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Foreword

This book Fire Safe Use of Wood in Buildings — Global Design Guide is a
welcome addition to the fire safety literature. It seeks to provide guidance
and insights into the use of wood in construction, including fire science and
international regulatory information. Because the volume focuses on areas
where wood directly impacts fire performance and fire hazards, readers
will also need to refer to more general guidance documents to complete the
design of any project involving wood in the construction.

All forms of wood products from traditional use of dimensional lumber
to modern wood products are covered in the volume. The role of wood
included in the guide ranges from interior finishes to structural elements.
The volume does not treat wood included in the mobile fire load, though
fire loads in buildings are dominated by wood products in general. The
volume includes excellent citations to the fire science and building litera-
tures, so it is valuable as a gateway to the greater literature on the use of
fire performance of wood in buildings. The guide makes excellent use of
photographs to illustrate wood products and their use in construction.

The use of wood as a building material has a long history. The use of
wood as a structural material in residential construction is traditional in
many countries, as is the use of wood as exterior siding, roof coverings
and interior finishes. The volume treats these traditional uses of wood.
However, the real focus of the volume is on innovative use of wood and
wood products as structural materials in larger buildings. The guide does
a good job of addressing the contributions of wood construction to the fire
load as well as the impact of fire on the wood structural assemblies.

The guide treats both the fire endurance of structural assemblies as well
as means of preventing fire spread within the structure via fire-rated separa-
tion assemblies and penetration protection. It covers the effects of charring
on structural members as well as encapsulation methods to delay or prevent
the onset of charring of the members. It also addresses the design and fire
performance of connections of wood assemblies.

Much of the fire science information is included in the chapter “Fire
Dynamics,” with some aspects of ignition, flame spread, burning rate and
smoke/toxic gas production are included in the chapter “Reaction to Fire

Xi



xii Foreword

Performance.” While the chapter includes information about the generation
of carbon monoxide by wood products, it lacks any information on hydro-
gen cyanide products which arise out of the use of adhesives in modern
wood products.

This guide includes a range of calculational approaches to the determina-
tion of fire performance of wood products and assemblies, ranging from the
simple to the computer based. While the treatment of advanced methods
is necessarily limited, it provides an entry point for designers to further
pursue mastering such methods. The guide is straightforward about what is
and what is not well understood, providing summaries of areas that require
additional research. This is valuable to readers at all levels of expertise.

The treatment of regulatory requirements for wood in construction is
decidedly international in scope. The treatment includes the test methods
used throughout the world and the required performance in these tests.
While the guide is not a substitute for a good knowledge of the local regu-
latory system requirements, the treatment of regulatory requirements will
assist those who are already familiar with local requirements for all build-
ings, but who lack specific experience with wood. It is also most useful to
understand the diversity of requirements around the world and the differing
approaches in achieving fire safety by fire regulations.

While active fire protection measures are addressed in the guide, the
guidance is primarily on sprinklers. Topics like detection and alarm, and
smoke management are merely touched upon. Sprinklers are treated as hav-
ing an important role in timber buildings.

The chapter “Risk and Performance-based Design” gives a good general
introduction to the topic. It provides specific information and approaches
useful for timber buildings. As this remains an emerging area of fire safety
design, the chapter serves as an entry point to the subject for those who may
wish to pursue improving their skills in this area and provides good con-
text for the use of performance-based design approaches in timber build-
ings that is useful to a general audience. The chapter “Robustness in Fire”
continues to develop approaches to enhance the structural robustness of
fire designs for timber buildings. It is valuable in instructing the reader on
the vulnerabilities of all individual systems and how to use a multi-faceted
approach to achieve the desired fire performance.

Finally, the guide treats two aspects of timber buildings that are both
important and often overlooked. Fire safety during construction presents
definite challenges when wood is exposed in ways it will not be in the com-
pleted structure and when active fire protection measures are not yet in
place. In addition, the construction process introduces potential ignition
sources that would be uncommon in completed buildings. The other aspect
treated in the guide is firefighting in timber buildings. All building designers
need to be cognizant of how firefighting will be conducted in their building
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so that such operations are properly supported by the design of the building
and the construction process.

The authors and editors are to be congratulated on the production of
this very important guide that should be read and understood by anyone
engaged in the design, development and maintenance of timber buildings.
It introduces the wide range of issues that need to be addressed in timber
buildings and provide an excellent gateway into the technical literature on
the various topics discussed.

Craig Beyler
April 2022
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Introduction

OBJECTIVES

The past few decades have seen renewed worldwide interest in timber as
a structural and architectural material for many types of buildings. There
are many incentives for the increased global demand for timber buildings,
including aesthetics, sustainability, prefabrication, construction speed,
economy and seismic performance.

On the other hand, there are a number of issues being raised about the
use of timber as a structural material. Because wood is relatively lightweight
and a natural biomaterial, there are some concerns such as durability and
acoustic performance of timber buildings, especially fire safety of timber
buildings compared with buildings of non-combustible materials.

Modern engineered wood products can now be used to construct large
and complex timber buildings. Contemporary engineering techniques are
enabling construction of timber buildings that were once only possible
using concrete and steel. This is pushing the boundaries of modern fire
codes and the basis on which they were founded.

Concern about the fire safety of timber buildings is understandable
because it is well known that exposed wood surfaces can contribute to the
early stages of a fire and can add to the fuel load in the later stages of the
fire. There are also questions about issues such as fire separations, flaming
from windows and extinguishment of smouldering wood as the fire goes
out. Despite these concerns, well-designed timber buildings can be just as
safe as buildings of traditional materials.

BACKGROUND

This book uses the latest scientific knowledge to give guidance on the
extended use of design codes and standards and principles of performance-
based design to provide practical guidance with examples for fire safe design
of timber buildings. Reference is made to recent international codes for fire
safety, including Eurocode 5 and other similar codes.

XV
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The guide includes structural fire design by providing the latest detailed
guidance on separating and load-bearing functions of timber structures.
It also includes information on the reaction to fire performance of wood
products according to different classification systems. The importance of
proper detailing in building design is stressed by giving practical examples.
Active measures of fire protection and quality of construction workman-
ship and inspection are presented as important means for fulfilling fire
safety objectives.

The core audience is all those involved in the fire safety of timber build-
ings, including architects, engineers, firefighters, educators, regulatory
authorities, insurance companies and others in the building industry.

The authors would be pleased to see this guide used in the future develop-
ment of new fire safety regulations around the world.

HISTORY

This design guide has grown out of an earlier European guide, Fire Safety
in Timber Buildings — Technical Guideline for Europe, edited by Birgit
Ostman (2010). Since that time, an informal international group known
as the FSUW (Fire Safe Use of Wood) group has maintained regular com-
munication to discuss problems and solutions of timber buildings in dif-
ferent countries, led by Birgit Ostman, and promoted by Andrea Frangi.
The deliberations of this group, under the chair of Michael Klippel, led to
a proposal to write this Global Design Guide, which has been written over
the last two years despite the difficulties of the COVID-19 pandemic.

ORGANISATION OF THIS DESIGN GUIDE

The chapters in this design guide are summarised briefly below. Some of
the chapters or technical information can be skipped by readers looking for
guidance on specific topics.

Chapter 1 gives an overview of wood-based materials and construction
techniques.

Chapter 2 is a summary of design principles for providing fire safety in
all buildings, with particular attention to timber construction.

Chapter 3 introduces the fire dynamics of burning wood, moving from
basic physics to compartment fires, and calculation methods for
assessing the contribution of exposed wood to the fuel load.

Chapter 4 gives a summary of international regulations for the fire safe
use of structural timber elements and visible wood surfaces in interior
and exterior applications, presented in tables and maps.
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Chapter 5 describes the systems used for compliance with prescriptive
regulations in different regions for internal and external wood surface
finishes.

Chapter 6 gives design principles for timber used as fire-resistance-rated
separating assemblies to provide compartmentation for life safety and
property protection, including walls, floors and roof constructions.

