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ABSTRACT

Cross-laminated timber (CLT), a relatively new building system of interest in the North American construction 
sector, is helping to define a new class of massive timber products. CLT is a promising wood-based structural 
component and has great potential to provide cost-effective building solutions for residential, commercial, and 
institutional buildings as well as large industrial facilities. Acceptance of CLT construction into the Canadian 
regulatory environment necessitates compliance with the fire-related provisions of the National Building Code  
of Canada (NBCC), among other regulations.

Extensive fire testing has demonstrated the ability of CLT to provide reliable fire-resistance ratings up to 3 hours 
when tested under full loading conditions in accordance with CAN/ULC S101. Additional information is also 
provided on related fire safety properties, including flame spread rating and fire stopping.

CLT elements are used in building systems in a similar manner to concrete slabs and solid wall elements as well 
as those from heavy timber construction by limiting concealed spaces due to the use of massive timber elements, 
thereby reducing the risk of concealed space fires. Moreover, CLT construction typically uses CLT panels for floor 
and load-bearing walls, which allow inherent fire-rated compartmentalization, therefore again reducing the risk  
of fire spread beyond its point of origin (compartment of origin).

A methodology is proposed herein for determining the fire resistance of CLT elements. This method, as a 
deterministic calculation model based on limit states design, calculates the capacity of CLT elements exposed 
to standard fire exposure (i.e., CAN/ULC S101), using basic wood engineering mechanics for fire-resistance 
calculations of up to 3 hours, limited only by currently available test data. The method uses a linear stepped 
charring rate adjustment, a fixed zero-strength layer of 7 mm, a resistance factor set to unity, a short-term duration 
of load factor and member-specified strength properties adjusted to their average strength values to predict 
average fire-resistance times for CLT wall and floor assemblies that closely track actual fire-resistance times for 
tested assemblies. While further refinements of this method are possible, these comparisons suggest that the 
methodology conservatively predicts the fire resistance of CLT assemblies.



CHAPTER 8  Fire 
  ivREVISED: JULY 2014

TABLE  
OF CONTENTS 

Acknowledgements   ii

Abstract   iii

List of Figures   vi

List of Tables   vi

1 Introduction   1

2 Background   2

3 Fire Safety in Buildings   4

  3.1 Objectives   5

  3.2 Fire Performance Attributes of CLT   5

  3.3 CLT and Fire Provisions of Building Codes   6

4 Types of Construction and Occupancy Classification   7

  4.1 Building Size Relative to Occupancy   7

  4.2 Use of CLT in Combustible Construction   9

  4.3 Use of CLT in Heavy Timber Construction   9

  4.4 Use of CLT in Non-Combustible Construction   10

5 Fire Resistance of CLT   11

  5.1 Test Method – CAN/ULC S101   12

  5.2 Mechanics-Based Design Method   14

  5.3 Application of Mechanics-Based Methodology to CLT   15

   5.3.1  Charring Rate and Char Depth   15

   5.3.2 Approximation of Member Strength and Capacity   18



CHAPTER 8  Fire 
  vREVISED: JULY 2014

  5.4 Fire Resistance of CLT Assemblies – Structural Requirement   19

   5.4.1  Structural Fire Resistance   19

   5.4.2 Use of Protective Membranes to Increase Structural Fire Resistance   26

  5.5 Fire Resistance of CLT Assemblies – Integrity Requirement   27

   5.5.1  Effect of Joints on Integrity of CLT Walls and Floors   28

   5.5.2 Use of Protective Membranes, Floor Coverings and Interior Finish to Address Integrity   28

  5.6 Fire Resistance of CLT Assemblies – Insulation Requirement   29

   5.6.1  Theoretical Temperature Profiles for CLT Assemblies   29

   5.6.2 Experimental Temperature Profile Data for CLT Assemblies   30

  5.7 Comparison Between Calculation Method and Experiments   32

  5.8 Composite CLT/Concrete Structure   35

  5.9 Floor Design Example   36

   5.9.1  Calculation of the Load-Bearing Function After 1 Hour of Standard Fire Exposure   36

   5.9.2 Calculation of the Separating Function After 1 Hour of Standard Fire Exposure   38

  5.10 Wall Design Example   38

   5.10.1 Calculation of the Load-Bearing Function After 2 Hours of Standard Fire Exposure   38

   5.10.2 Calculation of the Separating Function After 2 Hours of Standard Fire Exposure   42

6 Connections   43

7 Interior Finish   45

  7.1 Test Method – CAN/ULC S102   45

  7.2 Flame Spread Rating of CLT   46

  7.3 Fire-Retardant Treatment and CLT   47

  7.4 Use of Other Membrane Products to Address Interior Finish Requirements   48

  7.5 Automatic Fire Sprinklers   48

8 Service Penetrations and Construction Joints   49

  8.1 Fire-Stopping Building Elements and Assemblies   49

  8.2 Fire Stop Systems in CLT Construction   49

9 Nomenclature   51

10 References   54



CHAPTER 8  Fire 
  viREVISED: JULY 2014

 List of Figures

Figure 1  NFPA Fire Concepts Tree adapted to the Canadian regulatory environment   4

Figure 2  Real-scale CLT fire tests   6

Figure 3  Fire-resistance criteria per CAN/ULC S101   12

Figure 4  CLT fire-resistance wall tests conducted at NRCC in Ottawa, ON   12

Figure 5  CLT fire-resistance floor tests conducted at NRCC in Ottawa, ON   13

Figure 6  Standard time-temperature curve from CAN/ULC S101   13

Figure 7  Char depth measurements of CLT wall specimens from different laminate thicknesses   16

Figure 8  Nomenclature used in calculating fire resistance of CLT exposed to fire from below   19

Figure 9  CLT wall assembly subjected to combined bending and axial compression   26

Figure 10  CLT panel-to-panel half-lapped joint detail   28

Figure 11  Experimental temperature profiles from [12] and Equation 20   31

Figure 12 Comparison between experiments [9, 13, 14] and the calculation method   34

Figure 13  Comparison between the revised Canadian method and the U.S. method   34

Figure 14  Examples of a composite CLT/concrete floor structure   35

Figure 15  Examples of connections seen in CLT platform construction (do not require protection)   44

Figure 16  Examples of connections seen in CLT balloon construction (may require protection)   44

Figure 17  Concealed metal plates   44

Figure 18  CLT flame spread tests conducted at Intertek in Coquitlam, BC   46

Figure 19  CLT specimen (fully exposed) in a CAN/ULC S102 test   46

Figure 20  Examples of through and partial penetration in CLT assemblies   50

Figure 21  Examples of fire stop systems evaluated for CLT joint assemblies   50

 List of Tables

Table 1  Examples of building sizes relative to occupancy group as per Division B of the NBCC   8

Table 2  Effective char depth for CLT design in Canada   17

Table 3  Strength adjustment factors (Kfi) for CLT fire-resistance design   18

Table 4  Applicable adjustment factors for CLT fire-resistance design   18

Table 5  Maximum temperature rises at unexposed surface [12]   31

Table 6  CLT assemblies configuration details [12, 17]   32

Table 7  Comparison between experiments [12, 16, 17] and calculation method   33

Table 8  Flame spread test results for 3-ply CLT specimens [65, 66]   47

      



CHAPTER 8  Fire 
  1REVISED: JULY 2014

1  
INTRODUCTION

Cross-laminated timber (CLT), a relatively new building system of interest in the North American construction 
sector, is helping to define a new class of massive timber products. CLT is a promising wood-based structural 
component and has great potential to provide cost-effective building solutions for residential, commercial, and 
institutional buildings as well as large industrial facilities.

Acceptance of CLT construction into the Canadian regulatory environment necessitates compliance with the 
fire-related provisions of the National Building Code of Canada (NBCC) [1, 2], among other regulations. Part 3 
of Division B of the NBCC provides prescriptive fire safety provisions in order to meet these objectives based on a 
building’s major occupancy group, its height and area as well as the presence of automatic fire sprinklers. Examples 
of prescriptive fire safety strategies are limitations on the use of combustible materials for structural and interior 
finishes, fire-resistance ratings of separating and load-bearing elements, limitations on the surface flammability 
characteristics of interior finishes as well as provisions allowing safe means of egress to building occupants. All  
of these attributes are critical and need to be provided by every building design and structural system, whether it 
is of combustible or non-combustible construction. This Chapter addresses some of the common code-mandated 
fire performance requirements.

Classification of a building according to its “type of construction”, as defined in the NBCC, is one of the key 
elements in identifying limitations on the height and allowable floor areas of a building. As CLT is a relatively new 
type of construction material in Canada, the inclusion of prescriptive language in the NBCC with regard to CLT 
construction has just begun.

CLT construction may be classified as a type of “heavy timber construction” as defined in the NBCC by its mass 
timber nature, attaining a degree of fire safety by placing limitations on the size of the structural elements and on 
the thickness and composition of floors and roofs as well as by the avoidance of concealed spaces under floors and 
roofs elements. However, as a new material, specific minimum dimensions are not provided in Article 3.1.4.7 of 
Part 3 of Division B of the NBCC and may need to be established through an alternative solution. This Chapter 
provides the basis for not only establishing the fire resistance of CLT elements, but also demonstrating how other 
fire safety-related attributes can be achieved by using CLT.

CLT is manufactured in a similar manner to glued-laminated timber elements, to bi-national standard  
ANSI/APA PRG 320 “Standard for Performance-Rated Cross-Laminated Timber” [3] that provides requirements 
and test methods for qualification and quality assurance for performance-rated CLT. Although this standard 
is not yet referenced in the NBCC, Canadian CLT manufacturers are already accredited per this standard for 
manufacturing and designing CLT elements in Canada and in the United States [4, 5]. Further discussion on the 
manufacturing process and quality assurance is found in Chapter 2 of this Canadian CLT Handbook.



CHAPTER 8  Fire 
  2REVISED: JULY 2014

2 
BACKGROUND

Massive timber products are generally known to perform well under fire conditions due to a slow rate of charring, 
which generates a thick layer of low-density insulating char and thereby protects the timber below from elevated 
heat effects. Charring is a material-specific property attributed to timber and its understanding is fundamental in 
estimating the reduced thickness of full-strength timber, which designers can use to calculate the residual strength 
of members for a given fire exposure.

Several fire tests have been performed by CLT manufacturers on a proprietary basis. However, there is a range of 
full-scale fire-resistance tests performed with CLT assemblies under various structural loading that is now publicly 
available in the literature. An adapted methodology for CLT assemblies has been developed in Europe and is 
currently being used on a proprietary basis by European CLT manufacturers [6-9]. The European model follows 
the same principles as those prescribed in Eurocode 5: Part 1-2 [10] applicable to timber components and is based 
on an extensive campaign of finite elements numerical simulations and some fire tests. While some guidance  
is provided with respect to the separating function of CLT assemblies, most work is aimed at evaluating their  
load-bearing function, based on a given charring rate. As of 2014, these new methods have yet to be implemented 
in the European regulatory environment.

A first Canadian fire-resistance design method was published in 2011, largely based on the European model 
applicable to timber elements, such as solid wood and glued-laminated timber [11]. Similarly to the European 
model, the Canadian one, as of 2011, only evaluated the load-bearing function of CLT assemblies and was 
developed with the limited data available at that time.

There are various factors that might affect the performance of CLT in fire, including—but not limited to—wood 
species, the type of adhesive used, the thickness of the panel (number of laminates), the thickness of the laminates, 
the type of fire exposure, the panel-to-panel joint configuration, and the protection methods used. In order to 
facilitate the acceptance of proposed code provisions for the design of CLT panels with regard to fire resistance in 
Canada and the U.S., a research project was launched at FPInnovations in close collaboration with the National 
Research Council Canada [12]. The objective of the project was to determine the fire resistance of CLT panels 
through full-scale testing, while developing a mechanics-based calculation procedure for fire resistance of CLT 
assemblies that will foster the design of fire-safe CLT buildings in North America.
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The information collected served as the basis for a complete design procedure recently developed and  
published in the U.S. edition of the CLT Handbook [13]. Chapter 8 of this U.S. CLT Handbook provides a 
mechanics-based calculation method that has been suitably adapted to the current design methodology found 
in Chapter 16 of the National Design Specification (NDS) for Wood Construction applicable to large timber 
elements [14, 15]. The U.S. mechanics-based method, which uses a standard nominal char rate of 0.635 mm/min. 
(1½ in./hr.), a non-linear stepped charring rate adjustment, a zero-strength layer multiplier of 1.2, and a standard 
variability adjustment in the design to ultimate adjustment factors, predicts average fire-resistance times for CLT 
wall and floor assemblies that closely track actual fire-resistance times for tested assemblies.

The results from this test series and additional full-scale fire-resistance tests [16, 17] are used in the validation and 
refinement of the current Canadian fire-resistance calculation procedure. It will namely now address the separating 
function of CLT assemblies, which have already been incorporated in the recently published design methodology 
of the U.S. edition of the CLT Handbook, but will also refine the structural model with respect to the load-
bearing and separating functions of CLT assemblies.
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From its first edition, published in 1941, and until the 1995 edition, the National Building Code of Canada 
(NBCC) has historically been published as a prescriptive code. The requirements set forth within the NBCC 
have traditionally been recognized as deemed-to-satisfy the Code objectives and achieving minimum performance 
levels.

