systems (Chen, Popovski, & Symons, 2018). Seismic 

resilient timber structures are desired. Seismic resilience is an ability to reduce the response effort 

and shorten recovery time to restore structural functionality (Figure 2). Seismic resilient 

structures can be designed to resist multi-shaking intensity with expected performance and 

controlled damage. Thus, it is economical to repair. The structural fuse plays an important role in 

the seismic resilient structures. The fuses are easily accessible, decoupled from gravity system, 

easy to repair and/or replace, and tuned to multi-shaking intensity.    

 

Figure 2. Time-effort curve after disaster (Source: City of Vancouver)   

To address the increased seismic loads and desired earthquake resilience, high-performance 

LLRSs in terms of strength, stiffness, and energy dissipation need to be developed. Midply shear 

wall system (Varoglu, Karacabeyli, Stiemer, & Ni, 2006; Varoglu et al., 2007), a Canadian invention 

that was conceptualized by researchers at FPInnovations and the University of British Columbia, 

is a high-performing wall system suitable particularly for seismically active areas as demonstrated 

by a 6-storey earthquake simulation test in Japan (Pei, Lindt, Ni, & Pryor, 2010). To date, this 

system has been implemented in Canada and Japan. Figure 3 shows Midply shear walls 

constructed in a 5-storey elderly care facility in Japan. Efforts to implement midply wall system 

are underway in the US and South Korea.  

 

Figure 3. A 5-storey elderly care facility in Adachi Ward of Tokyo (Courtesy of Canada Wood) 
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The same concept that gives the original Midply the advantage against earthquake loads can be 

applied to MT structures. A multi-year research project was initiated at FPInnovaitons to develop 

MT Midply shear wall systems to achieve greater structural capacities, fire, and acoustical 

performance for mass timber structures. In the first year of this project, literature reviews were 

conducted to identify the code requirements on MT components and to survey the available LLRSs 

that used in the MT structures around the world. Based on the literature review, conceptual MT 

Midply wall systems meeting structural, fire, and acoustical performance were proposed. The 

practicability of the proposed options of MT Midply systems were initially evaluated by an 

advisory group consisting of practicing engineers. In the next fiscal year, the proposed MT Midply 

systems will be optimised further according to the comments and suggestions from the advisory 

group. Analytical evaluation of the proposed MT Midply wall systems along with necessary tests 

will be conducted. Based on the evaluation, a go / no-go decision will be made as to whether the 

study should be continued for the proposed MT Midply shear wall systems. 

 

2 OBJECTIVES 
The main objective of this multi-year project is to develop a MT version of Midply shear wall 

systems for MT structures to both maintain and expand the market. In the first year of the project, 

the following research activities are planned:   

• Identify the code requirements on MT components in the latest NBC and relevant 

standards. 

• Survey the available LLRSs that used in the MT structures around the world. 

• Propose conceptual MT Midply shear wall systems meeting structural, fire, and acoustical 

performance. 

• Evaluate the practicability of the proposed options of MT Midply shear wall systems. 

In the next step, the proposed MT Midply systems will be further optimised and assessed by 

conducting analytical investigation in combination with necessary tests. Based on the evaluation, 

a go / no-go decision will be made as to whether the study should be continued for the proposed 

MT Midply shear wall systems. 

 

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

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

Erol Karacabeyli, M.A.Sc., P.Eng.                             Lead Scientist, Building Systems 

Dorian Tung, Ph.D., P.Eng.                                        Manager, Building Systems 
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Christian Dagenais, Ph.D., P.Eng.                             Lead Scientist, Building Systems 

Hu Lin, Ph.D.                                                                Senior Scientist, Building Systems 

Samuel Cuerrier-Auclair, M.A.Sc., P.Eng.               Scientist, Building Systems 

 

4 CODE REQUIREMENTS ON MASS TIMBER 

COMPONETS 
MT Midply shear walls are being developed to be used in either “combustible construction” or 

“encapsulated mass timber construction” (EMTC), per the NBC of Canada. 