Chapter 7 provides guidance for the structural design of load-bearing
timber members exposed to a standard fire, with an overview of
the principles needed to predict the effect of charring and heating.
Simplified design models include design models from the proposed
second generation of Eurocode 5.

Chapter 8 is an introduction to connection typologies, potential failure
modes and structural design methods to provide fire resistance to con-
nections in timber buildings.

Chapter 9 gives recommendations for design to prevent fire from spread-
ing into, within and through timber structures, including detailing of
construction joints and penetrations.

Chapter 10 covers the effects of active fire protection systems on design
of timber buildings for fire safety.

Chapter 11 introduces performance-based design of timber buildings,
with a summary of possible risk-based design methods.

Chapter 12 describes general approaches and design guidance to achieve
structural robustness in the fire design of timber structures.

Chapter 13 provides guidance for design and construction processes to
ensure that the fire safety of timber buildings is maintained during
and after construction.

Chapter 14 describes firefighting practices that may differ in timber build-
ings compared with other structural building systems and addresses
concerns of fire services specific to timber building construction.

AUTHORS

This guidebook of 14 chapters has been written by 13 lead authors, each
responsible for one or more chapters. A number of co-authors have been
invited to assist with each chapter. A list of authors, co-authors and their
affiliations has also been provided. Birgit Ostman and Andy Buchanan car-
ried out the final editing.

FEEDBACK

Feedback on this design guide is welcomed. A website for comments is
available at www.fsuw.com.


http://www.fsuw.com
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SCOPE OF CHAPTER

This chapter presents an overview of the occupancy groups in buildings and
the types of timber structures that can be used to design and construct these
buildings. Obviously, the types of construction presented in this chapter
may have different names in different countries, but the fundamentals and
design principles remain essentially the same.

A description of the various timber and engineered wood products avail-
able in the market is also provided. It summarises the manufacturing pro-
cesses, typical end uses and product certifications, when applicable. Given
the large variety of timber products around the globe, some of the engi-
neered wood products presented herein may not be available in all countries.

This chapter is not intended to provide an exhaustive historical review
of timber constructions and wood products but rather aims to provide suf-
ficient information for designers, builders, building officials/authorities and
fire services to better understand and differentiate the various wood prod-
ucts and timber building systems available.

1.1 TYPES OF BUILDING OCCUPANCY

Building codes around the globe dictate the design and construction of
buildings. In a prescriptive building code, the type of building occupancy,
the building area (per floor basis, or total), the building height and the pres-
ence of an automatic sprinkler system will dictate whether a timber struc-
ture is permitted (see Chapter 4). For most buildings, designers will follow
prescriptive code provisions to demonstrate code compliance. The prescrip-
tive design allows for a straightforward design and reflects the academic
training of most designers. However, some building codes allow the use
of performance-based design to demonstrate code compliance. This design
method is usually more complex but allows for greater flexibility in the
selection of materials and systems. This subsection describes a number of
building occupancies where timber structures can be used. Some building
codes may allow the use of timber for other building occupancies. Further
details on performance-based design can be found in Chapter 11.

I.1.1 Residential buildings

Residential buildings typically refer to buildings destined for sleeping pur-
poses, whether the occupants are primarily transient or permanent in nature
(ICC, 2021a). The National Building Code of Canada, NBCC (NRCC,
2015) defines a residential occupancy as “an occupancy or use of a building
or part thereof by persons for whom sleeping accommodation is provided
but who are not harboured for the purpose of receiving care or treatment
and are not involuntary detained”. Examples of such residential buildings
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are single-family dwellings, semi-detached houses, attached houses, hotels,
motels and apartments. However, the term “residential buildings” may
include other types of buildings based on the applicable building code. In
some building codes, assisted living facilities may be classified as residential
buildings. Residences offering care services to residents due to cognitive,
physical or behavioural limitations would most likely not be included in
this category.

Timber is dominant in residential construction in North America.
According to a market analysis conducted by FPInnovations (Chamberland
et al., 2020), timber structures represented 97% of the market share of one-
to four-storey multi-family (residential) buildings constructed in 2018 in
Canada and 94% in the United States. For multi-family five-and six-storey
buildings in Canada, timber structures increased from 26% in 2014 to 65%
in 2018. This sharp increase coincides with the changes in the NBCC to
allow five- and six-storey light timber frame residential construction since
2015. In the U.S., similar buildings represent 63% of the market share.
Similar market trends can be observed in many other countries. Figure 1.1
shows some examples of residential buildings using various types of timber
structures.

Typical residential buildings will have a high degree of fire-rated com-
partments because the use of many separating elements, such as floors and
walls, provides a certain fire resistance rating based on the applicable build-
ing code. A localised fire can nevertheless grow to a fully developed fire,
and flashover conditions may be reached, while the fire is still contained
to the room of fire origin. In a residential building, it is important to note
that building codes usually do not prescribe or differentiate the occupants.
Their capacity for self-movement, walking speed and need for a wheelchair
are not regulated in a residential building. As such, a broad range of occu-
pants may be found in a residential building and means of egress are to
be appropriate. According to the International Code Council Performance
Code for Buildings and Facilities (ICC, 2021b), occupants and visitors in a

Figure I.I Residential buildings using a timber structure: (a) Light timber framed mid-
rise building in Canada (photo Cecobois); (b) Residential building in Sweden
(photo B. Ostman).
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residential building are assumed to be not awake, alert or capable of exit-
ing without the assistance of others and are familiar with the building. If
motels and hotels are classified in this type of occupancy, the same assump-
tions apply to occupants, visitors and employees, with the exception that
employees are awake.

1.1.2 Office buildings

An office building can be defined as a “building used principally for
administrative or clerical work” (ISO 6707-1). Examples of office build-
ings include administrative or professional businesses and commercial and
low-level storage occupancies. Building codes may however classify such
occupancy in another category.

While the aesthetic and biophilic advantages of timber are widely required
by architects, timber has only a modest use in office buildings. With recent
trends to construct taller and larger mass timber buildings around the
globe, it is expected that the use of timber in office buildings will increase.
Figure 1.2 shows examples of office timber buildings.

Office building design usually consists of large open spaces with move-
able partitions, which result in long floor spans. In such an open-space
concept, localised fires may be of primary concern as opposed to a fully
developed fire. Travelling fires can also be an important risk to mitigate.
In office buildings, it is assumed that occupants are awake, alert, predomi-
nantly capable of exiting without assistance from others and familiar with
the building (ICC, 2021b). As such, evacuation can be initiated faster in an
office building than in a residential building.

1.1.3 Educational buildings

Based on the applicable building code, educational buildings may be build-
ings where occupants are gathered for educational purposes, as well as day
care services for children. In some other codes, they may be classified as

Figure 1.2 Office buildings using timber product: (a) First Tech Credit Union office in
Canada (photo Structurlam Mass Timber Corp.); (b) Hybrid office building in
New Zealand (photo A. Buchanan)
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“assembly” buildings where occupants gather for civic, social, educational
or recreational purposes.

Structural timber has a very low use in educational buildings, with some
exceptions with low-rise buildings (one and two storeys) mainly due to
prescriptive building codes in some countries imposing such limitations.
Wood finish materials are however used in several locations in educa-
tional buildings for aesthetic reasons. There has, however, recently been a
strong increase in structural timber for gymnasiums and sports complexes.
Figure 1.3 shows some educational buildings where timber has been used
both for structural elements and finish materials.

Construction of educational buildings is a combination of residential and
office building types, where they may consist of large open-space concepts
with moveable partitions and a high degree of fire-rated compartments
between classrooms. Localised fires, fully developed fires and travelling
fires are therefore potential risks that warrant mitigation. In educational
buildings, it is assumed that occupants are awake, alert and familiar with
the building (ICC, 2021b). Younger occupants (e.g. under the age of 10
years) are assumed to require assistance for safe egress, while older occu-
pants will predominantly be capable of exiting by themselves.