In the NBCC, fire safety provisions are based, in principle, on the NFPA Fire Safety Concepts Tree [18, 19], 
where fire impact management and fire ignition prevention are the two primary concepts (Figure 1). Preventing 
fire ignition may be essentially addressed by following the National Fire Code of Canada (NFCC) [20], while 
managing the impact of a fire is addressed by the many prescriptive provisions set forth in Part 3 of Division B  
of the NBCC, entitled “Fire Protection, Occupant Safety and Accessibility”. 

Figure 1 
NFPA Fire Concepts Tree adapted to the Canadian regulatory environment

3 
FIRE SAFETY  
IN BUILDINGS
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Figure 1 shows that many components need to be considered for fire safety in buildings and all branches are  
inter-related with each other. An “and” connection means that all branches need to be satisfied to meet a specific 
fire safety objective, while an “or” connection means that any branch will achieve the fire safety objective above it. 
For example, using either an automatic or a manual fire suppression system will satisfy the “Suppress fire” objective. 
On the other hand, “Control fire by construction” will be achieved only if the construction is designed in such a way 
that it can control the movement of fire and can provide the required structural stability (which relates to  
the fundamentals of the fire-resistance concept as detailed in Section 5 of this Chapter).

3.1 Objectives
The NBCC sets forth technical provisions for the design and construction of new buildings. It also applies 
to the alteration, change of use and demolition of existing buildings. The intent of the NBCC is to establish 
requirements addressing the following four objectives, which are fully described in Division A of the NBCC:

1. Safety (OS);
2. Health (OH);
3. Accessibility for persons with disabilities (OA); and
4. Fire and structural protection of buildings (OP)

Objectives describe, in very broad and qualitative terms, the overall goals that the NBCC’s requirements are 
intended to achieve. They also describe undesirable situations and their consequences, which the NBCC aims 
to avoid occurring in buildings. The NBCC recognizes it cannot entirely avoid any undesirable event from 
happening or eliminate all risks. Therefore, its objectives are to “limit the probability” of “unacceptable risk”.  
It is therefore assumed, within the NBCC, that an undesirable situation may occur and means shall be provided  
to limit its consequences.

3.2 Fire Performance Attributes of CLT
CLT panels have the potential to provide excellent fire resistance, often comparable to that of other building 
materials, including non-combustible materials. This is due to the inherent nature of thick timber members to 
char slowly at a predictable rate, allowing massive wood systems to maintain significant structural capacity for 
extended durations when exposed to fire.

As with any combustible material, CLT may contribute to the growth of a compartment fire. Limited research has 
been conducted to evaluate the impact of additional fixed fuel load from CLT panels on fire growth. Frangi et al. 
[21] evaluated a 3-storey CLT building constructed with 85-mm thick CLT wall panels and 142-mm thick CLT 
floor slabs exposed to a natural, full-scale fire. In this particular experiment, walls were protected with a 12.7-mm 
fire-rated gypsum board (directly exposed to fire) and a base layer of 12.7-mm standard gypsum board, while the 
ceilings were protected with 25.4-mm mineral wool insulation and a 12.7-mm fire-rated gypsum board (Figure 2a). 
In an attempt to replicate similar fire severity, such as that encountered in typical residential dwellings, a design 
fire load of 790 MJ/m² was used and burned for slightly over 1 hour. It is reported that flashover occurred after 
about 40 minutes. The fire severity started to decline after 55 minutes and was extinguished, as planned, after 
one hour. Furthermore, the measured charred depth on the gypsum-protected CLT compartment elements was 
very low, ranging from approximately 5 to 10 mm. No elevated temperatures were measured and no smoke was 
observed in the room above the fire room. From this full-scale design fire test, it may be concluded that CLT 
buildings can effectively be designed to limit fire spread beyond the point of origin.
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Recent studies conducted at Carleton University in Ottawa, Ontario showed an increase in fire growth in fully 
exposed CLT room fires (Figure 2b), leading to faster flashover conditions when compared to those from CLT 
rooms lined with gypsum board [22]. Where CLT was protected by two layers of gypsum board, the fire self-
extinguished when all combustibles were consumed and the CLT provided no noticeable contribution to fire 
growth, duration or intensity.

And lastly, the findings of a real-scale fire test of a representative 8.2 m X 6.4 m (27 ft. X 21 ft.) apartment suite 
conducted in February 2013 at the National Research Council Canada (NRCC) laboratory in Ottawa indicated 
that using 2 layers of 12.7-mm Type X gypsum board delayed the effect of the fire on the CLT structural elements 
(Figure 2c). The fire separations on the floor of the fire origin remained intact, limiting fire spread for more than  
2 hours [23].

             

a) 3-storey CLT fire test 
in Tsukuba, Japan [21]

b) CLT room fire test at Carleton
University in Ottawa, Canada [22]

c) CLT apartment fire test at
NRCC in Ottawa, Canada

Figure 2   
Real-scale CLT fire tests

These research projects highlight fire hazards associated with construction using CLT in situations where no 
active fire protection is provided and where the fire burns over extended periods without response. However, as 
required in many buildings by the NBCC, including all mid-rise and tall buildings, automatic sprinklers would 
provide active protection against fire growth, as they would be activated before significant fire growth and fire 
involvement of exposed CLT panels.

3.3 CLT and Fire Provisions of Building Codes
CLT elements are used in building systems in a similar manner to concrete slabs and solid wall elements as well 
as those from heavy timber construction by limiting concealed spaces due to the use of massive timber elements, 
thereby reducing the risk of concealed space fires.

Moreover, CLT construction typically uses CLT panels for floor and load-bearing walls, which allow fire-rated 
compartmentalization, therefore again reducing the risk of fire spread beyond its point of origin (compartment  
of origin).

The various types of construction defined within the NBCC are discussed in detail in Section 4 of this Chapter, 
which will also highlight areas where CLT components may be used in compliance with the NBCC.
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Building systems in the NBCC are classified in two categories and are solely based on a single material chemical 
property: combustibility. Whether structural materials pass or fail the ULC S114 [24] criteria (i.e., combustible 
or not), they may either be used in one of the two types of construction recognized in the NBCC, that is  
1) non-combustible construction, and 2) combustible construction. Combustible structural materials are to be 
used only in combustible construction, while non-combustible structural materials may be used in either type of 
construction.

The NBCC defines non-combustible construction as a type of construction in which a degree of fire safety is 
attained through the use of non-combustible materials for structural members and other building assemblies. The 
intent in requiring non-combustible structural materials is to limit the probability that combustible construction 
materials within a storey of a building will be involved in a fire, which could lead to the spread of the fire within 
the storey during the time required to ensure occupant safety and for emergency responders to perform their 
duties, which in turn could result in harming people and damaging the building [25]. However, the NBCC 
does not explicitly address the actual performance of non-combustible structural materials when exposed to fire 
conditions.

Combustible construction is simply any type of construction that does not meet the requirements for non-
combustible construction. It includes conventional, light-frame wood and heavy timber construction. As defined 
in the NBCC, heavy timber construction is a type of combustible construction in which a degree of fire safety 
is attained by placing limitations on the minimum sizes of structural wood members and on the thickness and 
composition of wood floors and roofs and by the reduction of concealed spaces under floors and roofs. Moreover, 
the NBCC recognizes the enhanced level of fire safety in buildings made of heavy timber construction, by 
allowing its use in many applications in lieu of non-combustible construction.

4.1 Building Size Relative to Occupancy
Most fire safety provisions set forth in the NBCC are based on the building’s major occupancy, the principal 
occupancy for which a building, or part thereof, is used or intended to be used. This includes subsidiary 
occupancies that form an integral part of the principal occupancy. The classification of buildings by major 
occupancy group may be found in Subsection 3.1.2 of Part 3 of Division B of the NBCC. This building 
classification is the starting point for other fire safety provisions, namely the allowance for combustible 
construction, height and area limits and fire-resistance rating of assemblies.

4 
TYPES OF 
CONSTRUCTION 
AND OCCUPANCY 
CLASSIFICATION
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Depending on the major occupancy group, building sizes are regulated in Subsection 3.2.2 of Part 3 of  
Division B of the NBCC. Table 1 summarizes some building sizes relative to occupancy group found in the 
NBCC. Typically, stricter fire safety provisions are imposed when a building becomes larger and taller and the 
allowance for combustible construction becomes limited. Greater building areas are allowed when an automatic 
sprinkler system is installed.

Table 1  
Examples of building size relative to occupancy group as per Division B of the NBCC

Major 
Occupancy

NBCC 
Article

Building 
Height

(Storeys)

Building Area (m²) 
Based on the Number 

of Streets Faced
Protected by 

Automatic 
Sprinklers

Type of 
Construction

1 2 3

A-2

3.2.2.24 6 Unlimited area Yes Non-comb.

3.2.2.25
2 800 1,000 1,200

No Comb.
1 1,600 2,000 2,000

3.2.2.26
1 4,800

Yes Comb.
2 2,400

C

3.2.2.48 6 6,000 Yes Non-comb.

3.2.2.50 4 1,800 Yes Comb.

3.2.2.51

3 800 1,000 1,200

No Comb.2 1,200 1,500 1,800

1 2,400 3,000 3,600

3.2.2.53 3 1,800 Yes Comb.

D

3.2.2.55

6 2,400 3,000 3,600

No Non-comb.5 2,880 3,600 4,320

4 3,600 4,500 5,400

3.2.2.56

6 7,200

Yes Non-comb.5 8,640

4 10,800

3.2.2.57 4 3,600 Yes Comb.

3.2.2.58

3 1,600 2,000 2,400

No Comb.2 2,400 3,000 3,600

1 4,800 6,000 7,200

3.2.2.59 3 4,800 Yes Comb.

E

3.2.2.63 4 1,800 Yes Comb.

3.2.2.64

3 800 1,000 1,500

No Comb.2 1,200 1,500 1,500

1 1,500 1,500 1,500

3.2.2.65

3 2,400

Yes Comb.2 3,600

1 7,200

F-2

3.2.2.73 4 4,500 Yes Non-comb.

3.2.2.74
3 1,070 1,340 1,500

No Comb.
2 1,500 1,500 1,500

3.2.2.75
4 2,400

Yes Comb.
3 3,200

Non-comb. = non-combustible construction 
Comb. = combustible construction
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4.2 Use of CLT in Combustible Construction
As defined in ANSI/APA PRG 320 [3], a CLT element or panel is a prefabricated solid engineered wood 
product made from at least three (3) orthogonally-bonded layers of finger-jointed, solid-sawn, visually-graded or 
mechanically-graded lumber or structural composite lumber (SCL).

As such, CLT is considered an acceptable combustible building material and is therefore authorized for use in 
buildings allowed to be of combustible construction.

CLT may be used in any form of combustible construction where it provided the requisite fire-resistance rating. 
These ratings are generally 45 minutes or 1 hour or, in some cases, for occupancy separations up to 2 hours. CLT 
assemblies have been specifically tested to CAN/ULC S101 and demonstrated to provide 45 minutes, 1 hour and 
greater fire resistance as detailed in Subsection 5.7 of this Chapter.

4.3 Use of CLT in Heavy Timber Construction
As defined in the NBCC, heavy timber construction is a special type of combustible construction allowed to be 
used where combustible construction is permitted and is not required to have a fire-resistance rating greater than 
45 minutes. It is also generally built from a post-and-beam structural system, where the load-bearing elements need 
to conform to the minimum dimensions indicated in Table 3.1.4.7 of Part 3 of Division B of the NBCC.

Similar to heavy timber construction, CLT is most likely to be used in thick and massive panels. Provided that 
CLT elements are of sufficient dimensions to provide a 45-minute fire-resistance rating, CLT may reasonably be 
considered to conform to the provisions for heavy timber construction. In this regard, the 2015 International 
Building Code (IBC), the model building code widely used in the United States, will prescriptively allow the use of 
CLT in Type IV construction, also known as Heavy Timber Construction, for exterior walls, interior walls, floors 
and roofs. Specific minimum dimensions will be provided for CLT walls, floors and roofs and specific provisions 
will also be provided to allow CLT in exterior walls, where non-combustible materials are traditionally required in 
Type IV construction.

As of 2014, no specific prescriptive Code language has been submitted to the Canadian Commission on Building 
and Fire Codes (CCBFC) for recognition of CLT as a specific type of construction in Part 3 of Division B of the 
NBCC; therefore, technical information and guidance provided herein as well as the provisions approved by the 
2015 IBC and the reference to ANSI/APA PRG 320 may serve as a starting point for allowing CLT to be used in 
combustible and heavy timber construction in compliance with an alternative solution to the provisions set forth 
in Division B of the NBCC.
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4.4 Use of CLT in Non-Combustible Construction
Non-combustible construction, as defined in the NBCC, requires its structural elements to be of non-combustible 
materials. The “acceptable solutions” of Part 3 of Division B exclude the use of CLT as structural elements in non-
combustible construction.

However, roofs in buildings up to 2 storeys are permitted to be of heavy timber construction, regardless of 
building area or type of construction required, provided the building is entirely protected by automatic sprinklers. 
There is potential for CLT to be used as roof elements in low-rise and large buildings required to be of non-
combustible construction.