Combustible construction 

In a building allowed to be of combustible construction (i.e., wood-frame construction), MT 

Midply could be used as either a gravity or a lateral load resisting system, or both, with no 

restriction due to minimum member size requirements. For residential buildings (Group C), this 

type of construction is allowed up to 6-storeys and a maximum floor area of 1500 m², using walls 

and floors of 1-hr fire-resistance rating. For office buildings (Group D), it is allowed up to 6-storeys 

and 3000 m², using walls and floors of 1-hr fire-resistance rating. For both major occupancy 

groups, the building height is limited to 18 m, when measured between the floor of the 1st storey 

and the uppermost floor level.  

Encapsulated Mass Timber Construction 

In a building allowed to be of EMTC, per the upcoming 2020 NBC, MT Midply could be used as 

either a gravity or a lateral system, or both. For residential buildings (Group C), EMTC will be 

allowed up to 12-storeys and a maximum floor area of 6000 m², using walls and floors of 2-hrs 

fire-resistance rating. For office buildings (Group D), it is allowed up to 12-storeys and 7200 m², 

using walls and floors of 2-hrs fire-resistance rating. For both major occupancy groups, the 

building is limited to 42 m in height, when measured between the floor of the 1st storey and the 

uppermost floor level. Given the inherent fire performance of EMTC, larger building areas are 

allowed when compared to those of wood-frame (combustible construction) of the same building 

height. Wood-frame elements are not allowed in EMTC, with specific allowances for using wood-

frame partitions. 

MT components in EMTC will be required to be encapsulated for at least 50 min using a minimum 

of 2 layers of 13 mm Type X gypsum board directly attached to the MT components, or other 

materials demonstrating the required encapsulation rating when tested per CAN/ULC S146 (ULC, 

2019). 

Walls required to provide a fire-resistance rating are to be at least 96 mm for 1-side fire exposure 

such as an exterior wall or a fire separation between suites, or 192 mm in thickness for 2-sides 

fire exposure such as interior walls within a suite not acting as a fire separation. These size 

limitations are based on a 40 mm thermal penetration depth, the fastest charring rate given in 
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CSA O86 (CSA, 2019) (0.80 mm/min, applicable to CLT prior to the 2018 edition of ANSI/APA PRG 

320 (ANSI/APA, 2019)) and the remaining time after removing the 50 min encapsulation (e.g., for 

1-side exposure/exterior wall: (120-50) x 0.80 + 40 = 96 mm). It should be mentioned that the 

Annex B of CSA O86 presumes a thermal penetration depth of 35 mm and a one-dimensional 

charring rate of 0.65 mm/min, which would result in a minimum thickness of 81 mm (162 mm for 

interior walls or 2-side exposure). 

It is noted that fire-resistance is applicable for building components supporting gravity loads or 

acting as fire-resistance rated separations (load-bearing walls and partitions). Separations are to 

provide only the separating function of fire-resistance (i.e., integrity and insulation criteria). 

Unless LLRSs are expected or specifically designed to provide stability to the gravity loads 

supporting system, they are exempt from providing fire-resistance and therefore exempt for 

needing to meet the minimum dimensions. 

Mass Timber in 2021 International Building Code 

In its 2021 edition, the International Building Code (ICC, 2021) (model code in the US) included 3 

new types of construction (Types IV-A, IV-B and IV-C) to allow taller mass timber buildings. 

Type IV-C allows up to 9-storeys with a maximum height of 26 m (85-ft) and floor area of 4,180 

m² (45,000 SF). Exterior walls, structural frame and floor protection are required to provide at 

least 2-hrs fire-resistance rating, while the roof protection requires at least 1-hr. Interior mass 

timber elements are allowed to be left fully exposed from the interior (i.e., no encapsulation 

needed). 

Type IV-B allows up to 12-storeys with a maximum height of 55 m (180-ft) and floor area of 5,016 

m² (54,000 SF). Exterior walls, structural frame and floor protection are required to provide at 

least 2-hrs fire-resistance rating, while the roof protection requires at least 1-hr. However, mass 

timber elements in Type IV-B need to be protected by at least 2/3 of the required fire-resistance 

(i.e., 80 min for walls and floors) using noncombustible materials, with a limited amount of 

exposed surfaces. 

Type IV-A allows up to 18-storeys with a maximum height of 82 m (270-ft) and floor area of 5,016 

m² (54,000 SF). Exterior walls and structural frame are required to provide at least 3-hrs fire-

resistance rating, floor protection is at least 2-hrs, while the roof protection requires 1½-hr. In 

Type IV-A, mass timber elements are to be protected by at least 2/3 of the required fire-resistance 

(i.e., 120 min) using noncombustible materials, with no exposed surfaces. 