1.1.4 Public buildings

A public building would essentially consist of an assembly occupancy where
gatherings are taking place for recreational, commercial or mercantile pur-
poses. Typically, building codes do not classify public buildings but will
rather classify their type of assembly (e.g. performing arts, arena type or
exterior gathering).

Similar to educational buildings, public buildings typically have low use
of timber products mainly due to limitations imposed by prescriptive build-
ing codes in some countries. Nevertheless, wood finish materials are widely
used for aesthetic reasons, with some low-rise buildings constructed with a

Figure 1.3 Educational buildings using timber products: (a) Université Laval in Canada
(photo FPInnovations); (b) Atrium space in educational building in New
Zealand (photo A. Buchanan)
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Figure 1.4 Public buildings using timber products: (a) Formula | paddocks in Canada
(Photo NordicStructures); (b) Parkinggarage in Sweden (Photo AIX Architects).

timber structure. Figure 1.4 shows some examples of public buildings using
various types of timber structures.

Localised fires would most likely be the main risk in public buildings with
large open floor areas. Similar to office buildings, it is typically assumed
that the majority of occupants are awake, alert and predominantly capa-
ble of self-evacuation with little to no assistance or prompting from others
(ICC, 2021b).

1.1.5 Industrial buildings

As defined in the NBCC (NRCC, 2015), buildings intended for the assem-
bling, fabricating, manufacturing, processing, repairing or storing of goods
and materials would be classified as industrial buildings. Some building
codes would further sub-divide industrial buildings based on the level of
fire hazard represented by the flammable, combustible or explosive charac-
teristics of materials that can be found within these buildings.

Industrial buildings may also be constructed with mixed occupancies,
where industrial use would represent most of the building area, and other
occupancies such as offices would be secondary occupancies. In such
mixed-occupancy groups, most building codes will require fire-resistance-
rated separations, or even sometimes firewalls, to separate one occupancy
group from another.

Prescriptive building codes typically allow the use of structural timber
for industrial buildings in relatively small areas. However, due to various
reasons, such as misperception from insurance companies, timber has lim-
ited use in these buildings. Moreover, given that industrial buildings usually
require high ceilings, light timber frame construction can be limited due
to the available lengths of timber studs, unless engineered wood studs are
used. Otherwise, post-and-beam construction could also be used, includ-
ing for support of overhead cranes. Figure 1.5 shows some examples of
industrial buildings using various types of timber structures. Special, active
fire protection measures, such as deluge or foam sprinklers, can be used to
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Figure 1.5 Industrial buildings using timber products: (a) Industrial building using LVL in
New Zealand (photo A. Buchanan); (b) Glulam/CLT manufacturing plant in
Canada (photo Nordic Structures ©Adrien Williams).

mitigate fire hazards associated with high-risk materials that can be found
inside these buildings. Explosions or localised fires would most likely be the
main risks, but fully developed fires can also be challenging. In industrial
buildings, it is assumed that occupants are awake, alert and predominantly
capable of exiting without assistance from others and familiar with the
building (ICC, 2021b).

1.2 TYPES OF TIMBER STRUCTURE

Timber structures have historically been classified based on the type of
system resisting gravity loads. In prescriptive building codes, the dimen-
sions and configurations of the building systems would typically dictate the
type of timber structure that can be used. While some building codes may
classify all types of timber structures into a single category, some building
codes allow a wider range of possibilities when using mass timber construc-
tion compared to light timber frame construction.

The following subsections provide a summary of the construction tech-
niques of a number of timber structures, including the types of products
typically used and comments on their fire performance.

1.2.1 Light timber frame construction

Light timber frame construction is the most dominant type of construction
for residential buildings, at least in North America for buildings up to six
storeys. It essentially consists of repetitive small-size structural elements
made of sawn timber, engineered wood products and structural sheathing.

Balloon-framing was mainly used in the early days of the 20th century.
This type of light timber frame construction allowed for rapid housing con-
struction. The wall studs were continuous over the storeys, and the floor
joists were supported on horizontal ledgers placed inside notches in the
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studs. This type of construction could have inherent concealed spaces,
forming potential paths for a fire to spread from one storey to another,
unless construction details were made to provide adequate fire stopping
(Figure 1.6a). The lateral loads were typically resisted by either structural
panels or diagonal bracing.

Then came platform-framing. In this type of light timber frame construc-
tion, the gravity loads remain supported by wood studs, but each wall is
assembled one storey at a time and floor framing is installed at every storey
(Figure 1.6b). Each wall is enclosed with top and bottom sill plates, creating
inherent fire stopping between storeys. Floor framing is also enclosed by rim
boards made of sawn timber or engineered wood products, which also cre-
ate an inherent fire stopping within the floor. Typically, building codes will
require that any openings in assemblies be required to provide fire resistance
to be properly sealed by fire-stop materials. Guidance on preventing fire
spread is given in Chapter 9. The lateral loads are taken by structural panels
for both the floor diaphragms and shear walls. Blocks of sawn timber can
be used at mid-height between every wall stud to provide additional nailing
to the structural panels. When these blocks are used, an additional inherent
fire stopping is created within the wall cavities to limit vertical fire spread.

In platform-framing, the wall studs are generally of sawn timber and may
be of structural composite lumber (SCL) to increase the axial compression

Figure 1.6 Light timber frame construction: (a) Balloon-framing, (b) Platform-framing.
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strength of the studs and/or limit shrinkage of the sill plates due to varying
moisture content. Using SCL for wall studs can also allow taller walls where
sawn timber would otherwise be limited in length, as previously mentioned
for industrial buildings. Nowadays, engineered wood products such as pre-
fabricated wood I-joists and metal-plated trusses have replaced many of
the traditional sawn timber floor and roof joists. These products allow for
increased load-bearing capacities, longer spans for open-space concepts and
better dimensional stability.

Given the small dimension of the structural elements, the fire perfor-
mance of light timber frame construction is typically provided by protec-
tive membranes, such as fire-resistance-rated gypsum plasterboards. Service
penetrations made through these protective membranes need to be properly
protected using fire-stopping devices tested according to the applicable test
method in each country. Fire resistance rating of up to 2 hours, and more,
can be achieved when tested in accordance with standard test methods such
as ASTM E119, CAN/ULC S101 and EN 1363-1, among others.

Light timber frame assemblies can provide excellent fire performance,
provided that they are detailed and constructed appropriately. Further
guidance on proper detailing is provided in Chapter 9.

1.2.2 Post-and-beam construction

The modern post-and-beam timber construction is the logical evolution of
the traditional system called “timber frame”. Traditionally, post-and-beam
construction, or “heavy timber” construction, used timber structural ele-
ments of large dimensions and cast-iron caps to transfer the loads from
one storey to the other, as well as connections between main to secondary
beams using timber embedment, wood pegs and dovetails, as examples. It
then evolved by using metallic fasteners such as bolts, dowels and hangers
for side connections, as would be done in steel framing.

Nowadays, post-and-beam timber construction is taking full advantage
of timber embedment strength for connections as well as the use of inno-
vative fasteners, such as long and slender self-tapping screws. Engineered
wood products such as glued laminated timber and structural composite
lumber are now widely used in lieu of sawn timber. Floors and roofs typi-
cally consist of timber decking or panels made of glued laminated timber,
structural composite lumber or mass timber. With the advances in com-
puter numerical control (CNC), machining of timber elements for drilling
holes for fasteners and embedding metallic plates for concealed connec-
tions, it is much easier to design and install this type of construction with a
high level of precision.

Similar to steel framing, the lateral loads are typically resisted by braced
frames or moment-resisting connections (although less popular), while the
floors and roof elements act as diaphragms. Figure 1.7 shows examples of
post-and-beam timber construction.
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Figure 1.7 Post-and-beam timber constructions: (a) Old timber frame in Canada (Photo
FPInnovations); (b) Modern post-and-beam construction using braced frames
in Canada (Photo A. Buchanan).

