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THE ORIGINS OF ENCAPSULATED MASS TIMBER CONSTRUCTION
Wood is one of the earliest construction materials and the reasons
to use it today are similar to the reasons it was used in the past; it
is cost effective, lightweight, strong and versatile.
Wood as a construction material has many desirable benefits:
•
•
•
•
•

Wood is a renewable material, has a low carbon footprint,
is recyclable and is fully biodegradable,
Wood can be easily worked, shaped and processed,
Less energy is used during manufacturing wood than other
building materials,
Wood is a natural insulator with better insulative (thermal
bridging) performance than concrete or steel which can
help in reducing heating and cooling costs,
Wood products add texture, warmth and provide natural
surfaces that are desirable for architects, designers, owners
and occupants.
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Mass timber products enable architects and engineers to bring the
benefits of wood construction to larger, taller and more complex
buildings, especially in high-rise urban settings around the globe.
Mass timber construction has been used in the construction
of several recent high-profile wood buildings across Canada,
including:
•
•
•
•

Arbora – Montreal,
Origine – Quebec City,
Brock Commons – Vancouver, and
Wood Innovation & Design Centre – Prince George.
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To support the ever increasing use of wood in buildings, extensive
research has been undertaken to understand the performance of
mass timber in tall buildings. This research will lead to the introduction of a new type of construction, called
Encapsulated Mass Timber Construction, into the 2020 National Building Code of Canada (NBC).
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GUIDE INTENT AND APPLICATION
The purpose of this guide is to provide an introduction to the concept of encapsulated mass timber construction.
This guide provides an overview of encapsulation techniques for mass timber construction, and other related
fire protection measures, and summarizes some approved encapsulation materials and application methods and
identifies additional requirements for safety during construction.
This guide is intended to help architects, engineers and designers by reducing uncertainty and allowing for more
confidence in design, as well as providing authorities having jurisdiction and inspectors with a reference for simple
design review.

USE OF THIS GUIDE

Encapsulated mass timber construction is defined in the 2020 NBC provisions as that type of construction in
which a degree of fire safety is attained by the use of encapsulated mass timber elements with an encapsulation
rating and minimum dimensions for structural members and other building assemblies.
Encapsulation materials can be typical noncombustible materials, or materials that meet CAN/ULC-S135 “Test
Method for the Determination of Combustibility Parameters of Building Materials Using an Oxygen Consumption
Calorimeter”, provided the proposed assembly of materials is tested, or deemed, to meet the minimum NBC
requirements for encapsulation. In some cases, encapsulation can be readily achieved with existing construction
methods and materials without the need for new equipment, training or techniques.
Some examples of encapsulation materials include:
•
•
•

Gypsum board,
Gypsum-concrete, or
A combination of these materials.

None of the authors of this guide, nor the Ministry of Natural Resources and Forestry nor their contractors make
any warranty, expressed or implied, or assume any legal liability or responsibility for the use, application of and/or
reference to the information included in this publication. Consult your local Authority Having Jurisdiction or design
professional to assure compliance with applicable Code, construction, and performance requirements.

The encapsulation material, as it applies to encapsulated mass timber construction, is a passive means of
protecting the surface of mass timber elements from direct fire exposure. Encapsulation extends the duration
of time before these combustible structural elements are exposed to the fire, delaying their ignition and possibly
limiting their subsequent contribution to the fire.

WHAT IS ENCAPSULATED MASS TIMBER CONSTRUCTION?

Encapsulation utilizes approved materials, which have tested and proven fire-resistive or insulative properties,
to protect the surface of the mass timber building elements. Prescribed encapsulation ratings, referred to in the
definition for encapsulated mass timber, are achieved when a sufficient thickness or quantity of encapsulation
materials are affixed to the exposed surfaces of the mass timber elements.

To be considered mass timber, individual timber elements must be arranged in heavy solid masses that do not
contain concealed spaces; they must have essentially smooth flat surfaces with no thin sections or sharp projections.
Minimum dimensional requriements will be prescribed in the 2020 NBC. The minimum dimensional requirements
ensure that the structural timber elements will exhibit the fire performance characteristics of mass timber rather than
that of lightweight elements, such as reduced ignition propensity and reduced average rate of fuel consumption.
Mass timber structural elements could consist of any number of large cross-section timber products, such as:
•
•
•
•
•
•

Solid-sawn timber,
Glued-Laminated Timber (Glulam),
Cross-Laminated Timber (CLT),
Nail-Laminated Timber (NLT),
Dowel-Laminated Timber (DLT),
Structural Composite Lumber (SCL).