Minimum dimensions of elements in Types IV-A, IV-B and IV-C are kept the same as those already 

required for Type IV (Heavy Timber) construction, as shown in Table 2304.11 of the IBC. As 

examples, glulam beams and columns are to be at least 6¾” x 8¼”. Exterior and interior walls are 

to be at least 4-in thick (102 mm). 

Fire requirements in 2020 NBC of Canada 

1. Only load-bearing elements supporting gravity loads are required to provide fire-resistance. 

Lateral load resisting system (LLRS) are usually not required to provide fire-resistance (per 

Part 4 Commentary A-25), unless they are intended to provide stability to the gravity loads 

supporting system. 
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2. For buildings no greater than 6 storeys and allowed to be of combustible construction (e.g., 

wood-frame construction per 3.2.2.50 of Division B but build using mass timber), at least 1-

h fire-resistance rating is required. 

3. For buildings allowed to be of encapsulated mass timber construction, as defined in 3.1.18 

of Division B of the 2020 NBCC, at least 2-hrs fire-resistance rating is required. In addition, 

beams, columns and walls are required to meet the minimum dimensions shown in Table 

3.1.18.3. Wall thickness requirement is applicable only if it is required to be a fire separation 

having a fire-resistance rating. 

4. Each suite in other than business and personal services occupancies (Occupancy groups D 

and E) shall be separated from adjoining suites by a fire separation having a fire-resistance 

rating not less than 1 h. See 3.3.1.1 of Division B for further requirements. 

Acoustic requirements in 2020 NBC of Canada 

1. A dwelling unit shall be separated from every other space in a building in which noise may be 

generated, by construction providing an ASTC rating of not less than 47 for the airborne sound 

insulation of walls and floors for dwelling units. 

2. Construction separating a dwelling unit from an elevator hoist way or a refuse chute shall 

have an STC rating of no less than 55. 

 

5 REVIEW OF LLRSS FOR MT BUILDINGS 
A literature review was conducted to survey the available LLRSs used in 45 high rise MT buildings 

that have been built or designed (CTBUH, 2017; ThinkWood, 2019). A summary of the gravity load 

resisting systems (GLRSs) and lateral load resisting systems (LLRSs) is given in Tables 2 and 3, while 

the GLRSs and LLRSs for each building are listed in Table 6 of Appendix A. Some of the key findings 

are listed below: 

• Roughly half of the buildings were designed with pure timber structures (26 in total), 

while the other half with hybrid timber structures (19 in total).  

• Timber structural systems that have been used as LLRS only or as both GLRS and LLRS 

include platform CLT, balloon CLT, moment resisting frames, braced timber frames, post-

tensioned (PT) CLT walls, and prefabricated CLT modules. 

• Concrete cores and podium, steel braced frames, steel moment resisting frames, and 

steel trusses have been used as LLRS only or as both GLRS and LLRS in hybrid timber 

structures.  

• Platform CLT structural systems are the most commonly used as both GLRS and LLRS, and 

have been used in 15 pure timber structures and 7 hybrid timber structures; 

• Timber post-beam frames with mass timber floors have been commonly used as GLRS 

with other LLRSs in pure timber structures (5 in total) and hybrid timber structures (5 in 

total).  

• Prefabricated walls and modules have been used in 2 pure timber structures and 1 hybrid 

one. 
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Table 2 Summary of pure timber structures 

No. GLRS LLRS Cases # in Table 6 

1 Platform CLT 
2, 6, 10, 12, 13, 14, 15, 
18, 22, 23, 25, 26, 29, 

32, 40 

2 Balloon CLT 12, 28 

3 Moment resisting frames with braces & hollow floors 8 

4 

Post-beam frames & mass 
timber floors 

Braced timber frames 31, 45 

5 Balloon CLT 11 

6 
Braced timber frames, 

balloon CLT cores 
37 

7 
Post-tensioned CLT walls & 

balloon CLT cores 
43 

8 CLT walls, floors & timber braced system 44 

9 Prefabricated CLT modules 17 

10 
Prefabricated light wood 

frame modules 
Braced timber frames 20 

 