Traditional post-and-beam timber construction has a long history dem-
onstrating its inherent fire performance. In some building codes, “heavy
timber” construction can be used in many applications where a non-com-
bustible construction would otherwise be required. The large dimensions
of the structural elements allow for maintaining their structural strength
for long fire exposure. The load-bearing performance of timber elements
can easily be calculated using their charring rates and other design assump-
tions, as detailed in Chapter 7. Information on the fire performance of con-
nections can be found in Chapter 8.

1.2.3 Mass timber construction

Mass timber construction is a new type of timber construction that origi-
nated with the strong market acceptance and penetration by European
cross-laminated timber (CLT) and was then rapidly adopted by other coun-
tries. While the term “mass timber” is relatively new, it is not necessarily a
new type of construction as it was traditionally used in old buildings made
of post-and-beam construction. The floor construction called “mill floor”
consisted of sawn timber elements placed on edge, side-by-side, and nailed
together, creating a massive thick timber slab (also called nail-laminated
timber (NLT)).

Mass timber construction is the logical continuation of the post-and-
beam timber construction detailed above, but with larger and longer plates
used as wall and floor panels similarly to precast concrete construction.
Cross-laminated timber is among the first modern timber products used
in mass timber construction, where it is used for load-bearing walls, parti-
tions, as well as floors and roofs. With the desire to increase the diversity of
mass timber panels, mechanically laminated timber, such as nail-laminated
timber and dowel-laminated timber, is now slowly gaining popularity.
Figure 1.8 shows examples of mass timber panel construction.
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Figure 1.8 Mass timber panels construction: (a) Old mill floor in Canada (Photo
FPInnovations); (b) Sara Cultural Centre and hotel, 19 storeys, Skellefted,
Sweden (Photo Jonas Westling).

Nowadays, mass timber panels are used in conjunction with post-and-
beam construction to reduce the amount of timber, limit the cost and
offer greater design flexibility, such as open-space concepts. Engineered
wood products such as glued laminated timber and structural composite
lumber are used for gravity loads (columns and beams), while mass tim-
ber panels are used for floors and roofs, as well as lateral load-resisting
systems.

An inherently high level of fire resistance is provided in a building made
of mass timber panels, especially when it is fully built with mass timber
walls, roof and floor panels. As with post-and-beam construction, the large
dimensions of the structural elements allow for maintaining their structural
strength for long fire exposure. Panelised elements provide the separating
function to limit heat transmission and passage of flames, in addition to
the load-bearing performance. Additional information on the separating
function and load-bearing performance can be found in Chapters 6 and
7, respectively. Information about detailing of mass timber panels for fire
safety can be found in Chapter 9.

1.2.4 Long-span structures

Timber structures also have a long history for long-span structures, in
sports complexes and in industrial buildings. These applications however
require a high level of expertise and knowledge in timber design and struc-
tural engineering so that loads are transferred adequately and long-term
serviceability performance, including creep, dimensional changes and dura-
bility due to moisture content, is ensured.
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From their structural design efficiency, curved arches made of glued lami-
nated timber have widely been used for long-span applications and of vari-
ous geometric shapes (simple or multiple curvatures). They allow for high
roof clearance, as required for ice rinks, soccer stadiums and indoor water
parks. Depending on the span, they can be of single, double or multiple
elements.

A great engineered timber building is the Moffett Field hangar II near
San Francisco, U.S. Completed in 1943, it consists of trusses made of large
timbers constructed during World War II to serve the US Navy blimp sur-
veillance programme. The timber structure follows a parabolic shape that is
328 m long by 90.5 m wide and 52 m in height to accommodate the profile
of the airships contained in it.

Another structural system used in timber is the grid shell. This system
allows for long spans and open-space concepts. An example of such system
is the Odate dome built in Japan in 1997. The entire structure has a height
of 52 m and an impressive span of 178 m along the major direction and 157
m in the minor direction. Grid shell systems have been used in some proj-
ects in Europe and recently for the three domes at the Taiyuan Botanical
Garden in China. The domes range from 43 to 88 m in diameter and from
12 to 30 m in height. The dome design team claims that the largest of
the three domes is the longest clear span timber grid shell in the world.
Figure 1.9 shows examples of long-span timber structures.

As with post-and-beam construction, the large dimension of the struc-
tural elements used for long-span applications allows for maintaining their
structural capacity for long fire exposure. The load-bearing performance
of timber elements exposed to fire can easily be calculated using their
charring rates and other design assumptions, as detailed in Chapter 7. In
most buildings where arches are used, it is unlikely that a localised, trav-
elling or fully developed fire can generate sufficient hazard to challenge
the members and their connections at the top of the building, so more
attention should be made to the lower ends. Moreover, it is likely that
these buildings would require protection by automatic sprinkler systems.

Figure 1.9 Long-span timber systems: (a) Soccer stadium in Canada (67.6 m span) (Photo
Nordic Structures © Stéphane Groleau), (b) Timber grid shells in China (43 to
88 m span) (Photo StructureCraft).
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As such, some building codes may not require all the structural elements
to be fire resistance rated.

1.2.5 Hybrid structures

All structures are essentially hybrid, as they consist of various materials
used together to form a distinct system or structure. Hybrid structures
can consist of any mix of materials at various locations within a build-
ing. A hybrid structure can consist, for example, of a gravity system made
of timber and a lateral load-resisting system made of reinforced concrete
core walls or steel braces. Using lateral load-resisting systems made of con-
crete or steel braces typically allows for using greater ductility and strength
capacities. However, some mass timber panels can also provide the same
lateral performance as that of concrete and steel.

Hybrid structures can also be horizontal elements made of timber, con-
crete and steel, such as a timber slab or beam connected to a concrete slab,
steel joists or beams connected to a timber slab, etc. The use of hybrid hori-
zontal systems typically allows for longer spans by positioning each mate-
rial at its best location to take full advantage of its mechanical resistance.
They also enhance serviceability performance such as acoustics, floor vibra-
tions and deflections.

Long-span structures, as detailed in the previous subsection, can also
be hybrid where timber would be positioned where the elements are solic-
ited mainly in axial compression and steel tendons would be solicited in
axial tension. This allows for pre-stressed systems to enhance serviceability
performance.

When designing for fire resistance, each material needs to be considered,
along with the potential impact from one to the other. As an example, the
timber component of a timber—concrete composite slab exposed to fire will
char and the residual timber will reduce in size with time and change the
stress distribution between the two materials as well as the shear connec-
tors used to fasten them together. Heat transfer between materials may also
be a challenge where, as an example, a steel beam connected to a timber
slab will accelerate localised charring in the vicinity of the steel beam due
to heat conduction. Figure 1.10 shows examples of hybrid structures using
timber, concrete and steel.

1.2.6 Prefabricated elements and modules

Industrialised building systems for multi-storey timber construction are
being used increasingly in northern Europe during the first decades of the
2000s. They emerged from a long tradition of prefabricated single-fam-
ily houses starting in the early 1900s. Still about 90% of all single-family
houses in Sweden are built in timber. A whole house, or two-dimensional
building elements, mainly walls, are built in a factory and brought to the
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Figure 1.10 Hybrid structures: (a) Brock Commons in Canada — mass timber construc-
tion and reinforced concrete vertical shafts (photo Naturally Wood), (b)
Meadows Recreational Center in Canada — Glued laminated timber and steel
roof structure (photo Western Archrib).

Figure .11 Prefabricated elements and modules: a) Prefabricated mass timber floor
in Northern Sweden, late 1990s (Photo Martin Gustafsson), (b) Modular
houses in Norway (Photo Kodumaja).

building site. This technique has a lot of advantages, including close con-
trol of the building process, dry conditions, and a fast building process.
Figure 1.11 shows examples of prefabricated elements and modules.