Encapsulation rating is defined as the time in minutes that a material or assembly of materials will delay
the ignition and combustion of encapsulated mass timber elements when it is exposed to fire under specified
conditions of test and performance criteria, or as otherwise prescribed by Code.
Encapsulation, in the context of encapsulated mass timber, is intended to protect the surface of mass timber
building elements by delaying their ignition and subsequent contribution to a compartment fire for a specific
duration of time. The intent is to limit the effect of the contribution of the protected mass timber elements on
overall fire severity and potential for fire spread within the storey (floor of fire origin). Encapsulation materials
primarily do not have the same purpose as membranes contributing to the fire-resistance ratings of mass timber
elements or fire separations. Even so, in some cases, encapsulation materials can be designed and installed to
meet both encapsulation requirements and requirements for membranes contributing to fire-resistance ratings
for mass timber elements or fire separations. Fire separations are intended to prevent fire spread from one
fire compartment to another fire compartment and must meet separate and specific requirements. The fireresistance rating of those fire separations, where required, may be provided by membrane materials that are
the same or similar to encapsulation materials.

FIRE TESTING
FPInnovations conducted extensive testing to evaluate the
performance of encapsulation materials and conditions.
NRC testing was also performed on encapsulated CLT with
the goal of quantifying the contribution of CLT or mass timber
building elements to compartment fires. The test conditions
were designed to assess a worst-case fire scenario without
the benefits of sprinkler protection or fire department
intervention. The tests determined that fully encapsulated
CLT structures performed well, with little to no contribution to
the compartment fires.

NEW HEIGHTS FOR WOOD CONSTRUCTION
IN THE NBC
The changes proposed for the 2020 edition of the NBC
will permit Group C (residential) or Group D (business
and personal services) major occupancy buildings to be
constructed of encapsulated mass timber up to a height of
12 storeys and would permit certain assembly or commercial
occupancies below the 5th storey.
These buildings would be allowed to have a building area per
storey of up to 6,000 m2 (Group C) or 7,200 m2 (Group D) but
are limited to a maximum of 12 storeys in building height, in
addition to other requirements.
Not all mass timber surfaces within a compartment or suite
are required to be protected with encapsulation.
Some percentage of walls, ceilings, beams, columns and
arches may be permitted to be exposed mass timber within
a suite or compartment subject to conditions in the NBC
including:
•
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•
•

Limits on configuration of exposed walls, ceilings,
beams, columns and arches,
Aggregate area as a percentage of total wall or ceiling
area, and
Reduced flame spread rating.

Where mass timber elements are designed to act as fire
separations which must have a fire-resistance rating, the
mass timber could still be exposed on the condition that the
mass timber meets the required applicable fire-resistance
rating for all major assemblies and load-bearing elements.

WHAT ARE ENCAPSULATION MATERIALS
Encapsulation materials (or assembly of materials) are
products applied to the surface of wood that are to be tested
in accordance with CAN/ULC-S146 “Standard Method
of Test for the Evaluation of Encapsulation Materials and
Assemblies of Materials for the Protection of Structural
Timber Elements”. In the application of CAN/ULC-S146, the
requirement for the application of a superimposed load on
the test specimen does not apply.
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When tested, the encapsulation materials are not to allow
during the fire test sufficient heat to be transmitted through
the encapsulation material to raise the average temperature
on the surface of the wood by more than 250°C above
its initial average temperature, or the temperature at any
individual point on the surface of the wood by more than
270°C above its initial temperature for a certain duration of
time (encapsulation rating).
Where required, the exposed surfaces of structural timber
elements must be protected from adjacent spaces by
encapsulation materials that provide an encapsulation
rating of not less than 25 or 50 minutes. This rating can be
achieved by using deemed-to-comply protection methods,
or equivalent methods that pass the NBC required fire test
requirements.
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OPTIONS FOR ENCAPSULATION MATERIALS
Gypsum-Concrete and Concrete
Gypsum-concrete or concrete topping not
less than 38 mm thick is deemed to achieve
an encapsulation rating of 50 minutes when
installed on the top surface of a mass timber
floor or roof assembly.
Gypsum Board
An assembly consisting of two layers of Type X
gypsum board, each not less than 12.7 mm thick,
is also deemed to achieve an encapsulation
rating of 50 minutes.
The gypsum board is required to be mechanically
fastened to the mass timber element either
directly or on wood nailing elements or resilient/
furring channels, in accordance with the NBC
requirements, and the gypsum board must
conform to either the CAN/CSA or ASTM
standard for gypsum board as referenced in the
NBC.