Table 3 Summary of hybrid timber structures 

No. GLRS LLRS Cases # in Table 6 

1 Platform CLT & concrete podium 3, 9 

2 Platform CLT & concrete cores and podium 7, 38 

3 Platform CLT & steel beams 35 

4 Platform CLT & steel moment resisting frames 18 

5 Platform CLT, steel moment resisting frames & concrete core 16 

6 Balloon CLT & steel trusses 39 

7 Post-tensioned CLT walls & concrete podium 36 

8 
Timber moment-resisting frames with timber-concrete 

composite floors 
5 

9 Timber moment resisting frames & concrete podium 33 

10 

Timber post-beam frames & 
mass timber floors 

Concrete cores and podium 27 

11 Concrete-steel cores  42 

12 Steel braced frames 30 

13 
Timber frames with steel 

braces 
34 

14 
Timber frames with steel 
braces & concrete core 

24 

15 
Timber post-beam frames, CLT 

walls & mass timber floors 

CLT walls & concrete cores 41 

16 
CLT walls & steel diagonal 

braces 
1 

17 Panelised CLT walls Concrete core 4 
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6 PROPOSED MT MIDPLY SHEAR WALLS 

6.1 Midply Concept 

Midply shear wall, which was originally developed in the 1990s by researchers at Forintek Canada 

Corp. (predecessor of FPInnovations) and the University of British Columbia (Varoglu et al., 2006; 

Varoglu et al., 2007), is a high-capacity LLRS that is suitable for high wind and seismic loadings. It 

consists of structural components used in standard shear walls but re-arranged in such a way that 

the lateral resistance and the dissipated energy of the system significantly exceed those in 

standard wall arrangements. Its superior seismic performance was demonstrated in a full-scale 

earthquake simulation test of a 6-storey wood-frame building in Japan (Pei et al., 2010).  Figure 

4a illustrates a cross-section of a standard and a Midply shear wall that use the same size of 

dimension lumber. As the nailed connections to the sheathing work in double shear (Figure 4b), 

Midply shear wall provides approximately twice the lateral resistance than a standard single-sided 

wood shear wall with the same nailing schedule and wall length (Varoglu et al., 2006; Varoglu et 

al., 2007).  

 
                                                    (a)                                                                                     (b) 

Figure 4. A standard shear wall (top) and a Midply (bottom): (a) Cross-section; and (b) Nailed connection 
working mechanism 

 

Based on the concept that gives the midply the advantage against earthquake loads, conceptual 

MT midply shear walls have been proposed: 

• Option 1 – MT Midply walls to resist both lateral and gravity load 

• Option 2 – MT Midply walls to resist only lateral load (used as infill in post-and-beam 

frames) 

• Option 3 – MT Midply walls to resist only lateral load (used as infill in post-tensioned post-

and-beam frames) 
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6.2 Option I 

The proposed MT midply walls to resist both lateral and gravity load is illustrated in Figure 5. The 

MT midply shear walls consist of three layers of panels, which can be CLT, LVL, LSL, PSL, thick OSB, 

MPP, or steel panels. The interior and exterior panels can be different materials with different 

thickness. The exterior layers can be either panels that are close to each other (as shown in Figure 

5) or strips that only cover the gaps of interior panels. For the proposed midply shear walls, the 

interior panels will be first connected to the floor above and the floor or foundation below. The 

exterior panels will be then connected to the interior panels using dowel fasteners. Figures 6 and 

7 show some of the potential solutions for the connections and slender dowels for connecting 

exterior and interior panels. To prevent wood members from failure around the connection, 

reinforcement may be required, as illustrated in Figure 8. Figure 9 shows tie-down systems that 

can be used to hold the interior panels to the foundation. 
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Figure 5. Option I of MT Midply walls 
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(a)  

(b)    (c)  

Figure 6. Simpson connectors (a); ABR105 – CLT panel connection (b); and AE116 – CLT to concrete (c) 
(Courtesy of SIMPSON Strong-Tie) 

 

    

Figure 7. Common dowels (Schreyer, Lam, & Prion, 2004) (a) from left to right: dowel with drill tip, bolts, 
and plain-shank dowel; and AE116 – CLT to concrete (b) (Courtesy of MTC Solutions) 
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Figure 8. Self-tapping screws in Glulam beams (Courtesy of rothoblaas) 

 

 

Figure 9. Tie-down system (Courtesy of SIMPSON Strong-Tie) 
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The gravity loads are resisted by the interior panels to the foundation, while the lateral loads are 

resisted by the fasteners connecting the exterior and interior panels. The overturning moment is 

resisted by tie-downs. Replaceable energy dissipators can be used at tie-downs to enhance 

resilience.  