When taller timber buildings became allowed in Sweden in the late
1990s, it was natural to adopt the prefabricated system for multi-storey
design. Different techniques have been applied and two-dimensional ele-
ments are now often made with CLT panels, while three-dimensional (3-D)
volumetric modules are mainly timber frame structures. The 3-D modules
may be load-bearing themselves or integrated into a separate load-bearing
structure e.g. with post and beam. The latter is the case for the 14-storey
high Treet building in Norway.

Prefabricated volumetric modules were initially used for small apart-
ments e.g. accommodation for students, but they are now used for larger
apartments consisting of several volumetric components, where the kitchen
and/or bathrooms are built as separate modules and put together at the
building site. One limiting factor is the size of elements or modules to be
road transported.
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1.3 STRUCTURAL TIMBER PRODUCTS

There is a wide variety of structural timber products available in the mar-
ket. In the past few decades, many engineered wood products (EWPs) have
been developed and commercialised as a substitute for traditional wood
products. These EWPs are designed and manufactured for better use of
the raw material, eliminating natural characteristics of timber that may
have a negative impact (i.e. knots, wane, etc.), reducing waste from timber
sawmills and reducing the amount of timber required for manufacturing a
homogenous and stronger product.

Provided that the wood feed-stock is obtained from renewable forestry
operations, all of these structural timber products provide great benefits for
low carbon construction. The sequestered carbon stored in structural tim-
ber far exceeds the small amount of fossil fuel energy required to manufac-
ture the wood products, and this can be used to offset the carbon released
in manufacturing the other components of a building. Timber buildings
hence have a much lower carbon footprint than similar buildings made
from traditional materials such as steel and concrete.

The following sections describe some of the various structural timber
products available in the market. The products presented below are largely
based on current technologies and products available in North America and
Europe.

1.3.1 Sawn timber

Sawn timber is among the oldest construction material. Sawn timber, called
lumber (or dimension lumber) in some countries, is defined by ASTM D9
as a product of the sawmill and planing mill, usually not further man-
ufactured other than by sawing, resawing, passing lengthwise through a
standard planing machine, crosscutting to length, and matching. In some
countries, the term timber can also refer to a wood element of minimum
dimensions, differentiating them from smaller elements called lumber. In
North America, the structural elements are named based on their nominal
dimensions rather than actual sawn dimensions. As examples, a nominal 2"
x 10” lumber joist is actually 38 x 235 mm (1%2” x 9%"), and a nominal 6”
X 6” timber beam is 140 x140 mm (5% x 5%2”). Other countries typically
specify the actual (net) dimensions rather than the nominal dimension. For
structural applications, building codes typically require that sawn timber
has a moisture content no greater than 15% to 19% at the time of instal-
lation. As such, it is usually dried to a suitable moisture content prior to
installation. In light timber-framed buildings of five and six storeys, dimen-
sional changes due to drying during the service life can be significant and
considerations should be given to limiting such shrinkage.

There are various types of sawn timber (lumber) used in construction and
available on the market. Typically, softwood species are used for structural
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applications, while hardwoods are used for finishing materials. In some
jurisdictions, hardwoods may however be used in structural applications,
including the manufacturing of engineered wood products such as glued
laminated timber. Structural products are required to be evaluated by
their respective standards, such as those of the National Lumber Grades
Authority (NLGA) in Canada, the American Lumber Standard Committee
(ALSC) in the U.S., the European standard EN 15497 and the Australian/
New Zealand standards AS 2858 and AS/NZ 1748.

The most common type of sawn timber is visually graded, which is some-
times also categorised within specific wood species groups. Based on visual
observations by a trained inspector, the boards are visually graded into
various classes, which are assigned mechanical properties based on regular
quality control monitoring by the grading agency. This ensures that the
grading is being made properly and that the mechanical properties pub-
lished in wood design standards are maintained. Some of the visual charac-
teristics used for classifying timber are the slope of grain, moisture content,
knots and wane. Distortion of timber boards due to bow, crook, cup and
twist also affect their grading. Standard test methods usually specify how
to address the potential strength and stiffness reduction factors.

Some sawmills use mechanical grading of sawn timber, such as mechani-
cally stress rated (MSR) and mechanically evaluated lumber (MEL). Both
MSR and MEL refer to structural timber that has been graded for stiffness
by means of a non-destructive test and subjected to similar visual grading
as the visually graded timber. These testing techniques allow for a bet-
ter evaluation of the raw material by non-destructively testing mechanical
properties, mainly the modulus of elasticity. They also allow mills to sort
timber exhibiting higher mechanical properties, thus providing a higher
structural grade for stronger timber. Non-destructive testing is also widely
used in the manufacturing of EWPs so that manufacturers can ensure that
the timber used in the manufacturing process meets or exceeds the quality
control criteria.

Lastly, sawn timber (lumber) can also be remanufactured into various
products, such as finger-jointed lumber, face-glued lumber or edge-glued
lumber. These types of EWPs allow for eliminating natural defects that may
be present in visually graded lumber by remanufacturing smaller and/or
shorter pieces together to form long and dimensionally stable products. The
resulting products are widely used in the manufacturing of EWPs, such as
those detailed in the following sections. When finger-jointing, face-gluing
or edge-gluing is used, the fire performance of the adhesives should be prop-
erly evaluated so that the adhesives do not become the weak link in the fire
resistance of the resulting product (see Chapter 7).

Due to their small cross-sections, the fire performance of typical sawn
timber relies on the use of claddings or membranes (e.g. fire-resistance-rated
gypsum plasterboard), unless the applicable building code allows them to
remain exposed (unprotected). Otherwise, the load-bearing performance
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of larger timber elements can be calculated using their charring rates and
other design assumptions, as detailed in Chapter 7.

1.3.2 Wood l-joists

Since the creation of prefabricated wood I-joists, the market has rapidly
grown as an alternative to solid sawn timber joists and roof rafters, espe-
cially in light timber frame construction. A prefabricated wood I-joist is
defined as “a structural member manufactured using sawn or structural-
composite lumber flanges and structural panel webs, bonded together with
exterior grade adhesives, forming an “I” cross-sectional shape” (ASTM
D9).

Wood I-joists were first commercialised by the American company Trus
Joist Corporation in the 1960s (Williamson, 2002). The main advantages
of prefabricated wood I-joists are their light weight, longer allowable spans
and low cost when compared to traditional sawn timber joists. They are
typically used as floor joists and in some applications as roof joists. With
an increasing demand for energy-efficient building envelopes, we are now
seeing prefabricated wood I-joists used as wall studs. Their depths allow for
a greater insulated cavity.

The I-shape cross-section allows for more efficient use of the timber
resource, with flanges subjected to axial stress and web panel subjected to
shear stress. Flanges are typically made of finger-jointed sawn timber or
structural composite lumber (see Figure 1.12). They have various dimen-
sions, resulting in varying bending resistance and stiffness. Web panels used
to be made of plywood or hardboard but have changed to oriented strand
boards (OSB) over the years. Some producers commercialise wood I-joists

Figure .12 Prefabricated wood I-joists: (a) Sawn timber flanges (photo FPInnovations);
(b) LVL flanges (photo APA Wood).
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with web materials from other types of panels such as high-density fibre-
board (HDF).

Wood I-joist manufacturers usually offer their products in standardised
dimensions. The available depths typically vary from 235 to 406 mm (9%"
to 16”), with some special deeper joists. Prefabricated wood I-joists are
required to be manufactured and evaluated according to specific standards,
such as ASTM D5055 for North America. As an example, ASTM D5055
provides the minimum requirements with respect to procedures for estab-
lishing, monitoring, and re-evaluating structural capacities such as shear,
reaction (bearing support), bending moment, and stiffness. Requirements
for adhesives performance used for flange finger joints, web-to-web joints
and web-to-flange joints are typically also provided. While there is currently
no standard in Europe, I-joists may conform to the European Assessment
Document (EAD 130367-00-0304) for CE-marking.