Service Penetrations
When services penetrate a required fire separation, the continuity of the fire separation and required fireresistance rating needs to be achieved and maintained.
Service penetrations are locations where services such as electrical conduit, ducts or piping pass through
a required fire-resistance rated assembly. Measures need to be taken to maintain the performance level of
penetrated, or partially penetrated assemblies.
There are two main categories of penetration:
•
•

A through penetration is one that passes fully through the entire fire-resistance rated element (either
completely in one location, or entering at one location and exiting through the membrane at an offset
location), and
A partial penetration is one that does not pass fully through the membrane (e.g. inset cabling or recessed
outlet boxes).

Through and partial penetrations of an encapsulated mass timber construction assembly of materials designed
as a required fire separation are required to be sealed by a fire stop system, similar to that required for
any other fire separation as required to maintain the fire separation and fire-resistance rating. Where the
encapsulation material contributes to the required fire-resistance rating, a partial penetration can penetrate
the encapsulation material provided they are sealed at the penetration by a fire stop in accordance with the
NBC. If the encapsulation materials do not (or are not required) to contribute to the fire-resistance rating of the
element, then a partial penetration need not be firestopped, except as otherwise mandated by the code.

ENCAPSULATION DETAILS

Pipes, ducts, electrical outlet boxes, conduits and other totally enclosed raceways, or other similar service
equipment that penetrate an encapsulation material that contributes to the required fire-resistance rating, are
required to be noncombustible unless the encapsulation, along with the fire-rated assembly, was tested with
that service equipment in place.

The encapsulation materials need to achieve the required encapsulation rating in order to delay ignition of the
mass timber structural elements and limit the contribution of the wood to fire growth and severity.

Where the encapsulation material is not contributing to a required fire-resistance rating, a partial penetration
such as an inset conduit are not required to be fire stopped at the penetration.

Other than the roof assembly, all structural (loadbearing) mass timber elements in a building of encapsulated mass
timber construction are required to provide a 2 hour fire-resistance rating. Mass timber floor assemblies must also
be designed as fire separations. Some walls separating suites and other critical spaces within a building may also
be required to be designed as fire separations.
Encapsulation materials may be used for the dual purpose of encapsulation and contributing to a required fireresistance rating or continuity of a fire separation. When encapsulation materials are used to contribute to the fireresistance rating or continuity of a fire separation, the materials are required to be continuous as needed to achieve
the required fire separation and rating.
In cases where the mass timber element is allowed to be exposed and is used as a required fire separation, the
mass timber element itself must provide the required fire-resistance rating and be designed as a fire separation.

Suspended ceilings
Suspended ceilings located below the encapsulation
assembly can be attached to an encapsulated mass
timber construction floor/ceiling assembly through the
encapsulation material with resilient supports and rails.

Fire Stop Systems
A fire stop is a material, component or construction designed
to resist fire spread through openings in an assembly caused
by penetrations for a tested duration of time.
Penetrations in required fire separations or membranes
forming part of an assembly required to have a fire-resistance
rating, are required to be protected with fire stop products
tested to CAN/ULC-S115 “Standard Method of Fire Tests of
Firestop Systems”.
Fire stop products are required to address
movement and control smoke spread; as
such, the flexibility of the material used
as well as the nature of the assembly and
its potential movement must be taken into
consideration.

Doors and Other Closures
When a door or other closure is installed in a mass
timber element, gypsum board protection may or may
not be required to wrap around the opening depending
on whether the mass timber element is a required fire
separation and whether the gypsum board is contributing
to the fire-resistance rating of the fire separation.
1
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Standard fire stop materials include
products such as:
•
•
•
•

Mineral wool/fibre,
Intumescent collars/sleeves,
Fire stop caulking/mastics, or
Fire stop cable transit systems.