Moreover, a design professional wanting to use CLT in a project beyond the current prescriptive code limitations, 
which would otherwise be required to be of non-combustible construction, is allowed to develop an “alternative 
solution” in accordance with Clause 1.2.1.1.1)b) of Division A of the NBCC, which may range from the 
development of a simple equivalency to undertaking a full objective-based design (also known as performance-
based design). Developing an objective-based design requires that the building needs to achieve at least the 
minimum level of performance required by Division B in the areas defined by the objectives and functional 
statements attributed to the applicable acceptable solutions. In this regard, a technical guide for designing tall 
wood buildings has recently been published in relation to various approaches that may be used for designing mass 
timber structural elements in buildings otherwise required to be of non-combustible construction [26].
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Building regulations require that key building assemblies exhibit sufficient fire resistance to allow time for 
occupants to escape and to minimize property losses as well as for emergency responders to carry out their 
duties. The intent is to limit the possibility of structural collapse and to subdivide a building into fire-rated 
compartments. A fire compartment, as defined in the NBCC, means an enclosed space in a building that is 
separated from all other parts of the building by enclosing construction that provides a fire separation having a 
required fire-resistance rating. The objective of the compartmentalization concept is to limit fire spread beyond 
its point of origin by using boundary elements (e.g., walls, ceilings, floors, partitions, etc.) having a fire-resistance 
rating no less than the minimum ratings prescribed by the NBCC. Fire-resistance ratings are usually assigned in 
whole numbers of hours (e.g., 1 hour and 2 hours) or parts of hours (e.g., ½ hour or 30 minutes and ¾ of an hour 
or 45 minutes).

Structural fire performance of building assemblies is assessed by conducting fire-resistance tests in accordance 
with CAN/ULC S101 [27]. A fire-resistance rating is defined as the period of time that a building element, 
component, or assembly maintains the ability to perform its separating function (i.e., confining a fire by preventing 
or retarding the passage of excessive heat, hot gases or flames), continues to perform a given load-bearing function, 
or both, when exposed to fire under specified conditions of test and performance criteria. More specifically, a 
standard fire-resistance test entails three performance criteria (Figure 3). The time at which the assembly can no 
longer satisfy any one of these three criteria defines the assembly’s fire resistance.

1. Structural resistance: The assembly must support the applied load for the duration of the test  
 (relates to the load-bearing function).
2. Integrity: The assembly must prevent the passage of flame or gases hot enough to ignite a cotton pad  
 (relates to the separating function).
3. Insulation: The assembly must prevent the rise in temperature of the unexposed surface from being  
 greater than 180°C at any location, or an average of 140°C measured at a number of locations,  
 above the initial temperature (relates to the separating function).
 

5 
FIRE RESISTANCE  
OF CLT
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 a) Structural resistance b) Integrity c) Insulation

Figure 3 
Fire-resistance criteria per CAN/ULC S101

When designing buildings with CLT elements, it is necessary to use assemblies that comply with the required fire-
resistance ratings. In some instances, such as for non-load-bearing partition wall assemblies, only the separating 
function is required in defining the fire resistance (e.g., the assembly must meet only the insulation and integrity 
criteria). In the case of load-bearing walls and all floor/roof assemblies, the assembly must provide both the load-
bearing function (structural resistance) as well as the separating function for not less than the duration of the fire-
resistance rating required in the NBCC. The determination of the fire resistance of CLT assemblies has therefore 
been split into requirements based on load-bearing function and separating function in this Chapter.

5.1 Test Method – CAN/ULC S101
The NBCC requires that the fire-resistance rating of a building assembly be assessed by subjecting a specimen of 
the assembly to a standard fire-resistance test, such as CAN/ULC S101, which is similar, in most parts, to the fire 
severity and performance criteria set forth in other international standards, such as ASTM E119 [28] and ISO 834 
[29]. They require a wall (Figure 4) or floor (Figure 5) assembly to be exposed to a post-flashover fire specified by 
a time-temperature curve (Figure 6). CAN/ULC S101 is a performance-based standard method and is not related 
to the combustibility of materials, which is typically assessed in accordance with CAN/ULC S114.

             
 a) Unprotected CLT before test b) Unexposed surface during test c) Protected CLT after test
 
Figure 4   
CLT fire-resistance wall tests conducted at NRCC in Ottawa, ON
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 a) Unprotected CLT before test b) Unexposed surface during test c) Protected CLT after test

Figure 5 
CLT fire-resistance floor tests conducted at NRCC in Ottawa, ON  

Time 
(min)

Temperature 
(°C)

5 538

10 704

30 843

60 927

120 1010

240 1093
   

Figure 6 
Standard time-temperature curve from CAN/ULC S101

 
For load-bearing assemblies, the test standard requires the assembly to be structurally loaded during fire exposure. 
In order to satisfy the structural criterion, the test specimen needs to sustain the applied load, called “superimposed 
load” as per CAN/ULC S101, throughout the fire test period. Such loading requirements are applicable to all 
structural elements, including timber, steel and concrete assemblies. The superimposed load may represent a “full” 
specified load condition or a “restricted” load use condition. According to CAN/ULC S101, the full specified 
load condition is satisfied when the test specimen is subjected to the specified gravity loads that produce a factored 
load effect as close as practical to the factored resistance of the test specimen, determined in accordance with the 
appropriate limit states design standard, such as CSA O86 Engineering Design in Wood [30]. A test conducted 
under the maximum load ensures that the fire-resistance rating obtained is appropriate for use in any equal or lesser 
loading conditions (assuming they satisfy the load-bearing requirements). Additional information regarding  
the loading conditions during a standard fire-resistance test of wood components may be found in CAN/ULC 
S101 and Dagenais et al. [31] for use in Canada as well as in ASTM D6513 and D7746 standards [15, 16] for use 
in the U.S.
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However, the limited short test span (typically around 4.7 m) and the maximum loading capacity from the fire 
laboratories steel-framed test apparatus make it very difficult for CLT assemblies to be evaluated under full loading 
conditions. In fact, most North American fire test facilities do not have the capacity to load CLT assemblies 
to their full loading conditions. Moreover, it is doubtful that CLT floor assemblies will be structurally loaded 
anywhere near their ultimate capacity and quite often may be carrying loads much lower than their design capacity 
due to serviceability limits (deflection or vibration). As such, a rational fire-resistance calculation methodology, 
based on first principles such as charring rate, effective reduced cross-section, and load ratio, is more suitable  
to ensure an efficient and economical CLT building design.

5.2 Mechanics-Based Design Method
The proposed methodology for determining the fire resistance of CLT elements is a mechanics-based deterministic 
design method based on limit states design calculation procedures. It calculates the capacity of exposed CLT 
elements using basic wood engineering mechanics for fire-resistance calculations of up to 3 hours, limited by the 
currently available test data. The proposed calculation methodology is also valid only for CLT manufactured with 
lumber boards and adhesive meeting the requirements set forth in ANSI/APA PRG 320.

The actual mechanical and physical properties of the wood are used and the capacity of the member is directly 
calculated for a given period of time. The section properties are computed assuming a stepped one-dimensional 
charring rate (βo) for a given time (t) of fire exposure. Reductions of strength and stiffness of wood directly 
adjacent to the char layer are addressed by a fixed zero-strength layer (do) for uniformity and consistency with a 
recent calculation methodology developed by Dagenais & Osborne [32] applicable to timber, glued-laminated 
timber and structural composite lumber of large cross-sections. The resistance factor (ϕ) is set to unity and the 
duration of load factor (KD) is taken as short-term. Lastly, the member specified strength properties are adjusted 
to the average strength value (i.e., mean value), based on existing accepted statistical procedures, such as ASTM 
D2915 [33], used to evaluate allowable properties for structural lumber.

Finally, the wood members are designed using accepted engineering procedures found in CSA O86 and the 
failure occurs when the load applied on the member exceeds the member capacity that has been reduced due to 
fire exposure. It is important to note that in calculating the CLT bending moment or axial resistances, only plies 
running in the direction of the applied stress are to be considered. The cross plies, while providing a fixed spacing 
between the longitudinal layers, are assumed to provide no structural contribution to the bending moment or axial 
resistance of the panels.

In order to estimate the reduced cross-sectional dimensions, the location of the char base must be determined as a 
function of time on the basis of empirical charring rate data. The char layer may be assumed to have zero strength 
and stiffness.
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5.3 Application of Mechanics-Based Methodology to CLT
5.3.1 Charring Rate and Char Depth

A constant one-dimensional charring rate (βo) is commonly assumed for solid-sawn and glue-laminated 
softwood members that are fully exposed (i.e., unprotected) throughout the time of fire exposure. This is with 
the assumption that glued structural products behave similarly to solid (non-glued) timber when exposed to fire 
and that the adhesive used does not exhibit delamination characteristics. An adhesive used in a glued structural 
product such as CLT must maintain its bond between wood members when exposed to high temperature in order 
to prevent failure at the bond line when some of the wood layers may still have considerable residual strength. The 
adhesive must also maintain sufficient strength when subjected to temperatures associated with charring of wood 
(generally taken as 300°C [34]) in order to ensure that charred layers do not fall off. Char performs an important 
insulating function and helps protect the remaining wood cross-section. If the adhesive is not able to prevent 
the premature fall-off of layers, then consideration should be given to the impact on the charring rate and the 
associated reduction in the fire-resistance rating of the assembly.

The CLT panels used for developing the fire-resistance calculation methodology were manufactured with a 
structural polyurethane (PUR) adhesive conforming to ANSI/APA PRG 320 “Standard for Performance-Rated 
Cross-Laminated Timber” for use in both the U.S. and Canada. During full-scale fire research on CLT walls 
and floors [12], localized pieces of the charred layers were observed to fall off when the temperature at the CLT 
lamination interface (glue line) approached 200°C, indicating an adhesive failure and suggesting that the ASTM 
D7247 [35] test may not be severe enough to address glue lines in the char layer (300°C). Analysis of the data 
indicated an acceleration of the char rate subsequent to the failure of a laminate. Additional fire testing of CLT 
manufactured with PUR adhesive is warranted.

Such a delamination effect was also observed in experiments carried by Frangi et al. [6] on structural polyurethane 
adhesive, where it actually increased the charring rate of the CLT when exposed to fire. It should be noted however 
that, in Europe, structural adhesives must comply with performance requirements specified in EN 301 [36] and 
EN 15425 [37]. The highest temperature in the tests according to these European standards is 70°C, being held 
over two weeks under constant loading of the bonded specimens. Therefore, the current European standards 
provide little or no information nor do they provide a classification for adhesives at elevated temperatures 
appropriate for fire-resistance design [6]. Such temperature exposure is also much lower than the temperature of 
the base charred layer. The question of the integrity of a laminate that has charred therefore involves performance 
at temperatures of 300°C and higher. Extensive testing with a variety of products made with a phenol-resorcinol-
formaldehyde adhesive has shown that charring does not result in delamination when this type of adhesive is used.

Figure 7 shows typical charring rates observed from testing conducted with 5-ply CLT wall specimens made  
from different laminate thicknesses. It may be observed that the thermocouples measurements (indicated as  
“TC data at glue line” in Figure 7, when the temperature reached 300°C) provide average charring rates of 
0.64 mm/min and 0.78 mm/min for laminates, with a thickness of 35 mm and 21 mm, respectively. This value 
incorporates the assumption that laminates of a thickness less than 35 mm, which is a typical thermal penetration 
depth for softwoods, have an impact on the effective charring rate for CLT. The critical failure temperature will be 
reached much faster at the glue line when thin laminates, as compared to thicker laminates, are used and this could 
potentially lead to earlier fall-off of the laminates. The measured average charring rate of 0.64 mm/min is very 
similar to that prescribed in other design standards such as Eurocode 5: Part 1-2 [10] and NDS [15]. 
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Figure 7  
Char depth measurements of CLT wall specimens from different laminate thicknesses

When designing is intended for Canada, the use of a one-dimensional charring rate (βo) that is adjusted as a 
function of the thickness of the laminates (d in mm) as per Equation 1 is recommended, while resetting the zero-
strength layer every time a glue line is crossed. As such, a conservative adjustment factor is provided in Equation 1 
to account for a potential increased effective charring rate when thin laminates are used. As shown in Figure 7, 
thinner laminates tend to exhibit a faster effective charring rate. However, due to the limited test data, additional 
fire testing of CLT manufactured with thin laminates (less than 35 mm) is warranted to refine the inherent 
conservatism. Should a CLT panel be manufactured with laminates of different thicknesses, the appropriate 
charring rate is to be subsequently applied to the respective laminates, layer by layer.

  [1]

 
It should be noted that a one-dimensional charring rate of 0.65 mm/min is a common value for most softwoods 
and glued-laminated timber of a characteristic density of 290 kg/m³ and greater (equivalent to a relative density 
value of 0.35 and greater). Other CLT charring rates may be applicable, provided that they have been established 
from standard fire-resistance testing in accordance with CAN/ULC S101.

After the char depth is calculated, an additional thickness needs to be subtracted to account for the loss of strength 
in the heated zone beneath the char front (i.e., a zero-strength layer, do). If the exposure time is less than 20 minutes, 
then the zero-strength layer is to vary linearly from zero at time zero to a depth of  7 mm at 20 minutes (Equation 2). 
This is the same practice used in Eurocode 5 Part 1-2 [10] for the heated zone used for glulam and heavy timber. 
The justification for the 7-mm thickness is also provided by Schaffer et al. [38]. The effective char depth (achar,eff) 
may then be evaluated as per Equation 3.
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  [2]

 

    [3]

where:
do  =  zero-strength layer as per Equation 2 (mm) 
achar,eff  =  effective char depth (mm) 
βo   =  one-dimensional charring rate as per Equation 1 (mm/min) 
t   =  required fire resistance (min)

When the effective char layer crosses a glued interface between laminates, the time (t) used in determining the 
zero-strength layer (do) should be reset. The resetting of the zero-strength layer accounts for an increased charring 
rate when a layer delaminates (falls off ) and suddenly exposes uncharred wood underneath to fire. When a layer 
delaminates, the subsequent layer starts charring at an increased rate until a new charred (insulating) layer is 
generated. The charring rate may then be reduced to the one-dimensional rate (Equation 1), again until the next 
layer falls off. 

