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Fire Performance of Heavy Timber Connections 

Abstract 
This report summarises the findings in a project directed at determining what is known about the fire 
performance of connections b~tween heavy timber members. 

In Canada, where a 45 minute fire-resistance rating is required, the NBCC lists minimum dimensions of 
solid sawn or glulam columns (loaded in compression), beams (loaded in bending) and trusses (bottom 
chord loaded in tension) which achieve the rating. Methods for designing connections between solid 
sawn or glulam members that preserve the 45-minute rating are also provided. Where a one-hour fire 
resistance rating is required, the NBCC provides equations to calculate the dimensions of glulam columns 
(loaded in compression) and beams (loaded in bending) which achieve the rating. However, no guidance 
is given for designing glulam members loaded in tension and no guidance is given on connections 
between glulam members that preserve the one-hour rating. Furthermore, no guidance is provided for 
designing solid sawn members (or their connections) when loaded in compression, bending or tension. 

In the U.S.A., the minimum cross-sectional dimensions of glulam and solid-sawn timber beams and 
columns that achieve a 1-hour rating can be calculated from the same simple formulae provided in 
NBCC. As an alternative, a more advanced mechanics-based method can be used to calculate minimum 
cross-sectional dimensions of glulam and solid-sawn timber loaded in bending, compression and tension. 
Where a 1-hour fire-resistance rating is required, connectors and fasteners must be protected from fire 
exposure by wood, fire-rated gypsum board, or any coating approved for the required fire-resistance 
time. This approach does not account for any inherent fire resistance of the connection but rather requires 
it be protected by wood, fire-rated gypsum board or a coating that can provide the entire 1-hour rating. 

In Europe, guidance is provided on how to design wooden structures and their connections to achieve fire 
resistance ratings up to one hour. Extensive guidance is given for connections consisting of two structural 
members spliced together with side plates of wood or steel and held together with dowel-type fasteners 
(nails, bolts, dowels and screws). Unprotected wood-to-wood connections of this sort, designed in 
compliance with ambient (non-fire) design standards, have an inherent fire resistance rating of at least I 5 
minutes. The fire-resistance rating can be increased to 30 minutes or even 60 minutes by the application 
of wood, wood-based or gypsum board panels with thickness calculated using simple formulas. As an 
alternative, a fire-resistance rating up to 60 minutes can be achieved using connections with internal steel 
plates. 

There is currently no guidance provided to designers in Canada on how to design a connection between 
heavy timber members that can ensure a 1-hour rating. As this seems inappropriate, it is strongly 
recommended that Canadian building code committees be approached and requested to adopt either the 
approach taken in the USA or the one in Europe. 
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1 Objectives 
Ensure methods are in place to design connections for heavy-timber columns and beams that meet both 
structural and fire-resistance requirements. 

2 Introduction 
The Canadian wood industry would like to enjoy a larger share of the non-residential market at home and 
abroad. Within this market, there are opportunities for increased u·se of both light-frame construction and 
construction employing more massive members. This project was initiated in order to address an issue of 
great importance in the design of a structure comprising massive timber members; namely, the fire 
performance of connections. 

Building codes around the world set fire-protection requirements in order to ensure an adequate level of 
safety in buildings. Key building elements are required to exhibit a prescribed fire-resistance rating in 
order to prevent or at least delay the collapse of the building's structure. Such requirements are intended 
to ensure the means of egress are not jeopardised before occupants can escape from a burning building. 

The fire-resistance rating of a structural element is determined by subjecting it to a standard test such as 
CANIULC-S 10 I, ASTM E 119 or ISO 834. The fire-resistance rating is simply the time that the element 
continues to support its design load while being subjected to a standard fire exposure expressed in terms 
of a temperature versus time curve. 

Much is known about the fire-resistance ratings of massive timber members, but very little guidance is 
available for the fire-resistance design of connections between massive timber members. Most of these 
connections are constructed of steel and steel is known to rapidly lose its strength at temperatures 
approaching 550°C. As the fire reaches this temperature within the first five minutes of a standard test, 
there has been concern expressed that steel connections may compromise the fire-resistance ratings of 
massive timber structures. 