Sprinklers
Automatic fire sprinkler systems are considered the most effective way of improving fire safety in a building.
Where the encapsulation material contributes to the required fire-resistance rating, sprinklers are permitted to
penetrate encapsulation materials without having to meet the fire stop requirements, provided the annular space
created by the penetration of a fire sprinkler is covered by a metal escutcheon plate in accordance with NFPA
13, “Standard for the Installation of Sprinkler Systems.” Similarly, combustible sprinkler piping is permitted to
penetrate the encapsulation material provided the adjacent compartment(s) are sprinkler protected.
Attachment of Interior Finishes
In encapsulated mass timber construction structural mass timber elements are required to be arranged in heavy
solid masses containing no concealed spaces.
Wood nailing elements, such as furring channels, are permitted to be used for the attachment of interior finishes in
encapsulated mass timber construction buildings, provided the concealed space created is not more than 50 mm
deep and exposed surfaces in the concealed space have a flame-spread rating not more than 25, or the concealed
space is filled with noncombustible insulation. If the concealed space is 25 mm thick or less, then the flame-spread
rating is not regulated.

When the gypsum board is contributing only as an
encapsulation material, it is not necessary to wrap the
gypsum board behind the door frame. However, when
the gypsum board is contributing to the fire-resistance
rating, the gypsum board, as a best practice, is to be
continuous through and around the openings.
Testing has demonstrated the benefits of wrapping the
frame opening with gypsum board for fire doors.
Edge Finishing
Encapsulation materials are not required to be continuous
where those materials are not contributing to a fireresistance rating or fire separation.
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Encapsulation materials on the surface of a mass timber
element can butt up against other encapsulation materials,
exposed mass timber or other construction materials.
Encapsulation materials need not be continuous through
a construction joint.
Where a wall or ceiling is permitted to be exposed or
partially exposed, per the limits of the NBC, encapsulation
materials may terminate before a construction joint in
order to leave some mass timber exposed.

1 Two layers of minimum 12.7 mm Type X Gypsum board is only applicable

when the mass timber element is a loadbearing element and is not otherwise
permitted to be exposed.

PROTECTION OF MASS TIMBER DURING CONSTRUCTION

Encapsulation During Construction
To address safety during construction, a protective encapsulation material, or assembly of materials, providing
an encapsulation rating of not less than 25 minutes is required for a certain amount of the mass timber
elements.

Mass timber buildings under construction present a particular fire
risk, to the structure itself and to adjacent property and persons,
due to the incomplete nature of the active and passive fire
protection features of the building.

Not more than the four uppermost contiguous storeys are permitted to be unprotected during construction.
Projects therefore need to be planned to ensure lower storeys are provided with protective encapsulation
prior to commencing work on upper storeys. Project scheduling and coordination will need to be taken into
consideration to ensure compliance is maintained.

Hazards that exist at construction sites, include:
•
•
•
•

Combustible materials adjacent to viable ignition sources
(e.g. electrical equipment or hot work such as welding),
Incomplete fire-safety systems such as sprinklers,
Incomplete passive fire-separations such as doors,
finished walls and other separations that slow fire spread,
and
Potential site security issues.

When required, protective encapsulation needs to provide coverage such that not more than 20% of the area
of the underside of each mass timber floor assembly on each storey is exposed during construction.
Protective encapsulation needs to be installed on:
Brock Commons

Care needs to be taken in the planning and phasing of construction
to ensure hazards are reduced and the risk of fire is mitigated
and managed throughout the project.
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•
•
•

The interior side of construction stairways,
The interior side of vertical service spaces where
the enclosures are constructed of mass timber
elements,
Each face of solid lumber or mass timber partitions
not less than 38 mm thick,

Large wood buildings under construction represent a hazard due
to their inherent size and the potential heat release from the fire
load present. These construction phase hazards are addressed
by proposed changes to the National Fire Code of Canada.

and such that not more than 35% of the total area of
structural mass timber walls within the storey is exposed
during construction. Beams, columns, and arches need
not be protected during construction.

In addition to the standard requirements regarding safety at
construction and demolition sites there are several requirements
proposed to be specific to encapsulated mass timber construction:

The encapsulation material is permitted to consist of a
single layer of Type X gypsum board not less than 12.7
mm thick conforming to the NBC.

•
•
•
•

Firefighting water supply is required as soon as
encapsulated mass timber construction material arrives
on site,
At least two stairs are required in addition to the base
‘means of egress during construction’ requirements,
A standpipe is required to be installed and a hydrostatic
test and pneumatic test are required for each new level
where hose valves are installed, and
Protective encapsulation material is required during
construction.
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Brock Commons
2 Encapsulation on top of a floor, or concealed space above a roof, is not required during construction.
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