As such, considering the above one-dimensional charring rate adjustment and a fixed zero-strength layer of   
7 mm (while being reset at every glue line), the effective char depths for CLT manufactured with laminates  
of equal thickness may be found in Table 2.

Table 2 
Effective char depth for CLT design in Canada

Fire Exposure

Effective Char Depth, achar,eff (mm)

Lamination Thickness (mm)

19 (3/4”) 21 ( 7/8”) 25 (1”) 32 (1 1/4”) 35 (1 3/8”) 38 (1 1/2”)

30 min. 34 33 30 27 27 27

45 min. 51 50 47 39 36 36

1 hr. 67 66 61 54 51 51

1.5 hrs. 101 100 91 78 72 72

2 hrs. 136 133 122 102 99 99

 
While the U.S. stepped charring model assumes a one-dimensional charring rate of 0.635 mm/min. (1.5 in./hr.) 
throughout, which leads to some minor differences with the Canadian model, it can be demonstrated that the 
above calculated effective char depths are consistent with those obtained from the U.S. model described in the U.S. 
edition of the CLT Handbook, therefore resulting in a similar reduction of the cross-section.

And lastly, it is anticipated that CLT manufactured with adhesives that do not exhibit delamination at 
temperatures below the char front (i.e., would char at a similar rate as solid wood) may use a constant charring rate 
for calculating the effective char depth (0.65 mm/min., for example) without the thickness adjustment shown in 
Equation 1, and without the need to reset the zero-strength layer at every glue line.
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5.3.2 Approximation of Member Strength and Capacity
Parametric analyses are typically used to establish 5th percentile tolerance limits with a 75% confidence level. 
Strength properties such as bending, tension, compression and shear are derived with this parametric analysis 
(deriving a 5th percentile), while modulus of elasticity (E) for serviceability is derived from the mean values (i.e., 
average value). ASTM D2915 “Standard Practice for Sampling and Data Analysis for Structural Wood and Wood-
Based Products” [33] provides a methodology for estimating the parametric tolerance limit (PTL or pth percentile) 
for a normal statistical distribution as a function of test data average values and coefficients of variation.

The following strength adjustment factor (Kfi) shown in Table 3 may be used and the average strength of CLT 
laminates may be approximated by multiplying design values (Fb, Ft, Fc , and E05) by the adjustment factors 
indicated in CSA O86, when applicable to CLT, which are summarized in Table 4. Additional information 
regarding the strength adjustment factors may be found in Dagenais & Osborne [32].

Table 3 
Strength adjustment factors (Kfi) for CLT fire-resistance design

CLT Stress Grade Lumber Type in Strength Axis Kfi

E1 – 1950fb-1.7E
Machine stress rated  

lumber (MSR) 1.25E2 – 1650fb-1.5E

E3 – 1200fb-1.2E

V1 – D-Fir No. 2 Visually graded sawn  
lumber 1.50

V2 – SPF No. 1/No. 2

 
Table 4 
Applicable adjustment factors for CLT fire-resistance design
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Bending Kfi KD KH KS KT KX KZb - KL -

Compression Kfi KD KH KS KT - KZc KC - -

Tension Kfi KD KH KS KT - KZt - - -

Shear Kfi KD KH KS KT - KZv - - KN

MOE (E05) (Buckling) Kfi KD KH KS KT - - - - -

MOE (E) (Serviceability) - KD KH KS KT - - - - -

(1) Factor must be based on initial cross-section dimensions 
(2) Factor must be based on reduced cross-section dimensions 
System, service condition and treatment factors for CLT are to be taken as unity.
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All member strength and cross-sectional properties should be adjusted prior to the interaction calculations. The 
interaction calculations should then be conducted in accordance with appropriate CSA O86 design provisions.

5.4 Fire Resistance of CLT Assemblies – Structural Requirement
The procedure set forth in CAN/ULC S101 is applicable to floor and roof assemblies with or without attached, 
furred, or suspended ceilings and requires fire exposure to the underside of the specimen being tested. When wall 
assemblies are evaluated, the specimen is exposed to fire from one side only. This structural requirement is essential 
in limiting the risk of structural failure or collapse of physical elements due to the effects of a fire.

5.4.1 Structural Fire Resistance

Calculation of the structural fire-resistance failure time of CLT floor or wall assemblies is outlined in the following 
four steps. The time at which the CLT assembly can no longer support the applied load defines its structural  
fire resistance (tStruc). Once the CLT assembly capacity has been determined using the effective section properties 
from Subsection 5.3.1 and the member strength approximations from Subsection 5.3.2 of this Chapter, the CLT 
assembly may be designed using accepted design procedures for rare loading conditions, as with seismic and fire 
design in accordance with the User’s Guide – NBC 2010 Structural Commentary (Part 4 of Division B) [39].

Figure 8 shows a CLT panel exposed to fire and some of the nomenclature used in calculating its fire resistance. 
Although ANSI/APA PRG 320 follows the Shear Analogy Model for determining CLT capacities, which form 
the basis for designing under “normal” conditions, the model is limited and only valid for CLT of symmetrical 
cross-sections. As such, the classical laminated wood composite theory, as described by Bödig & Jayne [40], is 
the most suitable method for fire design, as the cross-section is reduced as a function of time and then becomes 
asymmetrical (i.e., an unbalanced layup). Cross-plies are not taken into account in the calculation of bending 
moment resistance for floors nor wall compressive resistance parallel to grain (i.e., E90 = G0 = G90 = 0). Also, 
calculations are typically made for a unit width of CLT panel, typically 1 meter.

Figure 8 
Nomenclature used in calculating fire resistance of CLT exposed to fire from below
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Step 1: Calculation of the effective char depth 
The effective char depth can be determined by the product of the appropriate one-dimensional charring rate (βo), 
as per Equation 1, multiplied by the duration of fire exposure (t) (i.e., the required fire-resistance rating) with the 
additional inclusion of a zero-strength layer (do). The time (t) used in determining the zero-strength layer (do) 
should be reset at every glue line, as discussed in Subsection 5.3.1 of this Chapter. Alternatively, the effective char 
depth for common laminate thicknesses can be taken directly from Table 2.

Moreover, should different laminate thicknesses be used, either for the major or minor strength direction, an 
appropriate charring rate and effective char layer should be determined as per Equation 1 and Equation 3, for each 
different laminate thicknesses respectively. 

Step 2: Determination of effective reduced cross-section 
The effective reduced cross-section depth remaining for design under fire conditions (hfire) may be calculated as:

   [4]

where:
hfire  = effective reduced cross-section depth (mm)
h   = initial cross-section depth of the CLT panel (mm)

Since the stiffness of the crossing plies is ignored (i.e., E90 = 0), should hfire fall within a cross-ply (i.e., between  
plies that are parallel to the applied stress), hfire is reduced to the distance from the unexposed face to the edge  
of the nearest inner ply located in the major strength direction.

Step 3: Find location of neutral axis and section properties of the effective reduced cross-section 
Equation 5 will be used to calculate the location of the neutral axis (y ̅    ) when the plies parallel to the direction  
of the applied stress do not all have the same modulus of elasticity.

   
[5]

where:
y ̅  = distance from the unexposed surface of the panel to the neutral axis (mm)
y ̃  i  = distance from the unexposed surface of the panel to the centroid of ply i (mm)
hi  = remaining depth of ply i (mm)
Ei  = modulus of elasticity of ply i in the major strength axis (MPa)
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The modulus of elasticity for plies perpendicular to the applied stress (i.e., E90) may typically be approximated as 
E/30. However, in fire design, this value may conservatively be assumed to equal zero when calculating the neutral 
axis and section properties of asymmetrical cross-sections by the classical laminates wood composite theory.

If the plies in the direction of the applied stress all consist of the same grade and species group and therefore have 
the same modulus of elasticity, Equation 5 may be reduced to the following equation:

     
[6]

 

 
The effective bending stiffness of the effective reduced cross-section may be determined using Equation 7 as 
follows:

  
[7]

where:
EIeff,fi = effective bending stiffness for fire design (N·mm²)
bi  = unit width of the CLT panel (typically 1 m or 1,000 mm)
hi  = remaining depth of ply i (mm)
di  = distance from the neutral axis to the centroid of ply i (mm)

Similarly, if the plies in the direction of the applied stress all consist of the same grade and species group 
and therefore have the same modulus of elasticity, Equation 7 may be reduced to the following equation for 
determining the moment of inertia of the effective reduced cross-section:

   
[8]

where:
Ieff,fi = moment of inertia of the effective reduced cross-section for fire design (mm4)

Step 4: Calculation of structural resistance 
Using the effective reduced cross-section determined in Step 3, the member capacity may be calculated by 
multiplying the adjusted specified strength values. Any contribution to the strength provided by the plies 
perpendicular to the applied stress may be ignored. The design values are determined through accepted 
engineering design procedures related to fire design of wood members, such as those detailed in [32] and described 
herein. 

The calculation of the factored bending moment and the compressive resistance parallel to grain have been split 
into Steps 4a and 4b respectively, due to the different interactions used.
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Step 4a: Calculation of the factored bending moment resistance 
The factored bending moment resistance of a CLT assembly may be calculated using an adapted procedure  
of Section 6.5.6 of CSA O86, applicable to glulam members. The effective section modulus of the reduced  
cross-section (Seff) is calculated based on the moment of inertia of the plies running in the direction of the applied 
stress (Ieff) and the location of the neutral axis (y ̅    ), as shown in Equation 9:

   
[9]

where:
Seff,fi = effective section modulus for fire design (mm³)
E  = modulus of elasticity of the ply that sustains the greatest tensile stress, typically Ei (MPa)

If the plies in the direction of the applied stress all consist of the same grade and species group and therefore have 
the same modulus of elasticity, Equation 9 may be reduced to the following equation:

   [10]

 
The size factor in bending (KZb), lateral stability factor (KL), system factor (KH), service condition factor (KSb), 
and treatment factors (KT) for CLT panels should all be set to unity. The factored bending moment resistance 
of a CLT assembly is thereby calculated based on the adjusted specified strength in the bending of the wood and 
the effective section modulus of the reduced cross-section, as shown in Equation 11. It should be noted that the 
moment capacities in the major strength direction need to be multiplied by a factor of 0.85 for conservatism, 
which has been validated by testing [3].

 [11]

where:
Mr,fi = factored bending moment resistance in fire-resistance design (N·mm)
ϕ  = 1.0 (in fire design only)
Fb,fi = fb (Kfi Kd KH KSb KT)

  where:
   fb  = specified strength of wood in the strong axis (MPa), Section 5.3 of CSA O86
  Kfi = strength adjustment factor as per Table 3
  Kd = 1.15 (short-term for fire design) 

Krb = adjustment factor in bending
  = 0.85 for bending along the major strength direction
  = 1.00 for bending along the minor strength direction
Mf  = maximum induced factored moment in fire-resistance design (N·mm), calculated based  
   on values from Equation 12   
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According to the User’s Guide – NBC 2010 Structural Commentary (Part 4 of Division B) [39], seismic and fire 
events are considered rare occurrences. As such, principal load factors (αGi  and αQi) for rare loads, as with seismic 
and fire design, may be set to unity because of their low annual probability of occurrence. The loading condition 
shown in Equation 12 may be used for the fire-resistance design of CLT assemblies.

   [12]

where L + D are the load effect due to the sum of the specified live and dead loads and where Rfi  is the factored 
capacity for fire design adjusted to average ultimate capacity, as outlined in this Chapter.

Provided that the structural resistance of the effective reduced cross-section is greater than the effects induced 
by the specified design load shown in Equation 12, the fire resistance of the CLT element will be equal to or 
greater than that of the resistance used in determining the reduced cross-section. Serviceability limit states, 
such as deflections, are usually not as much a concern as ultimate limit states (i.e., strengths) during fire design 
considerations [41].

Should a performance-based fire safety design approach be used, in which the specific fire scenario has 
design fire(s) with time-temperature relations other than those specified in the standard CAN/ULC S101 
fire-resistance test, additional analysis may be required. For example, a thermal and mechanical analysis 
may be needed in order to determine an appropriate charring rate and zero-strength layer.

Moreover, in such a design scenario and based on the judgment of the fire protection engineer, it may be 
appropriate to use the load factors suggested in paragraph 25 of Structural Commentary A of the User’s 
Guide – NBC 2010 Structural Commentary (Part 4 of Division B), along with appropriate resistance (ϕ) 
and adjustment factors in accordance with CSA O86. It is not recommended to use strength adjustment 
factors and the reduced load combination specified in paragraph A-25 of the Structural Commentary 
when conducting performance-based fire design.

It should be noted that the effective reduced cross-section, neutral axis, moment of inertia, and section modulus 
are continually changing during fire exposure as the cross-section is being reduced; therefore, in cases where 
fire resistance may be the controlling design factor, it is recommended that these calculations be completed in a 
spreadsheet so the bending moment resistance may be calculated as a function of time.