Due to their inherently small cross-section, the fire performance of pre-
fabricated wood I-joists typically relies on either the use of claddings or
membranes (e.g. fire-resistance-rated gypsum plasterboard) or web protec-
tion materials, unless they are specifically allowed to remain unprotected
by the applicable building code. Manufacturers can provide floor and roof
assemblies made with prefabricated wood I-joists that can achieve up to 2
hours of fire resistance. Given the proprietary nature of these products, it is
recommended to consult with the manufacturers for proper detailing. Some
general guidance is given in Chapter 7.

1.3.3 Metal plate wood trusses

Similar to prefabricated wood I-joists, metal plate timber trusses are used
as an alternative to solid sawn timber joists and roof rafters in light timber
frame construction. Their main advantages are light weight, longer allow-
able spans and low cost when compared to traditional sawn timber joists.
They are typically used as floor trusses and widely used as roof trusses in
North America.

A typical truss consists of top and bottom chords (flanges) and diagonal
webs forming a triangular shape using sawn timber or structural composite
lumber. Junctions between chords and webs are fastened together using
proprietary galvanised steel plates, also called truss plates. Usually, a floor
truss would have parallel chords positioned flatwise (i.e. wide dimension of
the timber parallel to the floor plan), while roof trusses will have the chords
positioned edgewise (narrow dimension parallel to the roof plan) either par-
allel or sloped. Figure 1.13 illustrates metal plate trusses and some truss
plates available on the market.

Some countries have enforced quality control standards for the man-
ufacturing of metal plate timber trusses. Trusses can be designed and
manufactured in almost infinite shapes and spans. Given the long roof
spans that can be achieved by metal plate timber trusses, proper lateral
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Figure 1.13 Images of metal plate trusses: (a) Floor trusses (photo FPInnovations); (b)
Roof trusses (photo Naturally Wood).

bracing is crucial to ensure the stability of the compression chords and
webs against buckling. The structural design is typically in accordance
with the applicable timber design standard and proprietary metal plate
design information. As an example, the Truss Plate Institute of Canada
(TPIC) and Standards Australia publish standards that establish mini-
mum requirements for the design and construction of metal plate timber
trusses, including the materials used in a truss (both lumber and steel),
the design procedures for truss members and joints as well as manufac-
turing and material variances and erection tolerances (TPIC; AS 1720.5).
Guidance for lateral bracing is also typically provided in truss design
standards. In Europe the metal plate web trusses are produced according
to EN 14250 and designed according to Eurocode 5 (EN 1995-1-1 and
EN 1995-1-2).

Similar to prefabricated wood I-joists, the fire performance of metal plate
timber trusses typically relies on the use of cladding or membranes (e.g.
fire-resistance-rated gypsum plasterboard), unless specifically allowed to
remain unprotected by the applicable building code. Some manufacturers
have floor and roof assemblies made with metal plate timber trusses that
can achieve up to 2 hours of fire resistance. Given the proprietary nature
of these products, it is recommended to consult with the manufacturers for
proper detailing.

1.3.4 Structural composite lumber

Structural composite lumber (SCL) is a generic category of structural engi-
neered wood products that includes laminated veneer lumber (LVL), paral-
lel strand lumber (PSL), laminated strand lumber (LSL) and oriented strand
lumber (OSL), as illustrated in Figure 1.14. Structural composite lumber
(SCL) is defined as “a composite of wood elements (for example, wood
strands, strips, veneer sheets, or a combination thereof), bonded with an
exterior grade adhesive and intended for structural use in dry service con-
ditions” (ASTM D9). See also Section 1.3.6 on mass timber panels.
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Figure I.14 Structural composite lumber (photos courtesy of Weyerhaeuser): (a) LVL
— Laminated Veneer Lumber; (b) PSL — Parallel Strand Lumber; (c) LSL —
Laminated Strand Lumber.

LVL and PSL were first introduced into the market in the 1970s and
1980s, respectively (Williamson, 2002). LSL and OSL were introduced
shortly after PSL. Their main advantages are the efficient use of the timber
resource, higher strength and stiffness and longer spans. They are typi-
cally used as beams, columns, lintels and joists, with some applications
as chords in metal plate trusses. SCL is also used as studs in mid-rise light
timber frame construction (five and six storeys) where greater axial capac-
ity is required at the lower levels, as well as sill plates for limiting building
vertical displacement due to moisture shrinkage. Being manufactured at an
initial low moisture content, SCL products tend to be more dimensionally
stable than traditional sawn timber when subjected to varying degrees of
moisture content during service.

Laminated Veneer Lumber (LVL) is defined as “a composite of wood
veneer sheet elements with wood fibres primarily oriented along the longi-
tudinal axis of the member, where the veneer element thicknesses are 0.25
in. (6.4 mm) or less (ASTM D9).”

LVL is manufactured in a similar manner as plywood, with the excep-
tion that the wood grain of the veneers is mostly oriented longitudinally
to the main strength direction (i.e. towards the LVL length). LVL is often
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manufactured in a continuous process so the resulting products can be lon-
ger and stronger than traditional sawn timber.
Parallel Strand Lumber (PSL) is defined as

a composite of wood veneer strand elements with wood fibres primar-
ily oriented along the longitudinal axis of the member, where the least
dimension of wood veneer strand elements is 0.25 in. (6.4 mm) or less
and their average lengths are a minimum of 300 times the least dimen-
sion of the wood veneer strand elements.

(ASTM D9)

PSL is manufactured by gluing wood strands to form a condensed thick piece

of timber in such a way that the wood grain of the strands is oriented longi-

tudinally to the main strength direction (i.e. towards the PSL length). Wood

strands may be cut from the residue of plywood or LVL manufacturing plants.
Laminated Strand Lumber (LSL) is defined as

a composite of wood strand elements with wood fibres primarily
oriented along the longitudinal axis of the member, where the least
dimension of the wood strand elements is 0.10 in. (2.54 mm) or less
and their average lengths are a minimum of 150 times the least dimen-
sion of the wood strand elements.

(ASTM D9)

Manufacturing process of LSL is somewhat like that of OSB. It requires, how-

ever, a higher degree of strand orientation and greater pressure to form the

thick piece of timber. As with PSL, wood grain of the strands is oriented lon-

gitudinally to the main strength direction (i.e. towards the LSL length). Wood

strands may be cut from the residue of plywood, LVL or PSL manufacturing

plants. LSL usually has lower strength and stiffness than LVL and PSL.
Oriented Strand Lumber (OSL) is defined as

a composite of wood strand elements with wood fibres primarily
oriented along the longitudinal axis of the member, where the least
dimension of the wood strand elements is 0.10 in. (2.54 mm) or less
and their average lengths are a minimum of 75 times the least dimen-
sion of the wood strand elements.

(ASTM D9)

The manufacturing process of OSL is similar to that of LSL, with the
exception that shorter strands are used. As with LSL, the wood grain of
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the strands is oriented longitudinally to the main strength direction (i.e.
towards the OSL length). Wood strands may be cut from the residue of
plywood, LVL, PSL or LSL manufacturing plants. OSL usually has lower
strength and stiffness than LSL.

As with prefabricated wood I-joists, SCL manufacturers offer products
in standardised dimensions ranging from 89 to 508 mm (3%2” to 20”) in
depth, 38 to 178 mm (12" to 7”) in width and up to 18 m (60’) in length.
SCL products are required to be manufactured and evaluated according to
specific standards, such as ASTM D5456 in North America, which provides
the minimum requirements with respect to initial qualification sampling,
mechanical and physical tests, analysis, and design value assignments.
Requirements for adhesive performance at elevated temperatures and/or
fire conditions are typically also provided. While there are currently no
other standards equivalent to ASTM D5456 applicable to all SCL prod-
ucts, LVL products are to be evaluated per European standard EN 14374
and Australia/New Zealand standard AS/NZS 4357.0. A European LVL
Handbook is also available to provide design information for code compli-
ance (LVL Handbook, 2020).