 

6.3 Option II 

MT midply shear walls to resist only lateral load (used as infill in post-and-beam frames) is 

illustrated in Figure 10. The interior panels are connected to the beam above and the beam or 

foundation below. Figure 6 shows some of the potential solutions for the connections to the 

beams and foundation. No connections are used between the interior panels and the columns. In 

this option, the gravity loads are resisted by the post-and-beam frames to the foundation, while 

the lateral loads are transferred by the MT midply shear walls. Under lateral loads, the interior 

panels sway along with the columns and beams (Figure 11), while the exterior panels resist the 

sway of the interior panels through the double-shear dowel connections. The columns resist the 

uplift force.  
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Figure 10. Option II of MT Midply walls 
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Figure 11. Schematic diagram of structural mechanism for a MT Midply wall infilling in a post-and-beam 
frame (Modified from Tasligedik (2014)) 

 

6.4 Option III 

MT midply shear walls to resist only lateral load (used as infill in Post-Tensioned post-and-beam 

frames) is illustrated in Figure 12. Option III is exactly the same as Option II, except post-tensioned 

rods are used in the columns. The PT rods provide recentering capacity (Figure 13a) to the whole 

system. The post-tensioned post-and-beam frame behaves in a multi-linear elastic way and the 

infilled MT midply wall behaves in an elastoplastic way, thus Option III will possess a flag-shape 

hysteretic behaviour, as illustrated in Figure 13.  
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Figure 12. Option III of MT Midply Walls 
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Figure 13. Qualitative moment-rotation behaviour of post-tensioned rocking connections (Sarti, Palermo, 
& Pampanin, 2015): (a) re-centering and dissipative contributions to form a flag-shape; and (b) influence 

of re-centering ratio 

 

7 PRACTICABILITY 
An advisory group meeting was held on February 11, 2021 via WebEx to discuss the practicability 

of the three proposed conceptual MT Midply options presented in Section 6. The advisory group 

consists of the following practicing engineers.  

• Bernhard Gafner (Aspect Structural Engineers) 

• David Moses (Moses Structural Engineers) 

• Louis‐Phillipe Poirier (Nordic Structures) 

• Robert Jackson (Fast & Epp) 

Below is a summary of the key points received at the advisory group meeting: 

• Proposed system: Questions were made on whether the proposed system is limited to 

platform type construction. For tall wood buildings, balloon construction is preferred. For 

all three options, practical pin connections and hold-downs used for the proposed system 

need to be developed.  

• Constructability on-site or off-site: In both cases, self drilling dowel will probably be 

necessary to facilitate the installation of components.  

• Pros of the proposed system: The proposed wall systems may have higher lateral load 

capacity, stiffness, and energy dissipation than a generic CLT shear wall system with single 

shear plane. Many wood material options are available (e.g., OSB outer layer and MPP 

inner layer), which allow to develop desirable failure mode and reduce the cost. 

• Cons of the proposed system: There are too many pieces to be connected compared to a 

generic CLT shear wall system. This could result in high labour cost.  

• Resiliency: How to replace the damaged components after major earthquakes was 

discussed. One option is to leave the yielded dowels in and insert new ones to restore 

capacity. This requires structure to return to its original position after the earthquake. 

This can be achieved by the post-tensioning option. However, there are trade availability 

and design expertise issues with post-tensioning systems. The other option is to replace 

outer layers by forcing failure on outer layers. However, embedment failure of outer 

layers normally results in limited energy dissipation and may result in a lower Rd factor. 
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Other systems such as BRB, U shape fuses and Tektonus type solutions may be more 

economical. 

• Catalogue of Pre-Qualified Assemblies: It was suggested that some catalogues be 

developed so that new system can be easily assigned with proper RdRo for seism design. 

(CCMC is developing a protocol for RdRo).  