A sample calculation of the bending moment resistance of a CLT floor assembly is shown in Section 5.9 of this 
Chapter.

Step 4b: Calculation of factored compressive resistance parallel to grain 
The factored axial compressive resistance parallel to the grain of a CLT assembly may be calculated using an 
adapted procedure of Sections 6.5.8 of CSA O86, applicable to glulam, where only the layers oriented parallel to 
the axial force are assumed to carry the load; however, the total area of the reduced cross-section (Atot,fi) is to be 
used when calculating the slenderness ratio (CC,fi) of the effective reduced cross-section, as per Equation 13.

   
[13]

where:
Le  = effective length, typically equal to the unbraced height of the CLT wall (mm)
Ieff,fi = moment of inertia of the effective reduced cross-section (mm4)
Atot,fi = total area of the effective reduced cross-section (mm²)
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The CLT wall size factor in axial compression (KZc, based on initial cross-section) and slenderness factor  
for fire-resistance design (KC,fi, based on effective  reduced cross-section) must be calculated as follows:

   [14]

   [15]

 
where:
Fc,fi = fc (Kfi Kd KH KSc KT)

  where:
   fc = specified strength of the wood in the strong axis (MPa), Section 5.3 of CSA O86
  Kfi = strength adjustment factor as per Table 3
  Kd = 1.15 (short-term for fire design)
  CC = slenderness ratio of the effective reduced cross-section, Equation 13
  L = panel length (mm)
  E = modulus of elasticity of the wood in the strength axis (MPa), Section 5.3 of CSA O86

The system factor (KH), service condition factors (KSc and KSE), and treatment factors (KT) for CLT panels should 
all be set to unity. The factored compressive resistance parallel to the grain of a CLT assembly is thereby calculated 
based on the adjusted specified strength in compression parallel to the grain of the wood, the area and the 
slenderness factor of the reduced cross-section, as shown in Equation 16.

   [16]

where:
Pr,fi = factored compressive resistance parallel to grain in fire-resistance design (N)
ϕ  = 1.0 (in fire design only)
Fc,fi = fc (Kfi Kd KH KSc KT)

  where:
   fc = specified strength of the wood in the strength axis (MPa), Section 5.3 of CSA O86 
  Kfi = strength adjustment factor as per Table 3
   Kd = 1.15 (short-term for fire design)

Aeff,.fi = effective reduced cross-sectional area (mm²)
KZc = size factor in axial compression, Equation 14
Kc,fi = slenderness factor for fire design, Equation 15
Pf  = maximum induced axial compressive force in fire design, Equation 12 (N)
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When exposed to fire, a CLT wall assembly is subjected to second-order effects (i.e., P-Δ effects) due to  
the charring of the fire exposed surface. The cross-section is reduced as a function of time, causing the neutral  
axis to shift towards the unexposed surface, therefore creating an increasing eccentricity as a function of time 
(Figure 9). It is strongly recommended that the fire resistance of a CLT wall assembly be calculated using the 
procedures specified in Section 6.5.12 of CSA O86 for combined bending and axial loading. The time at which 
the CLT wall assembly can no longer support the applied axial load defines its structural fire resistance (tStruc). 
Equation 17 provides an alternate form of the equation found in CSA O86 for CLT assemblies.

    [17]

where:
Pf  = maximum induced axial compressive force in fire design, Equation 12 (N)
Pr,fi = factored compressive resistance parallel to grain in fire design, Equation 16 (N)
Mf  = maximum out-of-plane induced factored moment in fire design, Equation 12 (N·mm)
Δf  = deflection due to out-of-plane loading (bending) (mm)
e0  = panel deflection due to axial load eccentricity (mm)
Δ0  = initial wall imperfections at mid-height of the panel usually taken as L/500 + h/6,
    
  where:  
  L is the panel height and h is the panel initial depth (mm)
 
Mr,fi = factored bending moment resistance in fire design, Equation 11 (N·mm)

PE,fi =  

  where:
  E = modulus of elasticity of the wood in the strength axis (MPa), Section 5.3 of CSA O86
  Ieff,fi = moment of inertia of the effective reduced cross-section for fire design (mm4)
   Le = effective length, typically equal to the unbraced height of the CLT wall (mm)
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Figure 9  
CLT wall assembly subjected to combined bending and axial compression

Note that the effective reduced cross-section, neutral axis, moment of inertia, and slenderness ratio are continually 
changing during fire exposure as the cross-section is being reduced; consequently, in cases where fire resistance may 
be the controlling design factor, it is recommended that these calculations be completed in a spreadsheet so the 
axial capacity can be calculated as a function of time. 

A sample calculation of a CLT wall assembly subjected to combined bending and axial loading is shown in 
Section 5.10 of this Chapter.

5.4.2 Use of Protective Membranes to Increase Structural Fire Resistance

The proposed mechanics-based design procedure, as discussed in Subsection 5.4.1 of this Chapter, predicts average 
fire-resistance times for CLT wall and floor assemblies that closely track actual fire-resistance times for tested 
assemblies up to 3 hours. Full-scale fire-resistance wall and floor tests have been conducted on CLT protected 
and unprotected with gypsum board. These tests have shown that the fire resistance of CLT assemblies may be 
increased when protective membranes are used.
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The calculation methods in the previous sections are based on an unprotected CLT panel fully exposed to 
standard fire exposure. Experiments by the U.S. Forest Products Laboratory on tension members [42] and by 
FPInnovations on CLT assemblies protected with Type X gypsum boards [12, 43] indicate that the structural 
failure time of protected assemblies may be calculated as the failure time of an unprotected assembly, in 
accordance with Subsection 5.4.1 of this Chapter, plus the inclusion of additional time to account for protection 
measures. When gypsum board is directly applied on the fire exposed side, the following times may be added to 
the structural failure time of an unprotected assembly:

a) 15 minutes for one layer of 12.7-mm (½ in.) type X gypsum board
b) 30 minutes for one layer of 15.9-mm (⅝ in.) type X gypsum board
c) 40 minutes for two layers of 12.7-mm (½ in.) type X gypsum board
d) 60 minutes for two layers of 15.9-mm (⅝ in.) type X gypsum board

The gypsum board protective membranes should be attached directly to the massive timber members using  
57-mm (2¼ in.) Type S drywall screws spaced at 305 mm (12 in.) on the center along the perimeter and 
throughout. Screws must be kept at least 38 mm (1½ in.) from the edges of the boards. When using a single 
thermal protective membrane, the gypsum board joints should be covered with tape and coated with joint 
compound. End joints must be staggered between adjacent gypsum boards. When using two layers of thermal 
protective membranes, the face layer joints should be covered with tape and coated with joint compound. In all 
cases, the screw heads of the exposed layer should also be covered with joint compound. End joints in the face layer 
must be staggered between adjacent gypsum boards and end joints of the base (1st) layer.

5.5 Fire Resistance of CLT Assemblies – Integrity Requirement
As mentioned in Section 5 of this Chapter, integrity is one of the two requirements of the separating function of 
building assemblies. The time at which the CLT panel-to-panel joint can no longer prevent the passage of flame or 
gases hot enough to ignite a cotton pad, when exposed to a standard fire, defines the integrity fire resistance (tInt). 
This requirement is essential in limiting the risk of fire spread to compartments beyond the compartment of fire 
origin.

Panel-to-panel joint performance depends on joint configuration and connection details (refer to Chapter 5 of this 
CLT Handbook), where an integrity failure may occur when the connection detail can no longer withstand the 
applied load in either shear or withdrawal. For instance, when using wood screws to connect CLT panels together, 
a minimum penetration no less than 5 times the wood screw diameter is required for single shear connections.

As the exposed face chars over a period of time, the thickness that would provide an adequate lateral or withdrawal 
capacity is reduced. Further to the full-scale fire-resistance tests, and inspired by the European methodology for 
timber assemblies specified in Eurocode 5: Part 1-2, a simple calculation model has been developed for half-lapped 
CLT panel-to-panel joints (Figure 10) and is represented in Equation 18.

    [18]

where:
tInt  = integrity fire resistance time (min.)
Kj  = CLT panel-to-panel joint coefficient
  = 0.35 (for half-lapped joint at mid-depth)
  Refer to Subsection 5.5.1 of this Chapter for other configurations.
h  = CLT panel thickness (mm)
βo  = one-dimensional charring rate = 0.65 mm/min.
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Figure 10 
CLT panel-to-panel half-lapped joint detail

5.5.1 Effect of Joints on Integrity of CLT Walls and Floors

The panel-to-panel joint configuration may affect the integrity performance of CLT assemblies. The sides of 
individual CLT panels are shielded from full fire exposure by adjacent panels collectively acting as a joint. Partial 
exposure may occur as panels shrink and joints between panels open.

So far, only half-lapped joints have been evaluated (Figure10) where the joint was located at mid-depth of the CLT 
panels and overlapping for at least 64 mm (2½ in.). The joints were also fastened using self-tapping wood screws of 
90 mm (3½ in.), 160 mm (6¼ in.), and 220 mm (8¾ in.) for CLT assemblies made of 3, 5 and 7 plies respectively. 
A bead of construction adhesive was also used to ensure that the joint was sealed.

However, connection details of CLT assemblies may also consist of single- or double-surface splines or internal 
spline(s). These tightly fitted joint profiles should offer sufficient fire resistance provided the loss in depth of the 
reduced cross-section has not yet reached the internal spline, but this has yet to be properly evaluated for fire 
resistance in CLT assemblies.

The integrity of building assemblies is also regulated in the NBCC by the requirements for through-penetrations 
(i.e., service penetrations) in assemblies to be fire resistance rated. (Refer to Subsection 8.1 of this Chapter for 
further details.)

5.5.2 Use of Protective Membranes, Floor Coverings and Interior Finish to Address Integrity

The calculation shown in Subsection 5.4.1 is based on an unprotected CLT panel-to-panel half-lapped joint fully 
exposed to standard fire exposure. When the integrity requirement cannot be fulfilled by the CLT panels alone, 
additional floor coverings or wall sheathings may be used to increase the integrity failure time. For example, the 
thickness of the floor coverings may be added to the CLT assembly thickness (h) when using Equation 18.  
If gypsum board is used, the assigned time listed in Subsection 5.4.2 may be added to the unprotected CLT 
assembly integrity failure time, provided it is used on the fire-exposed side.

Moreover, Equation 18 considers the influence of half-lapped joints not backed by other means on the unexposed 
side. As such, when structural elements, panels, flooring, or a concrete topping on the unexposed side are added, 
the integrity criteria may be assumed to be satisfied, as these additional membranes will prevent the flame 
penetration through the assembly and the joint coefficient (Kj) may then be set to unity.
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5.6 Fire Resistance of CLT Assemblies – Insulation Requirement
As mentioned in Section 5 of this Chapter, insulation is the second performance expectation of the separating 
function of building assemblies. The time at which the CLT assembly can no longer prevent the temperature on 
the unexposed surface from rising above 180°C at any location, or an average of 140°C measured at a number of 
locations, above the initial temperature, defines the insulative fire resistance (tIns). This requirement is intended to 
limit the risk of fire spread to compartments beyond the compartment of fire origin as well as to allow safe egress 
within the space located on the side of the assembly away from the fire (unexposed side).

5.6.1 Theoretical Temperature Profiles for CLT Assemblies

Heat transfer occurs from regions of high temperature to regions of cooler temperature within solids (e.g., from 
the fire room of origin to adjacent compartments through a wall or floor assembly). This mode of heat transfer 
in solid materials is conduction and is a well-known mechanism that satisfies Fourier’s law of conduction. 
Conduction is also related to the material thermal conductivity (k) represented by the three dimensional (3-D) 
transient heat transfer partial differential equation shown in Equation 19.

   [19]

 
 
where T is the temperature (K), kx,y,z are thermal conductivities in x, y, z directions (W / m·K ), Q ̇      is the internally 
generated heat due to the chemical reaction (W / m³), ρ is the density (kg / m³), c is the specific heat  
( J / kg·K), and t is the time (s).

Heat transfer through a material that exhibits charring behaviour is slightly more complicated than that of other 
materials such as steel and concrete. The internally generated heat due to the chemical reaction consists of two 
parts: 1) the pyrolysis of the wood expressed by an Arrhenius function and 2) the heat absorption per unit volume 
due to evaporation of water. More information with regard to the rate of heating, pyrolysis of the wood and 
evaporation of water may be found in [44-46].

Materials with a high thermal conductivity (such as steel) are usually considered to be good thermal conductors, 
while those having a low thermal conductivity (such as wood) are considered to be good thermal insulators. As 
such, the transient or steady-state heat transfer by conduction through CLT is low when compared with other 
materials having higher thermal conductivity.