This report summarises the findings in a project directed at determining what is known about the fire 
performance of connections between massive timber members. A literature search was undertaken to 
determine what research has been undertaken and what guidance is provided to designers around the 
world. The report concludes with some recommendations on what research is needed in the field and on 
what guidance can be provided to designers now without the need for further research. 

3 Background 
The design of large cross-sectional wooden elements that meet both the structural and fire safety 
requirements of the National Building Code of Canada (NBCC) NBCC entails four steps: 
• Part 3 of the NBCC, which regulates fire safety, is consulted to determine whether, given the 

occupancy, height and area of the proposed building, the structure can be built of combustible 
elements. If so, Part 3 also establishes the fire-resistance ratings the structural elements must exhibit. 
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• Part 4 of the NBCC is consulted to determine the (factored) loads each structural element must resist. 
• For buildings permitted to be of timber construction, the NBCC refers the designer to CSA 086.1 

Engineering Design in Wood to calculate the minimum acceptable cross-sectional dimensions of 
members and the appropriate connections that ensure the (factored) resistance is sufficient to resist 
these factored loads. 

• The designer can now consult Part 3 or Appendix D of the NBCC to determine whether these cross
sectional dimensions are sufficient in order to achieve the required fire resistance rating. 

The last step often yields minimum dimensions to ensure adequate fire resistance that are greater than 
those derived in the first step to ensure adequate structural resistance. The larger dead loads arising from 
larger timbers mean that, in principle, one needs to repeat the first step. In 2000/2001, Project 2703 
"Design of Heavy Timber Beams and Columns" was undertaken to develop a methodology to integrate 
the design of glulam columns and beams to meet both the structural requirements of Part 4 and the fire
resistance requirements of Part 3. The approach was based solely on the fire performance of the wooden 
portions of such assemblies. 

Unfortunately the NBCC provides little to no guidance on whether connections designed in accordance 
with structural design methodology defined in Part 4 are able to meet the fire resistance requirements 
established in Part 3. 

4 Staff 
J.R. Mehaffey, Ph.D. 
L.R. Richardson 
L. Poliquin, F. Eng., M.Sc. 
R. Desjardins, P.Eng., M.Sc. 

Project Leader and Research Scientist, Fire Research 
Group Leader, Fire Research 
Former Program Manager, Building Systems 
Current Program Manager, Building Systems 

5 Proposed Approach 
Originally, this project was to be carried out in 2001-2002 in collaboration with Professor Juan Salinas of 
Carleton University. It was anticipated that the bulk of the labour would be done, free-of-cost, through a 
41

h -year undergraduate student project. However, no student came forward to take on this project. As a 
consequence the completion date of the project was extended to March 2003 and Forintek became more 
aggressive in attracting a student. In the summer of 2002, a contract was signed with Carleton University 
whereby Mr. Michel Bisson, a student in Civil Engineering, would spend the four-month summer term 
working on this project under the joint supervision of 1 .R. Mehaffey and Professor Salinas. 

The proposed work plan was as follows: 
• By September 2002, a literature search would be conducted to determine what research has been 

undertaken. 
• By December 2002, a literature would be conducted to determine what guidance is provided around 

the world. 
• By March 2003, a report would be written summarising the findings and recommending action (if 

needed). 
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6 Results and Discussion 
6.1 Canadian Regulations and Practice 

6.1.1 General Requirements of the National Building Code of Canada 

In Canada, houses must meet the prescriptive requirements of Part 9 of the NBCC and, whether of wood
frame or post-and-beam construction, are not generally required to be fire-rated. Houses are not 
considered herein as they do not involve the use of timber members with large cross-sectional areas. 

The fire safety requirements that govern the design of buildings that must be engineered are in Part 3 of 
the NBCC. The first step in this project was to review requirements in Part 3 pertaining to the design of 
buildings employing large cross-section timbers. This section summarizes the findings of that review. 

Whether the structure of a given building can be of combustible construction or not depends upon: 
• The occupancy (use) of the building; 
• The building height (number of storeys above grade); 
• The building area (area of largest storey); and 
• Whether the building is sprinklered. 