• Cost Competitiveness with respect to other systems:  It was recommended that once 

there is agreement on technical feasibility, comparison in terms of performance and cost 

should be performed with an existing mass timber project, with the lateral load system 

replaced with the proposed MT Midply. 

 

8 FIRE PERFORMANCE 
In Option I, the mass timber columns and mass timber mid-ply shear walls are supporting the 

gravity loads and, if used in a building allowed to be of EMTC, would therefore need to provide 

the required 2-hrs of fire-resistance, would need to meet the minimum dimensions of the 2020 

NBCC, and would need to be encapsulated for at least 50 min. If the mass timber mid-ply is also 

used as a fire separation between residential suites, a fire-resistance rating of at least 1-hr is 

required (which would essentially be provided given it needs to provide 2-hrs already due to the 

supporting gravity loads).  

In Options II and III, the gravity loads are supported by the beams and columns and the mass 

timber mid-ply is only used for lateral loads. If these Options are used in a building allowed to be 

of EMTC, only the structural system supporting the gravity loads (i.e., beams and columns) would 

require providing 2-hrs of fire-resistance, meeting the minimum dimensions in the 2020 NBCC 

and be encapsulated for at least 50 min. Similarly to Option I, if the mass timber mid-ply is also 

used as a fire separation between residential suites, a fire-resistance rating of at least 1-hr is 

required. While note explicitly stated in the 2020 NBCC, this would translate to a minimum size of 

48 mm (1-side exposure) or 96 mm (2-sides exposure). 

For any option to be used in a building allowed to be of combustible construction, the 

requirements for 2-hrs of fire-resistance reduces to 1-hr and they do not need to meet the 

encapsulation and minimum size requirements. Surface flame spread rating requirements may 

however require that beams, columns and mid-ply panels be protected by other materials such 

as gypsum board. 

 

9 ACOUSTIC PERFORMANCE 
Although the proposed options of MT mid-ply walls have not been tested for their acoustics 

performance, it is possible to use the existing databases of the measured STC and ASTC of CLT and 

other mass timber (Hu, 2019) walls to estimate the acoustics performance of the proposed 

options of the MT mid-ply walls and to recommend solutions meeting the NBC 47 ASTC 

requirement. 
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Table 4 provides the estimated STC and ASTC of the proposed options of the MT mid-ply walls 

using the measured STC of a 175-mm thick bare CLT wall (NRC, 2014)and ASTC of the CLT wall (Hu, 

2014) as benchmark.  It shows that the proposed options for the bare MT mid-ply wall are most 

likely not meet the ASTC 47 requirement of NBC. 

Table 4 Estimated acoustic performance of the proposed options of MT mid-ply walls 

Option 
Estimated STC and ASTC of the 

proposed MT mid-ply wall 
Benchmark for the estimated MT mid-ply 

wall acoustics performance 

I to III STC < 50, ASTC< 47 
For a 175-mm thick CLT wall, the STC and 

ASTC is 38 and 33, respectively.  

 

To meet the NBC ASTC 47 requirement, the NRC’s solution was to add 2 layers of 12.7-mm Type 

X gypsum board on one side of the 175-mm CLT wall through 38-mm wood furring at 600-mm o.c. 

to increase the STC from 38 to 50 (NRC 2014).  The NRC solution will most likely allow the proposed 

MT mid-ply walls to have STC above 50. 

Another workable solution was based on FPI’s field test on CLT buildings. FPI measured on the 

field the ASTC of 184-mm thick CLT wall with 16-mm Type X gypsum board on both sides through 

resilient channels at 600-mm o.c. (Hu 2014). The measured ASTC of the wall was 46, which meets 

ASTC requirement because the one point difference (46 versus 47) is regarded as no difference.  

Solutions for higher acoustic performance (ASTC > 47) for CLT walls can also be found in NRC and 

FPI’s reports, e.g. Hu (2014 and 2019).  

 

10 NEXT STEP 
In the next fiscal year, the proposed MT midply shear wall systems will be studied and modified 

according to the comments and suggestions from the advisory group. The primary focus is to 

identify a practical energy dissipation mechanism that complies with the concept of earthquake 

resilience. Connection testing will be conducted to explore the mechanism. Calibrated connection 

model will be developed to perform the numerical evaluation of the proposed MT midply shear 

wall system that has adequate fire and acoustic performance. Based on the evaluation, a go / no-

go decision will be made as to whether the study should be continued.  
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APPENDIX I 
The structural systems used in 46 high-rise mass timber buildings that have been built or designed 

are summarised in Table 5.  