Charring of wood is a complex process and can be quite challenging to model. Defining thermal properties for 
every stage of pyrolysis can also be onerous. As such, commercially available finite element software packages are 
normally used for solving the differential equations. Such temperature predictions may be useful for determining 
the rate of wood charring when conducting a performance-based fire design. It should be noted that current 
thermal properties are calibrated for fire tests with standard fire exposure (CAN/ULC S101, for example) and 
should not be used for thermal analyses for other fire exposures.
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5.6.2 Experimental Temperature Profile Data for CLT Assemblies

As the use of finite element analysis may not be available to most building designers, there is experimental 
temperature profile data available for solid wood slabs. In one such generic temperature profile discussed by 
Janssens & White [47], the temperature at a distance from the char front is described by Equation 20 when  
the member behaves as a semi-infinite solid,

   [20] 

where T is the temperature (°C), Ti is the initial temperature (room temperature usually assumed to be 20°C),  
Tp is the char front temperature (300°C), x is the distance from the char front (mm) and a is the thermal 
penetration depth (mm). Based on data for eight species [48], the best fit values for the thermal penetration  
depth (a) were 34 mm for spruce with a dry density of 425 kg/m³ and 33 mm for southern pine (510 kg/m³).  
In the previous edition of Eurocode 5 (EN1995-1-2:1994), the thermal penetration depth was assigned a value  
of 40 mm. 

As a result, no temperature rise is assumed on the unexposed side until the CLT thickness is less than 35 mm or 
40 mm. The remaining CLT thickness required to keep the average unexposed temperature increase below 140°C 
(or a temperature of about 160°C at a single point) indicated by Equation 20 is 12 mm. At this thickness, the slab 
will no longer behave as a semi-infinite solid and the unexposed face will likely not be at ambient temperature. 
This implies that the required thickness to prevent a temperature rise on the unexposed side is actually greater 
than 12 mm. According to Janssens & White [47], temperature profiles in wood do not appear to be very sensitive 
to moisture content. In almost every case, conservative temperatures (i.e., slightly higher) are calculated when a 
is taken as 40 mm. The differences are minor and suggest that the profile recommended in the Eurocode is quite 
reasonable.

In order to facilitate future Code acceptance for the design of CLT panels for fire resistance, a research project 
was recently carried out at FPInnovations. The main objective of the project was to develop and validate a generic 
calculation procedure to compute the fire-resistance ratings of CLT wall and floor assemblies. A series of full-scale 
wall and floor fire-resistance experiments in accordance with CAN/ULC S101 standard time-temperature curve 
was conducted to allow a comparison between the fire resistance measured during a standard fire-resistance test 
and that calculated using the proposed alternative method. Figure 11 shows the experimental temperature profile 
data obtained from this series of tests compared to the profile obtained by using Equation 20. This illustrates that 
insulation failure is unlikely to be a concern for CLT assemblies prior to integrity or structural failure, since the 
temperatures on the unexposed side of the char front rapidly decrease to ambient.
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Temperature profile

   
   Distance from char front at end of test (mm)

Figure 11 
Experimental temperature profiles from [12] and Equation 20

The results presented in Table 5 demonstrate that the insulation requirement is easily met because temperature rise 
was very minimal on the unexposed surface. This is true even for a temperature difference across a CLT wall  
of 1020°C, where the effective reduced CLT thickness (remaining thickness) was as thin as 49 mm.

Table 5 
Maximum temperature rises at unexposed surface [12]

CLT Stress Grade and 
Thickness

Failure Time 
(min)

Effective 
Reduced 

Thickness 
(mm)

Temperature Temperature 
Rise on 

Unexposed 
SurfaceFurnace Unexposed 

Surface
Initial 

Condition

W
al

l

E2 – 114 mm (3-ply) 106 97 992°C 24°C 23°C 1°C

E1 – 175 mm (5-ply) 113 92 1015°C 21°C 21°C 0°C

V2 – 105 mm (5-ply) 57 49 1050°C 30°C 21°C 9°C

Fl
oo

r

E2 – 114 mm (3-ply) 77 (1) 105 971°C 22°C 23°C 1°C

E1 – 175 mm (5-ply) 96 105 982°C 20°C 20°C 0°C

V2 – 105 mm (3-ply) 86 56 973°C 60°C 22°C 38°C

V2 – 175 mm (5-ply) 124 89 1006°C 27°C 23°C 4°C

V2 – 245 mm (7-ply) 178 105 1049°C 30°C 20°C 10°C

(1) Test was stopped due to equipment safety concerns. Failure was not reached.
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5.7 Comparison Between Calculation Method and Experiments
As previously mentioned, FPInnovations, in close collaboration with NRCC, conducted eight fire-resistance tests 
to develop and validate a generic fire-resistance calculation procedure of CLT assemblies for Code compliance 
(detailed in Subsections 5.4 to 5.6 of this Chapter).

Different load ratios were applied depending on the number of plies and the assembly type (wall or floor). The 
assemblies were outfitted with thermocouples at five locations, embedded throughout and in the panel-to-panel 
joints, and with deflection gauges at nine locations.

Assemblies consisted of CLT panels, which were constructed of SPF No. 1, No. 2, No. 3, or machine stress 
rated (MSR) lumber boards and came from different manufacturers across Canada. The dimensions of the floor 
assemblies were 3.61 m x 4.85 m long (142 in. x 190 in.) and the wall assemblies were 3.66 mm x 3.05 m high  
(144 in. x 120 in.). All of the assemblies used a half-lapped, panel-to-panel joint that was fastened with self-tapping 
screws. The joints were also sealed during assembly, using a 6-mm bead of construction adhesive.

The panels were manufactured with a structural polyurethane adhesive conforming to the ANSI/APA PRG 320 
standard. Some of the CLT panels were fully exposed to fire (unprotected), while others were protected with  
Type X gypsum boards. Table 6 summarizes the configuration details of CLT assemblies from this test series as 
well as some additional full-scale fire-resistance tests [16, 17].

Table 6
CLT assemblies configuration details [12, 17]

CLT Stress Grade  
and Thickness

Lumber Grade in Major 
Strength Direction

Gypsum Board 
Protection (mm)

Superimposed  
Load

Load Ratio 
(LSD)

W
al

l

E2 – 114 mm (3-ply) MSR 1650Fb – 1.5E 2 x 12.7 333 kN/m 94%

E1 – 175 mm (5-ply) MSR 1950Fb – 1.7E Unprotected 333 kN/m 40%

V2 – 105 mm (5-ply) SPF No. 1/No. 2 Unprotected 72 kN/m 49%

E1 – 105 mm (3-ply) (1) MSR 1950Fb – 1.7E Unprotected 295 kN/m 95%

E1 – 175 mm (5-ply) (2) MSR 1950Fb – 1.7E 1 x 15.9 127 kN/m 15%

Fl
oo

r

E2 – 114 mm (3-ply) MSR 1650Fb – 1.5E 2 x 12.7 2.7 kPa 34%

E1 – 175 mm (5-ply) MSR 1950Fb – 1.7E Unprotected 11.8 kPa 59%

V2 – 105 mm (3-ply) SPF No. 1/No. 2 1 x 15.9 2.4 kPa 72%

V2 – 175 mm (5-ply) SPF No. 1/No. 2 1 x 15.9 8.1 kPa 100%

V2 – 245 mm (7-ply) SPF No. 1/No. 2 Unprotected 14.6 kPa 100%

Note:  
Load ratios are based on ϕFcAeff KZcKC for walls and ϕFbSeffKZbKLKrb for floors, under normal design conditions.

(1) Fire-resistance test conducted in collaboration with the Canadian Wood Council [17]. 
(2) Fire-resistance test conducted in collaboration with the American Wood Council [16].  
 Gypsum protection was applied on both sides of the CLT wall assembly.
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The observed times to fire-resistance failure are compared to calculated values in Table 7. In this table, the assigned 
fire-resistance values take into consideration the additional time needed to account for the use of gypsum board 
protection. Figure 12 shows the test data compared to fire resistances calculated using the lower of either a 
structural or integrity failure. The insulation requirement is not listed since temperatures to indicate an insulation 
failure were never reached in any of the tests, as shown in Table 5; therefore, only the structural (load-bearing) 
and integrity failure times are indicated, calculated as per Subsections 5.4 and 5.5 of this Chapter. While it can be 
observed from Figure 12 that the calculation method predictions are conservative, inherent conservatism seems 
included in the wall calculation method, mainly due to the interaction for combined bending and axial loading 
conditions. The stepped charring rate may also be too conservative for CLT walls, where potential delamination 
is less commonly observed as opposed to CLT floors. Further investigation into CLT wall charring behavior is 
warranted.

And lastly, Figure 13 compares the predicted failure times from the Canadian fire-resistance calculation method 
(i.e., as used in this Chapter) with the U.S. method indicated in the U.S. edition of the CLT Handbook. The 
predicted failure times are very similar, providing consistency on both sides of the U.S.-Canada border.

Table 7 
Comparison between experiments [12, 16, 17] and calculation method

CLT Stress Grade and Thickness
Experiments  
Failure Time  

(min.)

Canadian Calculation Methodology

Structural (min.) Integrity (min.) Assigned Fire 
Resistance (min.)

W
al

l

E2 – 114 mm (3-ply) 106 (R) 19 + 40 = 59 61 + 40 = 101 59 (R)

E1 – 175 mm (5-ply) 113 (R) 101 94 94 (E)

V2 – 105 mm (5-ply) 57 (R) 41 56 41 (R)

E1 – 105 mm (3-ply) (1) 32 (R) 17 56 17 (R)

E1 – 175 mm (5-ply) (2) 186 (R) 117 + 30 = 147 94 + (2x30) = 154 147 (R)

Fl
oo

r

E2 – 114 mm (3-ply) 77 (3) 41 + 40 = 81 61 + 40 = 101 81 (R)

E1 – 175 mm (5-ply) 96 (E) 104 94 94 (E)

V2 – 105 mm (3-ply) 86 (E) 31 + 30 = 61 56 + 30 = 86 61 (R)

V2 – 175 mm (5-ply) 124 (E) 95 + 30 = 125 94 + 30 = 124 124 (E)

V2 – 245 mm (7-ply) 178 (R) 106 131 106 (R)

(1)  Fire-resistance test conducted in collaboration with the Canadian Wood Council [17].
(2)  Fire-resistance test conducted in collaboration with the American Wood Council [16].  
 Gypsum protection was applied on both sides of the CLT wall assembly.
(3)  Test was stopped due to equipment safety concerns. Failure was not reached.

(R) = Structural failure (mechanical resistance)

(E) = Integrity failure (panel-to-panel joints)
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Figure 12
Comparison between experiments [9, 13, 14] and the calculation method
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Figure 13 
Comparison between the revised Canadian method and the U.S. method
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5.8 Composite CLT/Concrete Structure
Composite structures made from timber/concrete are becoming more and more popular, especially for long span 
floor systems as well as to provide enhanced serviceability and acoustic performance. Usually, the concrete would 
mainly be stressed in compression while the timber would be stressed in tension. The composite structure may be 
either a concrete slab connected to a massive timber slab, such as CLT (i.e., a “sandwich” assembly) or a concrete 
slab connected to timber beams (e.g., a T-shaped cross-section). Typically, the composite action between the 
materials is provided by shear connector plates or discrete fasteners, such as bolts and screws (Figure 14). 

     

Figure 14 
Examples of a composite CLT/concrete floor structure

While further research is required to better understand the fire behavior of these hybrid systems, full-scale 
experiments on composite timber-concrete assemblies by Frangi et al. [49] and O’Neil et al. [50] showed that 
their structural fire resistance can easily be calculated using the reduced cross-section of the timber components. 
The fire-resistance methodology described through Sections 5.4 to 5.6 may thereby be applicable. As mentioned 
in Subsection 5.5.2 of this Chapter, it is assumed that the integrity criteria will not be reached, since the concrete 
topping will prevent flame penetration through the assembly and the joint coefficient (Kj) may then be set to unity.

As the behavior of composite timber-concrete structures is governed by the shear connection between the 
materials, it is also essential that heat transfer through the assembly be sufficiently limited so as not to affect 
the shear connectors (including adhesive, if used). Also, as with structural design under normal conditions, 
calculations of new sectional properties (due to an upward shift of the neutral axis) and applied stress are required.
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Acoustic
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5.9 Floor Design Example
The following floor design example follows the steps listed above for determining whether the fire resistance of 
an exposed 5-ply CLT floor assembly meets the hypothetically required fire-resistance rating of 1 hour. The floor 
assembly has the following specifications:

- 5-ply CLT floor panel made from 35 X 89-mm lumber boards (thickness of 175 mm)
- V2 CLT grade as per ANSI/PRG 320
- Floor span = 6.1 m (20 ft.)
- Major strength direction plies 
  • fb,0 = 11.8 MPa 
  • E0 = 9 500 MPa 
  • Specific gravity = 0.42 (4.2 kN/m³) (per CSA O86-09, Table A.10.1)
- Minor strength direction plies 
  • fb,90 = 7.0 MPa 
  • E90 = 9 000 MPa 
  • Specific gravity = 0.42 (4.2 kN/m³) (per CSA O86-09, Table A.10.1)
- Adhesive in accordance with ANSI/PRG 320 requirements
- Panels are connected using a half-lapped joint as per Figure 10
- Applied load of 2.4 kPa (live)
- Induced bending moment represents a load ratio of 57% (normal conditions).

5.9.1. Calculation of the Load-Bearing Function after 1 Hour of Standard Fire Exposure

Step 1: Calculation of the effective char depth 
The effective char depth may be directly obtained from Table 2 and is equal to 51 mm for 35-mm thick laminates 
after 1 hour of standard fire exposure.

 
Step 2: Determination of the effective reduced cross-section 
The effective reduced cross-section is then calculated using Equation 5.