The structure of most buildings permitted to be of combustible construction must have either a 45-minute 
or 1-hour fire-resistance rating. The buildings that require the 1-hour rating are typically those with 
vulnerable occupants, high fuel loads, large building areas or many storeys (3 or 4). In some mixed-use 
buildings, parts of the structure may need a 2-hour rating. 

6.1.2 Structures Requiring a 45-minute Rating 

Where combustible construction is required to have a fire-resistance rating of 45-minutes, heavy timber 
construction is permitted. Heavy timber construction is a type of construction in which fire safety is 
attained by placing limitations on the sizes of structural members, by placing limitations on the thickness 
of floors and roofs; and by avoiding concealed spaces under floors and roofs. The minimum cross
sectional dimensions of wood elements in heavy timber construction are given in Table 6.1. In effect, the 
NBCC recognises that timber sized to these minima provides a level of safety that is deemed equivalent to 
45 minute rated wood-frame construction. 
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Table 6.1 Minimum Dimensions in Heavy Timber Construction 

Supported 
Solid Sawn Glulam Round 

Assembly 
Structural Element (width x depth) (width x depth) (diameter) 

mmxmm mmxmm mm 
Columns 140 X 191 130 X 190 180 
Arches supported on the tops of 

89 X 140 80 X 152 walls or abutments -
Roofs only 

Beams, girders, and trusses 89 X 140 80 X 152 -
Arches supported at or near the 

140 X 140 130 X 152 floor line -

Floors, floors 
Columns 191 X 191 175 X 190 200 

140 x 191 or 130 x 228 or plus roofs Beams, girders, trusses, and arches 
191 X 191 175 X 190 

-

The NBCC also provides rather prescriptive but generic guidance on the design of connections for use in 
heavy timber construction. Several examples follow: 
• Sentence 3.1.4.6.(4) describes how roof trusses, roof beams and roof girders can be spliced with 

splice plates not less than 64 mm thick. 
• Sentence 3.1.4.6.(9) describes how superimposed columns can be connected by reinforced concrete or 

metal caps with brackets; by steel or iron caps with pintles and base plates; or by timber splice plates 
fastened to the columns by metal connectors housed within the contact faces. 

• Sentence 3.1.4.6.(11) states that beams and girders must be closely fitted to columns, and adjoining 
ends must be connected by ties or caps. 

• Sentence 3.1.4.6.(l2)states that intermediate beams used to support a floor must be supported on the 
top of girders or on metal hangers into which the ends of the beams are closely fitted. 

The definition of heavy timber construction suggests that it provides equivalent fire safety to combustible 
construction (for example, wood-frame platform construction) with a fire-resistance rating of 45-minutes. 
As a matter of curiosity, it interesting to note, however, that there instances where the NBCC recognises 
heavy timber construction as being equivalent to: 
• unrated non-combustible construction (Articles 3.2.2.35, 3.2.2.80 and 3.2.2.81); and 
• non-combustible construction rated for 45 minutes (Articles 3.2.2.21 and 3.2.2.64). 

6.1.3 Structures Requiring a 1-hour Rating 

As noted earlier, the structure of many buildings of combustible construction is required to have a fire
resistance rating of 1-hour. The minimum cross-sectional dimensions of glulam beams and columns that 
achieve a 1-hour rating can be calculated from simple formulae provided in Appendix D to the NBCC. 
The formulae account for the load the element is supporting and the exposure conditions (3-sided versus 
4-sided exposure). While guidance is provided for modelling the fire resistance of glulam beams that are 
loaded in bending and glulam columns which are loaded in compression, the NBCC provides no guidance 
on modelling the fire resistance of glulam members loaded in tension. 

On the other hand, neither the NBCC nor any other Canadian document uncovered in our literature search 
provided a method for determining the minimum cross-sectional dimensions of solid sawn timber 
structural members that can achieve a 1-hour rating. 
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Furthermore, Forintek found no Canadian document that gives guidance on the selection of timber 
connections that preserve the 1-hour rating delivered by large timber members. It is tacitly assumed that a 
connection, designed in accordance with CSA 086.1 to meet the non-fire loading requirements of Part 4 
of the NBCC, will automatically preserve the 1-hour rating. This is a surprising assumption as 
connections are known to be the weakest link in a timber structure under non-fire conditions and, under 
fire conditions, connections constructed of steel must necessarily be judged vulnerable. 