SCL products can be used as a single element or as built-up elements
using nails, screws or bolts. When used as a single element, from either a
single and large piece of SCL or an SCL obtained from a secondary face-
gluing process, their fire performance and charring behaviour are similar
to traditional sawn timber (Dagenais, 2014; White, 2000; O’Neill et al.,
2001), provided the adhesive used for secondary gluing is a structural adhe-
sive meeting the requirements to resist elevated temperatures and/or fire
conditions. Structural fire resistance of SCL can therefore be determined
based on the same design principles as those detailed in Chapter 7.

However, built-up elements made with metallic fasteners may not have
the same fire performance as a single element of the same dimensions.
Connections used to secure SCL elements together may not prevent the
individual elements from separating when exposed to fire, which can lead
to increased localised charring between the SCL elements (O’Neill et al.,
2001). Proper caution should be taken when built-up SCL elements are
required to provide some level of fire resistance.

1.3.5 Glued laminated timber

Glued laminated timber, also called glulam, can be defined as “a product
made from suitable selected and prepared pieces of wood bonded together
with an adbesive whether in a straight or curved form with the grain of all
pieces essentially parallel to the longitudinal axis of the member” (ASTM
D9). Its manufacturing allows for small or large structural elements, either
straight or curved.

Glulam is one of the oldest engineered wood products and still much used
in the timber construction market. According to Williamson (2002), glued
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laminated timber was first patented in Switzerland in the 1890s. It was
then first used in the United States in the construction of the USDA Forest
Products Laboratory in Madison (WT).

As with other EWPs, the main advantages of glulam are the efficient
use of the timber resource, higher strength and stiffness and longer spans.
Glulam is typically used as beams, columns, lintels and joists, with some
applications as planks and decking in post-and-beam and mass timber con-
structions (see Figure 1.15). Given their flexibility to meet various shapes,
they are also the most widely used EWP for the design and manufacturing
of long-span arches. Moreover, being manufactured at an initial low mois-
ture content, glulam tends to be more dimensionally stable than traditional
sawn timber when subjected to varying degrees of moisture content during
service.

The layup (or configuration) of glued laminated timber is based on the
theory of composite materials, where each lamination has its own strength
and stiffness characteristics and is positioned to result in effective strength
and stiffness of the finished cross-section. Typically, laminations with
the greatest mechanical properties are positioned towards the outer sur-
face (also called tension laminations), where the axial stresses are at their
maximum in a flexural element. Lower quality timber is used within the
core (also called core laminations), with some intermediate requirements
in between.

The manufacturing of glued laminated timber is usually regulated by
the applicable building codes and standards. In Canada, glued laminated
timber is manufactured in accordance with CSA 0122 standard and manu-
facturing plants are to conform with CSA O177. In Europe the product
standard is EN 14080, and in Australia/New Zealand AS/NZS 1328.1.
These standards provide the minimum requirements for the materials to be
used such as the timber and adhesives, as well as the minimum requirements

Figure 1.15 Structural glued laminated timber: (a) Post-and-beam construction using
glulam and prefabricated wood I-joists (photo FPInnovations); (b) Curved
beams and decking at ATCO commercial centre in Canada (photo Western
Archrib).
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for qualification testing and quality control. With respect to the fire perfor-
mance of adhesives used in glued laminated timber, an international survey
highlighted significant differences exist between countries (Wiesner et al.,
2018). As such, it is strongly recommended to consult the appropriate stan-
dards accreditation bodies for assessing whether imported glued laminated
timber is suitable and conforms to the applicable building codes and stan-
dards in the importing country. Effects of glueline fire performance can be
found in Chapters 2, 3, 6 and 7.

Glued laminated timber has excellent inherent fire performance. The
large cross-section allows for structural elements to char slowly and at
a predictable rate, allowing them to sustain the applied loads for a long
duration. Structural fire resistance of glued laminated timber can therefore
be determined based on the same design principles as those detailed in
Chapter 7.

Moreover, some countries such as Canada and the United States pro-
vide special provisions for fire-resistance-rated glued laminated timber
beams, without specific calculations being necessary. For example, a beam
requiring a one-hour fire resistance rating when exposed to fire from three
sides (top is protected) shall be manufactured to the layups specified in
the manufacturing standards, except that one core lamination shall be
removed and one 38 mm thick outer tension lamination added on the bot-
tom (see Figure 1.16). When such special manufacturing is made, the glued
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Figure I.16 Manufacturing provisions for fire-resistance-rated glulam beams, as pre-
sented in CSA O86: (a) No fire resistance rating; (b) I-hr fire resistance
rating; (c) 2-hr fire resistance rating.
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laminated timber beams should have a mark (stamp) specifying their fire
resistance rating.

1.3.6 Mass timber panels

Mass timber panels, or plates, are essentially large timber panels used as
floors, roofs and wall panels. They were traditionally used in old timber
buildings made of “mill floors”, but, with advances in timber engineer-
ing and manufacturing processes, new mass timber panels have recently
emerged such as cross-laminated timber (CLT), mechanically laminated
timber (MLT), mass plywood panels and mass OSB panels.

CLT is defined as “a prefabricated engineered wood product made of at
least three orthogonal layers of graded sawn lumber or structural compos-
ite lumber (SCL) that are laminated by gluing with structural adbesives”
(ANSI/APA 2019). In Europe the definition is similar, but the need for fire-
resistant adhesives is not mentioned (EN 16351). Laminating orthogonally
allows for enhanced dimensional stability and for bi-directional structural
elements. However, CLT panels are mainly used as uni-directional struc-
tural elements where the laminations oriented along the strength axis carry
most of the applied stress. Typically, the strength axis, or major direction, is
oriented towards the longitudinal dimension of the CLT (e.g. span of a floor
panel or height of a wall panel). Figure 1.17a illustrates a typical CLT panel.

As with glued laminated timber, manufacturing standards such as ANSI/
APA PRG 320 for use in North America CLT specifies the minimum require-
ments for the materials to be used such as the timber and adhesives, as well
as the minimum requirements for qualification testing and quality control.
In Europe, CLT should comply with EN 16351, although it is not yet adopted
by the European Commission as a formal European standard. Canadian,
American and Swedish handbooks are also available to provide design infor-
mation until the product becomes recognised in building codes (Karacabeyli
& Douglas, 2013; Karacabeyli & Gagnon, 2019; Swedish Wood, 2019).

CLT is a relatively new EWP, and most building codes and standards do
not fully address the use of this product. The international survey referenced

Figure 1.17 Mass timber panels: (a) Cross-laminated timber (Photo APA Wood); (b)
Dowel-laminated timber panels (Photo StructureCraft).
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in Section 1.3.5 with respect to fire performance of adhesives in engineered
wood products highlighted significant differences between countries
(Wiesner et al., 2018). It is therefore strongly recommended to consult the
appropriate standards accreditation bodies for assessing whether imported
CLT is suitable and conforms to the applicable building codes and stan-
dards in the importing country. Effects of glueline fire performance can be
found in Chapters 2, 3, 6 and 7.

CLT has excellent inherent fire resistance. The large cross-section allows
for the elements to char slowly and at a predictable rate, allowing them to
sustain the applied loads for a long duration. Structural fire resistance of
CLT can therefore be determined based on the same design principles appli-
cable to timber as those detailed in Chapter 7, where the thermal perfor-
mance of adhesives is explained. Additional information on the separating
function performance can be found in Chapter 6, while information about
the detailing of CLT structures can be found in Chapter 9.

Mechanically laminated timber (MLT) is an engineered wood product
made by connecting graded timber laminations on edge with mechanical
connectors that are inserted through the wide face of the laminations. MLT
panels are typically used as one-directional structural elements and can be
manufactured with various profiles for aesthetic purposes or to improve
acoustic performance. While technical guides about best practices are
available (BSLC, 2017a and 2017b), there are currently no manufacturing
standards for MLT, with the exception of a Canadian standard under devel-
opment covering the manufacturing, testing and quality control of MLT
(CSA 0125), planned for publication in 2022.