Table 5 Structural systems used in high-rise mass timber buildings 

Case Building Structural System 

1 

 
E3 BERLIN 
Berlin, Germany 
7 storeys | 2008 

 
 

 

 
Platform CLT walls & steel diagonal braces 

 

 
CLT walls & DLT floors 
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2 

 
STADTHAUS 
London, United Kingdom 
8 storeys | 2009 

 
 

 
 

 

 
Platform CLT (CLT walls and floors) 

 
 

3 

 
 
 
LIMNOLOGEN 
Vaxjo, Sweden 
8 storeys | 2009 

 
 
 
 
 

 
 

 
Platform CLT & concrete podium 
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4 

 
HOLZ8 (H8) 
Bad Aibling, Germany 
8 storeys | 2011 

 
 

 
 

 

 
 

 
Panelised CLT & concrete core 

 
 

5 

 
LIFE CYCLE TOWER (LCT) ONE 
Dornbirn, Austria 
8 storeys | 2012 

 
 
 

 
 
 
 

 
Timber-concrete composite floors & 

moment-resisting frames 
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6 

 
Forté Living 
Melbourne, Australia 
10 storeys | 2013 

 
 

 

 
 
 
 
 

 
Platform CLT 

 

7 

 
WAGRAMERSTRASSE 
Vienna, Austria 
7 storeys | 2013 

 
 

 

 

 
Platform CLT & concrete cores & podium 
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8 

 
TAMEDIA 
Zurich, Switzerland 
7 storeys | 2013 

 
 

 
 
 
 

 

 

 
Moment resisting frames & braces  

9 

 
MAISON DE I’INDE 
Paris, France 
7 storeys | 2013 

 
 
 

 
Platform CLT & concrete podium 
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10 

 
CENNI DI CAMBIAMENTO 
Milan, Italy 
9 storeys | 2013 

 
 
 

 

 

 
Platform CLT 

 
 

11 

 
WOOD INNOVATION & DESIGN CENTRE 
Prince George, Canada 
7 storeys | 2014 

 
 
 
 
 
 

 

 

 
Balloon CLT and post-beam frames 
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12 

 
KINGSGATE HOUSE 
London, United Kingdom 
7 storeys | 2014 

 
 
 
 
 

 

 

 
Platform CLT 

 
 
 

 

13 

 
STRAND PARKEN 
Stockholm, Sweden 
8 storeys | 2014 

 
 
 
 
 

 

 
Platform CLT 
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14 

 
ST. DIE-DES-VOSGES 
St. Die des Vosges, France 
8 storeys | 2014 

 
 
 
 
 
 
 

 

 

 
Platform CLT walls & timber-concrete 

composite floors 
 
 
 
 
 

15 

 
BRIDPORT HOUSE 
London, United Kingdom 
8 storeys | 2014 

 
 
 
 
 
 
 

 

 

 
Platform CLT 
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16 

 
CUBE 
London, United Kingdom 
10 storeys | 2015 

 
 
 

 
 
 

 

 
Platform CLT, steel moment resisting frames 

& concrete cores 
 
 
 

17 

 
PUUKUOKKA 
Jyväskylä, Finland 
8 storeys | 2015 

 
 

 

 
Prefabricated CLT modules 
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18 

 
CURTAIN PLACE 
London, United Kingdom 
6 storeys | 2015 

 
 
 

 

 
 

 
Platform CLT & steel moment resisting 

frames 
 

19 

 
TRAFALGAR PLACE 
London, United Kingdom 
10 storeys | 2015 

 
 

 

 
Platform CLT 
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20 

 
TREET 
Bergen, Norway 
14 storeys | 2015 

 
 
 
 

 

 

 
Braced timber frames 

It stacks light wood frame modules on every 
4th floor, which is a concrete slab 

 

21 

 
ARBORA 
Montreal, Canada 
8 storeys | 2016 

 
 
 

 

 

 
Balloon CLT 
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22 

 
UEA (University East Anglia) Blackdale 
Student Residence 
Norwich, United Kingdom 
7 storeys | 2016 