In this floor design example, hfire falls within a ply of the minor strength direction (i.e., within the 2nd ply from the 
exposed side); therefore, only the 3rd and 5th plies (from the exposed side) may be considered, providing a total 
effective reduced thickness of 105 mm. 
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Step 3: Find location of neutral axis and section properties of the effective reduced cross-section 
Since the V2 CLT grade is of a symmetrical lay-up in accordance with ANSI/PRG 320, the simplified Equations 7 
and 9 may be used to determine the neutral axis and the moment of inertia of the effective reduced cross-section. 
Calculations are made for a unit width of CLT panel (1000 mm). The 3rd ply centroid is located at 87.5 mm from 
the unexposed side.

Step 4a: Calculation of the factored bending moment resistance 
Using the effective reduced cross-section determined in Step 2 and ignoring any contribution to the strength 
provided by the cross-plies (i.e., minor strength direction), the factored bending moment resistance of the CLT 
floor assembly may be determined using the basic procedure described with Equations 11 and 12.

 

 

The applied specified loads are as follows: 

The induced bending moment in the fire-resistance design is then equal to:
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The induced bending moment represents a load ratio of 48% of the reduced cross-section capacity after 1 hour of 
fire exposure and, therefore, the CLT floor assembly meets the required 1-hour fire resistance under these loads, 
span, and CLT grade and configurations.

5.9.2 Calculation of the Separating Function after 1 Hour of Standard Fire Exposure

The separating function of the CLT floor assembly is determined by using Equation 18 as follows:

It is noted that assuming a concrete topping is added on top of the CLT panels, the joint coefficient (Kj) may 
be taken as unity, as the integrity fire resistance would be 269 min., which may, in some situations, change the 
calculated failure mode from integrity to structural, or vice-versa.

From the calculated fire resistance of this particular CLT floor assembly (load-bearing and separating functions), 
the CLT panels could then be left exposed from underneath (ceiling), provided they also meet other fire-related 
provisions from Part 3 of Division B of the NBCC (e.g., flame spread rating).

5.10 Wall Design Example
The following wall design example follows the steps listed above for determining whether the fire resistance of a 
5-ply CLT wall assembly meets the hypothetically required fire-resistance rating of 2 hours. The wall assembly has 
the following specifications:

- 5-ply CLT wall panel made from 35 x 89 mm lumber boards (thickness of 175 mm)
- E1 CLT grade as per ANSI/PRG 320
- Wall height = 3.66 m (12 ft.)
- Major strength direction plies 
  • fb,0 = 28.2 MPa  
  • fc,0 = 19.3 MPa 
  • E0 = 11 700 MPa 
  • Specific gravity = 0.42 (4.2 kN/m³) (per CSA O86-09, Table A.10.1)
- Minor strength direction plies 
  • fb,90 = 7.0 MPa 
  • E90 = 9 000 MPa 
  • Specific gravity = 0.42 (4.2 kN/m³) (per CSA O86-09, Table A.10.1)
- Adhesive in accordance with ANSI/PRG 320 requirements
- Panels are connected using a half-lapped joint as per Figure 10
- Panels are protected by one layer of 15.9 mm Type X gypsum board on both sides
- Applied load of 350 kN/m (live)
- Induced axial load represents a load ratio of 49% of the factored axial compression capacity and 71%  
 of the bearing capacity (normal conditions).

5.10.1 Calculation of the Load-Bearing Function after 2 Hours of Standard Fire Exposure

Since the protective membrane provides 30 min. before the onset of charring of the CLT panels in accordance 
with Subsection 5.4.2 of this Chapter, the structural fire-resistance calculation is made for a fire exposure of only 
90 minutes.
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Step 1: Calculation of the effective char depth 
The effective char depth may be directly obtained from Table 2 and equals 72 mm for 35-mm thick laminates after 
1.5 hours of standard fire exposure.

Step 2: Determination of effective reduced cross-section 
The effective reduced cross-section is then calculated using Equation 5.

In this wall design example, hfire falls within a ply of the major strength direction (i.e., within the 3rd ply from the 
exposed side); therefore, only a portion of the exposed ply (33 mm) and the complete 1st unexposed ply are used to 
calculate the residual strength of the CLT in this example. 

Step 3: Find location of neutral axis and section properties of the effective reduced cross-section 
Since the E1 CLT grade is of a symmetrical lay-up in accordance with ANSI/PRG 320, the simplified Equations 7 
and 9 may be used to determine the neutral axis and the moment of inertia of the effective reduced cross-section. 
Calculations are made for a unit width of CLT panel (1000 mm). The 3rd ply centroid is located at 86.5 mm from 
the unexposed side.
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Step 4b: Calculation of factored compressive resistance parallel to grain 
Using the effective reduced cross-section determined in Step 2 and ignoring any contribution to the strength 
provided by the cross-plies (i.e., minor strength direction), the factored compressive resistance parallel to the grain 
of the CLT wall assembly may be determined by using the basic procedure described from Equations 13 to 16.

 

  (based on initial cross-section)

 

 

 

 

 

 

  
The applied specified axial loads are as follows: 

 

(based on initial cross-section)
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As mentioned in Subsection 5.4.1 of this Chapter, a CLT wall assembly is subjected to second-order effects (i.e., 
P-Δ effects) due to the charring of the fire exposed surface (Figure 9). As such, it is strongly recommended that the 
fire resistance of a CLT wall assembly be calculated using the procedures for combined bending and axial loading, 
as shown in Equation 17.

 

The deflections generated from P-Δ effects may be determined as follows:
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The induced combined bending moment and axial compression represents a load ratio of 84% of the reduced 
cross-section capacity after 90 minutes of standard fire exposure; therefore, the CLT wall assembly meets the 
required 2-hour fire resistance under these loads, wall height, CLT grade and configurations as well as with  
a 15.9-mm Type X gypsum board protective membrane on both sides.

5.10.2 Calculation of the Separating Function after 2 Hours of Standard Fire Exposure

The separating function of the CLT wall assembly is determined by using Equation 18 as follows:

 
According to Subsection 5.5.2 of this Chapter, a directly applied 15.9-mm Type X gypsum board will provide an 
extra 30 minutes to the integrity fire resistance of unprotected CLT assemblies by delaying the time of ignition of 
the CLT panels underneath; therefore, the use of such a protective membrane would provide a CLT floor assembly 
with a 2-hour fire-resistance rating (94 min. + 30 min. = 124 min. → 2 hours). Moreover, when the unexposed 
side of a half-lapped joint is backed by other means such as gypsum board to prevent flame penetration, the joint 
coefficient (Kj) may be considered to be unity. 
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As described in Chapter 5 of this Handbook, there is a wide variety of fasteners and many different types of joint 
details that may be used to establish roof-to-wall, wall-to-floor, and inter-storey connections in CLT assemblies or 
to connect CLT panels to other wood-based elements, or to concrete or steel in hybrid construction. While long, 
self-tapping screws are typically recommended by CLT manufacturers and are commonly used for panel-to-panel 
connections in floors (as per Figure 10) and floor-to-wall assemblies, traditional dowel-type fasteners, such as 
wood screws, nails, lag screws, rivets, bolts and dowels, may also be effectively used in connecting panel elements.

Connections in post-and-beam timber construction, including those built with CLT, play an essential role 
in providing strength, stiffness, stability, ductility, and structural fire resistance. Moreover, connections using 
metallic fasteners, such as bolts, dowels, and steel plates or brackets, are widely used to assemble massive timber 
components or CLT panels and to provide an adequate load path for gravity and/or lateral loads; consequently, 
these connections require attention by designers to ensure that these are not the weak link in heavy timber 
buildings exposed to fire.

Performance of timber connections exposed to fire may be quite complex due to the influence of numerous 
parameters, such as the type of fasteners, the geometry of the connection, different failure modes as well as 
different thermal conductivity properties of steel, wood and char layer components. As such, most building codes, 
including the NBCC, do not provide a specific fire design methodology for determining the fire performance  
of timber connections. 

Due to the high thermal conductivity of steel, metallic fasteners and plates directly exposed to fire may heat up  
and conduct heat into the wood members. The wood components may then experience charring on the exposed 
surface and around the fastener. As a result, the capacity of a metallic connection is reduced to the strength 
reduction of the steel fasteners at elevated temperatures and the charring of the wood members [8, 51-58]; 
therefore, where a fire-resistance rating is required by the NBCC, connections and fasteners are required to be 
protected from fire exposure by wood, gypsum board or other protection approved for the required rating.

However, some connections are not vulnerable to the damaging impact of fire. For example, a CLT wall-to-floor 
connection used to resist wind or seismic load, as shown in Figure 15, will not be significantly impacted by fire. 
Nevertheless, connections used to resist gravity loads, as shown in Figure 16, may require some special 
considerations for increasing their resistance to fire exposure from underneath.

6 
CONNECTIONS



CHAPTER 8  Fire 
  44REVISED: JULY 2014

Figure 15 
Examples of connections seen in CLT platform construction (do not require protection)

Figure 16 
Examples of connections seen in CLT balloon construction (may require protection)

To improve aesthetics, designers often prefer to conceal connection systems. Hidden metal plates similar to those 
shown in Figure 17 may be used, but they require machining to produce grooves in the CLT panel to conceal the 
metal plates.

When the connections are used in fire-retardant or preservative treated wood, recommendations with regard 
to types of metal fasteners need to be obtained from the chemical manufacturer, since some treatments cause 
corrosion of certain metals.

 
Figure 17 
Concealed metal plates

It is advisable to review the recommendations in Chapter 5 of this Handbook with respect to proper detailing  
of connections in CLT assemblies.
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The spread of flames over solid materials is a fundamental behaviour influencing fire dynamics and growth within 
a compartment; therefore, many provisions in the NBCC limit the use of combustible interior finishes, such as 
the interior wall and ceiling finish as well as the interior floor finish. The concept of flame spread rating (FSR) is a 
second fire protection measure allowing fire management by controlling the rate of fire growth, as shown in Figure 1.

The rate of fire growth will depend on the time it will take a flame to spread from the point of origin (i.e., ignition) 
to involve an increasingly large area of combustible material [59]. Factors influencing a material’s thermal response 
are, among others, the material’s thermal conductivity, heat capacitance, thickness, and blackbody surface 
reflectivity. An increase in the values of these properties usually corresponds to a decrease in the rate of flame 
spread [60]. Previous studies and results presented in White et al. [61] suggest that there is a relation between 
the time to reach flashover conditions in an ISO 9705 room/corner fire test [62] and the ASTM E84 [63] flame 
spread indices of materials, where longer times to flashover conditions were observed in rooms lined with materials 
exhibiting low flame spread indices.

Once a fire is ignited, the rate at which it grows has a significant impact on the life safety of occupants and 
the time available to evacuate. This is directly influenced by the surface flammability of building contents and 
materials; consequently, Division B of the NBCC limits the allowable flame spread rating and smoke development 
class (SDC) of interior finishes based on the location, building occupancy and availability of an automatic fire 
suppression system. These provisions are set forth in Part 3 of Division B of the NBCC and are intended to 
limit the spread of fire and products of combustion through a building in a manner that allows safe egress of the 
occupants and limits the damage to the building in which the fire originated. 

7.1 Test Method – CAN/ULC S102
In Canada, the flame spread rating (FSR) of a material, assembly or structural member is determined on the basis 
of no less than three standard fire tests conducted in conformance with CAN/ULC S102 [64]. Some construction 
materials may be assigned an FSR in generic terms, such as in the case of gypsum board and most softwood lumber 
species, based on historical data, which are specified in Appendix D-3 of the NBCC. Results of FSR testing on 
proprietary materials are usually available from accredited fire testing laboratories.

The primary purpose of the test is to determine the comparative burning characteristics of the material or assembly 
under test by evaluating the flame spread over its surface when exposed to a test fire. The test method attempts to 
establish a basis on which surface burning characteristics of different materials or assemblies may be compared, 
without specific considerations of all the end-use parameters that might affect these characteristics. Flame spread 

7 
INTERIOR FINISH
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rate and smoke density are recorded as dimensionless in this test, and there isn’t necessarily a relation between 
these two measurements. The test method is only a means of evaluating the response of materials, products or 
assemblies to a particular fire exposure under controlled laboratory conditions and may not reflect the relative 
surface burning characteristics of tested materials under all building fire conditions.

The CAN/ULC S102 standard test method, also called the “Steiner Tunnel” test, exposes a 7.32 m x 508 mm 
(nominal 24 ft. long x 20 in. wide) specimen to a controlled air flow of 1.2 ± 0.025 m/s and flaming fire exposure 
of 90 kW. The furnace consists of a test chamber having inside dimensions of 450 mm in width and 300 mm in 
depth (Figure 18). In a successful calibration of the test parameters using an 18-mm thick red oak flooring sample 
conditioned to 7% moisture content, the flame reaches the end of the tunnel and the vent-end thermocouple registers 
a temperature of 527°C in 5.5 ± 0.25 minutes. Such a calibration assigns a benchmark FSR of 100 to the red oak 
specimen.

Figure 18 
CLT flame spread tests conducted at Intertek in Coquitlam, BC

 7.2 Flame Spread Rating of CLT
In order to evaluate the surface burning characteristics of fully exposed massive timber assemblies, flame spread 
tests on CLT assemblies have been conducted in accordance with the CAN/ULC S102 test method (Figure 19).

       
 a) CLT before the CAN/ULC S102 test b) CLT during the CAN/ULC S102 test

Figure 19
CLT specimen (fully exposed) in a CAN/ULC S102 test
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Test results provide low flame spread ratings when compared to those of common combustible interior finish 
materials listed in Appendix D-3 of NBCC. The flame spread values for the 3-ply CLT specimens are indicated in 
Table 8.