The oldest form of MLT panel is most likely nail-laminated timber
(NLT), which was used as “mill floor” in historic timber buildings. NLT
is a solid wood structural element consisting of lumber planks oriented on
edge and fastened together with nails. NLT is usually tightly manufactured
with lumber of a moisture content no greater than 19 %, which can result
in some gaps appearing between boards once the product is conditioned
during its service life. Some manufacturers have stringent manufacturing
requirements for a lower moisture content and might not exhibit similar
dimensional changes.

Dowel-laminated timber (DLT) is a relatively new MLT product that
has recently emerged in Canada (see Figure 1.17b). DLT is a solid wood
structural panel created by placing lumber planks oriented on edge and
friction-fastening the laminations together with hardwood dowels. It does
not require any adhesives or metallic fasteners. DLT is usually tightly man-
ufactured with lumber of a moisture content no greater than 19% at the
time of inserting the wood dowels, which can result in some gaps appearing
between lumber boards once the product is conditioned during its service
life. Similar to NLT, the use of stringent manufacturing requirements with
a lower moisture content might result in smaller dimensional changes.
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NLT and DLT may have a slightly less reliable fire performance than
glued wood panels. NLT and DLT which are manufactured with tightly
clamped laminations char at a slow, predictable rate, and their structural
fire resistance can therefore be determined based on the same design prin-
ciples as those detailed in Chapter 7. However, due to potential dimensional
changes and gaps forming between boards, additional precautions might
be needed to fulfil the separating function. See Chapter 6 for additional
information on the separating function performance. It is recommended to
consult with the NLT and DLT manufacturers for guidance on gap toler-
ances and dimensional changes for fire design.

The final categories of mass timber panels are those made of plywood,
LVL or OSB layers bonded with a structural adhesive and pressed to form a
solid panel. The resulting product is similar to CLT, with the exception that
they are usually parallel laminated (not orthogonal). Mass plywood panels
can also be made of LVL layers so that they are all oriented in the longi-
tudinal (strength) direction. These products are typically manufactured as
built-up elements obtained with a secondary face-gluing process. Their fire
performance and charring behaviour can be assumed to be similar to tra-
ditional sawn timber, provided that the adhesive used for secondary gluing
is a structural adhesive meeting the requirements for elevated temperatures
and fire conditions. Structural fire resistance of mass plywood and OSB
panels can therefore be determined based on the same design principles as
those detailed in Chapter 7. There are currently no manufacturing stan-
dards for glued mass timber panels made from plywood, LVL or OSB.

1.3.7 Wood-based panels

The last category of wood products refers to the thin wood-based panels
typically used in light timber frame construction. These are panels made
from veneers, strands and wood fibres, or a combination of these materials.
Wood-based panels can be used as floor and roof sheathing, floor and roof
diaphragms, wall sheathing and shear walls, as well as a manufacturing
component such as the web panel in prefabricated wood I-joists. Figure 1.18
shows some wood-based panels commonly used in timber construction.
Plywood was the first glued wood-based panel ever used, with appar-
ently a background in ancient Egypt. Plywood is manufactured using layers
of veneers bonded orthogonally with a structural and moisture-resistant
adhesive. It is usually made of an odd number of layers where the outer lay-
ers and all odd-numbered layers are oriented in the direction of the panel
length, i.e. the strength direction (ASTM D5456). Its orthogonal configura-
tion allows for minimising dimensional changes while maximising strength
and stiffness. CLT has essentially been designed based on the principles
of plywood but using much thicker layers of timber as opposed to thin
veneers. Structural plywood panels are manufactured in accordance with
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Figure 1.8 Wood-based panels: (a) plywood (photo APA wood), (b) OSB (photo APA
Wood).

regional standards such as CSA O151,PS 1, EN 13986 and AS/NZS 2269.0.
Several types of structural plywood can be found depending on the species
group and grade of the veneers and its bond classification (interior, exte-
rior, marine, etc.). Plywood can also be a decorative wood panel intended
for interior use only. When used as an interior finish material, the surface
veneer typically consists of hardwood and is bonded to an assembly of soft-
wood veneers, timber, particleboard or medium-density fibreboard (MDF).

The second type of wood-based panel is the Oriented Strand Board
(OSB). This product is comprised primarily of wood strands bonded with
a moisture-resistant adhesive under heat and pressure (ASTM D1038).
Following a similar manufacturing principle as plywood, OSB is fabricated
of compressed strands arranged in orthogonal layers, where the strands in
the face layers are generally aligned in the direction of the panel length,
i.e. the strength direction. OSB panels typically have a non-skid surface on
one side for safety on the construction site for roof applications. In addi-
tion to floor, roof and wall applications, OSB is also widely used as rim
boards in light timber frame construction. When combined with engineered
wood joists (I-joists or trusses), OSB rim boards are cut to the exact depth
and exhibit a better dimensional stability than a traditional sawn timber
rim board. Structural OSB panels are manufactured in accordance with
regional standards, such as CSA 0325, PS 2 and EN 13986.

The last category of wood-based panels is medium-density fibreboards
(MDF), high-density fibreboards (HDF), and particleboards. MDF and
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HDF are composite panel products composed primarily of wood fibres
bonded with adhesives and cured under heat and pressure. At the time
of manufacturing, MDF density is usually between 500 and 1000 kg/m?3
(ASTM D1554). HDF has a higher density than MDF, with no specific
targets. Particleboards are similar in manufacturing to MDF but use wood
particles rather than fibres. MDF, HDF and particleboards are usually
used as decorative panels. When used as structural panels, such as webs in
I-joists, they need to be tested accordingly so that their mechanical proper-
ties are evaluated and determined correctly. The European product stan-
dard for wood-based panels is EN 13986.

Wood-based panels are usually manufactured thinner than panels of
timber, SCL, glued laminated timber and mass timber and tend to exhibit
faster charring rates than the other wood products detailed in this chapter.
As an example, EN 1995-1-2 specifies a one-dimensional charring rate of
0.90 mm/min for a wood-based panel of 450 kg/m3 and at least 20 mm
in thickness, while timber with a characteristic density of 290 kg/m3 or
greater would have a rate of 0.65 mm/min. Chapter 7 provides the char-
ring rate adjustment factor when a wood-based panel is less than 20 mm
in thickness. Their performance against flame-through is also of utmost
importance so that the separating function of a floor, roof or wall assembly
is maintained adequately. In Europe a test method (EN 14135) is specified
to determine the fire protection ability of coverings, with more information
in Chapter 6. The flammability/reaction to fire characteristics is explained
in Chapter 5.

1.4 CONCLUSION

This chapter introduces timber structures and wood products. Some build-
ing codes may limit the use of timber and wood products, either for struc-
tural elements or interior finish materials, but these materials are being
used throughout the world in many types of buildings and occupancies.
With the increasing demand for sustainable buildings and performance-
based design, it is expected that timber will gain even more popularity in
the near future. Fire performance of timber structures and wood products
can be evaluated by the guidance and design methods detailed in the fol-
lowing chapters.

One of the main advantages of timber structures is the variety of systems
that can be designed and constructed to suit almost any need and to pro-
vide the level of fire performance required in building codes. Traditional
light timber frame construction remains the most economical system,
widely used in low-rise and mid-rise buildings. Innovative systems such as
modern post-and-beam construction, mass timber construction, long-span
and hybrid structures allow for expanding the use of timber in impressive
and innovative structures, such as taller buildings. Prefabrication of timber
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elements and modules is also gaining popularity, due to the speed of con-
struction, increased building control and waste reduction at the job site.

Another factor facilitating the use of timber in buildings is the variety
of products available to designers. A broad range of structural engineered
wood products has been developed over recent years to provide high-valued
timber products through more efficient use of the raw material. For most
countries, timber and engineered wood products are required to be man-
ufactured, tested and evaluated by applicable standards. Quality control
procedures are usually required to ensure high-quality end products and
buildings with acceptable fire safety.
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