 
 
 
 
 
 
 
 

 

 

 
Platform CLT 

 
 
 
 
 
 
 

23 

 
HOTEL NAUTILUS PESARO 
Pesaro, Italy 
7 storeys | 2016 

 
 
 
 
 
 
 
 

 

 

 
Platform CLT 
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24 

 
T3 
Minneapolis, United States 
7 storeys | 2016 

 
 

 

 
 

 
Timber post-beam frames, concrete core & 

steel diagonal braces 
 

25 

 
MOHOLT 50/50 
Trondheim, Norway 
9 storeys | 2016 

 
 

 

 

 
Platform CLT 
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26 

 
DALSTON LANE 
London, United Kingdom 
10 storeys | 2017 

 
 
 

 

 

 
Platform CLT 

 
 

27 

 
BROCK COMMONS TALLWOOD HOUSE 
Vancouver, Canada 
18 storeys | 2017 

 
 
 
 

 

 

 
Timber columns and floors & concrete cores 

and podium 
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28 

 
ORIGINE CONDOS 
Quebec City, Canada 
13 storeys | 2017 

 
 

 

 
Balloon CLT 

 
 
 

 

29 

 
SANCTUARY 
Yoker, United Kingdom 
7 storeys | 2017 

 
 
 
 
 

 

 
Platform CLT 
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30 

 
CARBON 12 
Portland, United States 
8 storeys | 2018 

 
 
 

 

 

 

 
Timber post-beam frames, CLT floors & steel 

braced frames 
 

31 

 
25 KING 
Brisbane, Australia 
10 storeys | 2018 

 
 

 

 

 
Braced timber frame and post-beam frame 
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32 

 
ÎLOT BOIS ET BIOSOURCÉ 
Island of Strasbourg, France 
11 storeys | 2018 

 
 
 
 

 

 

 
Platform CLT 

 

33 

 
SUURSTOFFI 22 
Risch-Rotkreuz, Switzerland 
10 storeys | 2018 

 
 
 
 
 
 

 

 

 

 
Timber moment resisting frames, timber-

concrete composite floors, & concrete 
podium 
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34 

 
T3 WEST MIDTOWN 
Atlanta, United States 
7 storeys | 2018 

 
 
 
 
 

 

 

 
Timber post-beam frames & steel diagonal 

braces 
 
 
 

35 

 
Heilbronn, Germany 
8 storeys | 2019 

 
 

 

 
 

 
Platform CLT & steel beams 
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36 

 
LIGHTHOUSE JOENSUU 
Joensuu, Finland 
14 storeys | 2019 

 
 

 

 
post-tensioned CLT walls, LVL floors & 

concrete podium 
 

37 

 
Brumunddal, Norway 
18 storeys | 2018 

 
 

 

 
Braced timber frames & balloon CLT cores 

The top seven floorplates are cast concrete 
floors 
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38 

 
HOHO VIENNA 
Vienna, Austria 
24 storeys | 2019 

 
 
 

 

 
Platform CLT, timber-concrete composite 

floors, & concrete cores podium 

39 

 
KULTURHUS SKELLEFTEA 
SKELLEFTEA, Sweden 
16 storeys | 2019 

 
 
 

 

 
Balloon CLT & steel trusses 
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40 

 
JACK LONDON SQUARE PARCEL F2 
Oakland, United States 
8 storeys | 2020 

 
Platform CLT 

 

41 

 
HYPÉRION 
Bordeaux, France 
18 storeys | 2020 

 
Timber post-beam frames, CLT walls and floors & concrete cores 
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42 

 
TERRACE HOUSE 
Vancouver, Canada 
19 storeys | 2020 

 
 
 

 
Timber post-beam frames & concrete-steel 

cores 

43 

 
Framework Portland, Unite States 
12 storeys |  

 
 
 

 

 
Timber post-beam frames, CLT floors, post-

tensioning CLT walls & balloon CLT cores 
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44 

 
RIVER BEECH TOWER, Chicago, United 
States 
80 storeys |  

 
 
 

CLT walls, NLT slabs & Glulam braced system 
 

45 

 
BARENTSHUS 
Kirkenes, Norway 
20 storeys |  

 
 

 

 
Timber post-beam frames, CLT floors & 

braced timber frames 
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