Table 8 
Flame spread test results for 3-ply CLT specimens [65, 66]

CLT Assembly Flame Spread Rating Smoke Developed 
Classification

SPF – E1 Stress grade (min. 105 mm) 35 40

SPF – V2 Stress grade (min. 99 mm) 40 30

 
The use of materials that exhibit flame spread ratings that are lower than typical combustible interior finish 
materials would result in a reduced “risk” of ignition and a potentially longer time to flashover conditions, 
depending on the configuration of the room of fire origin. In such cases, this reduced risk would make it possible 
to achieve the NBCC objectives and functional statements [F02 – OS1.2, OP1.2] when developing an alternative 
solution.

7.3 Fire-Retardant Treatment and CLT
Wood products may be treated with fire retardants to improve their fire performance, for example, by delaying 
time to ignition, reducing heat release rate and lowering flame spread ratings. Such fire retardant treatments 
(FRT) may also reduce the smoke developed classification of FRT wood and wood-based products. While FRT 
enhances the flame spread performance of wood and wood-based products, such treatments do not make them 
non-combustible materials.

There are two types of FRT: 1) surface coatings and 2) pressure-impregnated chemicals. There are also two 
objectives for treating wood products with fire retardant chemicals. One objective is to take advantage of some 
provisions in the NBCC, where fire retardant-treated wood (FRTW) may be used in lieu of non-combustible 
construction. The other objective is to meet requirements set forth in Division B of the NBCC for a specified 
FSR. The term “fire retardant-treated wood” in the NBCC is limited to wood that has been pressure impregnated 
in conformance with CSA O80 [67] series and that exhibits an FSR of no more than 25 when tested per  
CAN/ULC S102.

CLT components treated to meet FRTW specifications are not expected to be available in the near future. The 
wood industry currently does not recommend the use of fire retardant treatments of glulam. This is likely due to 
the potential effects of proprietary treatments on the mechanical properties and performance of the adhesives.

Should CLT components be subjected to pressure-impregnated, fire-retardant treatments, the effects on 
mechanical properties will need to be addressed in the design. The tabulated specified strength values published in 
CSA O86 are for untreated members. Reference-specified strength values, including connection strength values, 
for lumber and CLT pressure-treated with fire retardant chemicals, should be obtained from the manufacturer 
providing the treatment.
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In addition to pressure impregnated treatments, fire retardant surface treatments may also be used to address 
interior finish requirements that are more restrictive than the flame ratings for untreated wood. Surface treatments, 
including clear intumescent coatings, allow designers to use unprotected CLT (e.g., without gypsum board or 
other cladding), while achieving the more restrictive finish rating requirements. While Division B of the NBCC 
permits the use of coatings to address the finish rating requirements, field application of these coatings and 
questions of durability in certain applications may create difficulties in its acceptance in new construction by the 
authorities having jurisdiction. Flame spread tests conforming to CAN/ULC S102 on a 3-ply (105-mm) CLT 
initially protected by an intumescent coating demonstrated that an FSR of 25 may be achieved [65]. However, 
as surface treatment products are proprietary in nature, this low FSR may not be achievable for all treatment 
products available on the market, even if they claim to achieve such a low rating when tested on thin wood  
planks or structural panels (e.g., OSB). It is strongly recommended that proper test data be obtained from  
the manufacturers before specifying that such products comply with NBCC provisions.

It should be noted that pressure impregnated fire-retardant treatments are marketed to reduce the FSRs and 
provide lower flammability performance. Such fire-retardant treatments do not have an appreciable effect on 
the charring rate, which is an important parameter in assessing fire resistance. They are not used to improve fire 
resistance. 

In an attempt to evaluate the effect of surface treatments (e.g., intumescent coatings) on fire resistance, full-scale 
fire-resistance tests have been conducted on 3-ply (105-mm) CLT wall assemblies. Surprisingly, the treated 
CLT assembly failed earlier than the untreated CLT wall assembly [17]. The difference was not that significant, 
but one explanation for such a variance may be that by the time the intumescent coating had degraded and no 
longer provided its thermal insulation, the furnace temperature (i.e., heat flux emitted to the CLT surface) was 
significantly greater. At that point, the uncharred wood ignited and burned faster than usual (at a rate much higher 
than 0.65 mm/min.), thereby reducing the effective cross-section more quickly. Further research is required to 
properly evaluate the effect of surface coatings on charring rate (i.e., fire resistance) on timber assemblies.

7.4 Use of Other Membrane Products to Address 
Interior Finish Requirements
The most common method for addressing FSR and SDC interior finish requirements is the installation of gypsum 
board. According to Table D-3.1.1.A of the NBCC, gypsum board has an FSR of 25. For situations where there 
is no fire-resistance rating requirement, the gypsum board can be regular or non-fire-rated gypsum board. When 
used to address fire-resistance requirements, the gypsum board will need to be fire-rated as either Type X or 
Type C. Likewise, the interior finish requirements for a low FSR may also be addressed by decorative hardwood 
plywood panels, particleboard, or medium-density fiberboard panel products that have been treated with  
fire-retardant chemicals to achieve an FSR of no more than 25.

7.5 Automatic Fire Sprinklers
Automatic fire sprinklers are an important fire safety feature in any building. For certain buildings and 
occupancies, the NBCC will require the installation of an approved automatic fire sprinkler system. As previously 
discussed, the inclusion of an approved automatic fire sprinkler system in a building may provide benefits in terms 
of allowable heights and areas as well as in terms of lower fire-resistance requirements for building elements.  
The applicable standards for automatic fire sprinkler systems are NFPA 13, 13R and 13D [68-70]. 
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8.1 Fire-Stopping Building Elements and Assemblies
Fire stop systems are intended to ensure the integrity of a fire compartment by maintaining the fire-resistance 
rating of the floor and/or wall assemblies that they penetrate or at construction joints. Subsection 3.1.9 of  
Division B of the NBCC prescribes penetrations of an assembly to be sealed by a fire stop system that has been 
tested in accordance with CAN/ULC S115 [71].

When required, fire stops need to provide an F- or FT-rating no less than the fire protection rating for closures  
in the fire separation set forth in Table 3.1.8.4 of Division B of the NBCC. An F-rating may be defined as the time 
period that the through-penetration fire stop system limits the spread of fire through the penetration. It is noted 
that T-ratings (based on temperatures on the unexposed side of the penetration) are typically prescribed only  
for firewalls and other separations between buildings.

8.2 Fire Stop Systems in CLT Construction
There are numerous fire stop systems that are already approved for use with concrete and/or light-frame 
construction (Figure 20). Both of these types of construction have similarities to CLT assemblies, where concrete  
is massive and typically does not have void cavities, and light-frame contains wood elements. Provided that 
material compatibility is confirmed and that the fire stop is not located in the potential char layer during 
fire exposure, it may be demonstrated that many concrete slab fire stop systems are suitable for timber slab 
penetrations. A literature review on this matter—carried out by CHM Fire Consultants Ltd., on behalf of 
FPInnovations—covering research conducted in Europe, demonstrates that fire stop systems currently used in 
reinforced concrete and light-frame construction may be used with success in solid wood construction [72]. 
Additional information may also be found in an Austrian planning brochure [73]. Yet, due to the proprietary 
nature of most fire stop systems, it is recommended that a qualified fire protection engineer undertake or oversee 
the design and use of fire stop systems in CLT construction.

8 
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 a) Fire stop sealant  b) Membrane protection 
 in a through-penetration in a partial penetration
   

Figure 20 
Examples of through- and partial penetration in CLT assemblies

While very little information is available on the fire performance of fire stops used in CLT assemblies with partial 
or full penetrations or at construction joints, FPInnovations participated in a recent test series of fire-stopped CLT 
assemblies in accordance with CAN/ULC S115. The test series evaluated various fire-rated joint fillers (caulking) 
and sealing tapes commercially available and approved for concrete assemblies (Figure 21). The results showed that 
a 90-min. and 120-min. fire resistance may be achieved even with mass timber elements, provided that the charred 
layer does not interfere with the fire stop system. For instance, the penetration of metal pipes should be properly 
insulated to avoid excessive heat transfer from to the pipe to the CLT, which may lead to charring around the 
opening. While this information has not yet been published and research is still ongoing, FPInnovations will be 
publishing these results in the near future.

                                       

Figure 21 
Examples of fire stop systems evaluated for CLT joint assemblies

Further research needs to be carried out in order to adequately investigate the fire performance of fire stop systems 
in massive timber construction. Engineering judgment may also be requested from fire stop manufacturers on a 
project-by-project basis.
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βo = one-dimensional charring rate (mm/min.)

Δf = deflection due to out-of-plane loading (bending) (mm)

ϕ = resistance factor as per CSA O86 (considered to be 1.0 for fire-resistance design)

ρ = density of material (kg / m³)

a = thermal penetration depth, Equation 20 (mm)

achar,eff = effective char depth (mm)

bi = unit width of the CLT panel (typically 1 m or 1,000 mm)

c = specific heat of material used for heat transfer calculations ( J / kg·K)

d = thickness of laminates (mm)

di = distance from the neutral axis to the centroid of ply i (mm)

do = zero-strength layer thickness (mm)

fb = specified bending strength as per CSA O86 (MPa)

fc = specified strength in compression parallel to grain as per CSA O86 (MPa)

ft = specified strength in tension parallel to grain as per CSA O86 (MPa)

fv = specified strength in shear as per CSA O86 (MPa)

h = initial cross-section depth of the CLT panel (mm)

hfire = effective reduced cross-section depth (mm)

hi = remaining depth of ply i (mm)

kx,y,z = thermal conductivities in x, y, z directions for heat transfer calculations (W / m·K )

t = fire exposure time (hours or minutes)

tIns = fire-resistance, insulation requirement (hours or minutes)

tInt = fire-resistance, integrity requirement (hours or minutes)

tstruc = fire-resistance, structural requirement (hours or minutes)

x = distance from the char front, Equation 20 (mm)

9 
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y ̅ = distance from the unexposed surface of the panel to the neutral axis (mm)

y ̃  i = distance from the unexposed surface of the panel to the centroid of ply i (mm)

Aeff = area of the effective initial cross-section (mm²)

Aeff,fi = area of the effective reduced cross-section (mm²)

Atot = total area of the initial cross-section (mm²)

Atot,fi = total area of the effective reduced cross-section (mm²)

CC = slenderness ratio of the initial cross-section

CC,,fi = slenderness ratio of the effective reduced cross-section

D = specified dead load (kPa or kN/m)

E = specified modulus of elasticity of the ply that sustains the greatest tensile stress, typically Ei (MPa)

E05 = modulus of elasticity (5th percentile) of the ply that sustains the greatest tensile stress,  
 for design of  compression members (MPa)

Ei = modulus of elasticity of the ply i in the major strength axis (MPa)

E90,i = modulus of elasticity of the ply i in the minor strength axis (MPa)

EIeff = effective bending stiffness of the initial cross-section (N·mm²)

EIeff,fi = effective bending stiffness of the reduced cross-section (N·mm²)

Fb,fi = fb (Kfi Kd KH KSb KT)

G0i = shear modulus of the ply i in the major strength axis (MPa)

G90,i = shear modulus of the ply i in the minor strength axis (MPa)

Ieff = effective moment of inertia of the initial cross-section (mm4)

Ieff,fi = effective moment of inertia of the reduced cross-section (mm4)

KC = slenderness factor for compression members as per CSA O86

KC,fi = slenderness factor for compression members in fire-resistance design

KD = load duration factor as per CSA O86

Kfi = strength adjustment factor for fire-resistance design as per Table 3

KH = system factor as per CSA O86

Kj = CLT panel-to-panel joint coefficient, Equation 18

KL = lateral stability factor for bending members as per CSA O86

KN = notch factor as per CSA O86

KS = service condition factor as per CSA O86

KSc = service condition factor for compression parallel to grain as per CSA O86

KSE = service condition factor for modulus of elasticity as per CSA O86

KT = treatment factor as per CSA O86

KZb = size factor for bending as per CSA O86

KZc = size factor for compression as per CSA O86

KZt = size factor for tension as per CSA O86

KZv = size factor for shear as per CSA O86
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L = specified live load (kPa or kN/m)

L = CLT wall panel length, Equation 14 (m)

Le = effective length, typically equal to the unbraced height of the CLT wall (mm)

Mf = maximum induced factored moment in fire-resistance design, Equation 12 (N·mm)

Mr,fi = factored bending moment resistance in fire-resistance design (N·mm)

PE,fi =  

Pf = maximum induced axial compressive force in fire-resistance design, Equation 12 (N)

Pr,fi = factored compressive resistance parallel to grain for fire-resistance design (N)

Q ̇ = rate of heat consumption per unit volume due to chemical reaction (W / m³)

Rfi = factored design capacity adjusted to average ultimate capacity

Seff = effective section modulus of the initial cross-section (mm³)

Seff = effective section modulus of the reduced cross-section (mm³)

T = temperature (°C or K)

Ti = initial temperature (°C)

Tp = char front temperature (°C)

∂T ⁄ ∂t = temperature as a function of time t (K / s)

∂T ⁄ ∂x = temperature in the x-direction (K / m)

∂T ⁄ ∂y = temperature in the y-direction (K / m)

∂T ⁄ ∂z = temperature in the z-direction (K / m)
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