6.2 American Regulations and Practice 

6.2.1 American Building Codes 

As in Canada, single-family houses in the U.S.A., whether of wood-frame or post-and-beam construction, 
are not generally required to be fire-rated. 

Also as in Canada, for larger buildings that must be engineered, whether the structure can be of wood
frame or more massive timber construction depends upon: 
• The occupancy (use) of the building; 
• The building height (number of storeys above grade); 
• The building area (area of largest storey); and 
• Whether the building is sprinklered. 

American building codes do not permit construction of 45-minute rated buildings; but do permit 
construction of 1-hour rated buildings of both light-frame construction and construction employing more 
massive members. It is interesting to note that although the same height restrictions apply in the U.S.A. 
and in Canada, American building codes generally permit construction of larger area wooden buildings, 
whether of wood-frame construction or more massive timber construction. 

6.2.2 Structures Requiring a 1·hour Rating 

The American Wood Council publication TRl 0 Calculating the fire resistance of exposed wood members 
is the principle method for assessing the fire-resistance rating of large timbers members and is cited for 
the purpose in American building codes. 

The minimum cross-sectional dimensions of glulam and solid-sawn timber beams and columns that 
.achieve a 1-hour rating can be calculated from the same simple formulae provided in Appendix D to the 
NBCC. The computation of the effect of loading of the member is moderately different as the U.S.A. 
employs Working Stress Design as opposed to the Limit State Design approach used in Canada. 
Otherwise the American and Canadian formulae are identical. 

As an alternative to these simple formulae, TRI 0 presents a more advanced mechanics-based method in 
order to calculate minimum cross-sectional dimensions of glulam and solid-sawn timber loaded in 
bending, compression and tension. 

The guidance provided to American designers of massive timber members is therefore more extensive 
than that provided to Canadian designers. TRIO addresses glulam and solid sawn timbers loaded under 
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bending, compression and tension. Appendix D of the NBCC only addresses glulam members loaded 
under bending and compression. 

TR 10 goes on to state that where a !-hour fire-resistance rating is required, connectors and fasteners must 
be protected from fire exposure by wood, fire-rated gypsum board, or any coating approved for the 
required fire-resistance time. A few figures are included to show how this can be done. It must be 
recognised, however, that TRl 0 implicitly assumes that the connection itself has no inherent fire 
resistance and hence must be protected by wood, fire-rated gypsum board or a coating that can provide 
the entire 1-hour rating. This is clearly better than the Canadian situation where no guidance is offered, 
but is likely to be quite conservative. 

6.3 European Regulations and Practice 

6.3.1 European Building Codes 

Each country in Europe still has its own building code. In some countries, such as Switzerland, the 
building code permits construction with massive timber members for many buildings, and, in practice, 
many such buildings are constructed. In other countries, such as Greece, the building code tightly 
restricts construction with massive timber members. The fire-resistance ratings required for timber 
construction also vary from country to country, and from application to application within a country. The 
range appears to be 15 minutes to l hour. 

Although they are still voluntary documents, the Eurocodes are a first attempt at harmonisation in Europe. 
They provide uniform guidance to engineers across Europe on how to undertake structural fire design. 
Eurocode l: Action on Structures identifies the loads a structure must support and Eurocode 5: Design of 
Timber Structures details how wooden structures and their connections can be designed to support these 
loads under ambient conditions. Eurocode 5, Part 1.2: General Rules -Structural Fire Design provides 
guidance on how to design wooden structures and their connections to achieve fire resistance ratings up to 
one hour. 

6.3.2 Structures Requiring a Fire Rating 

Part 1.2 of Eurocode 5 provides guidance for symmetrical three-member connections with laterally loaded 
dowel-type fasteners (nails, bolts, dowels and screws). Typically such connections consist of two 
structural members spliced together with side plates of wood or steel. For such connections using wood 
side members, Part 1.2 provides two methods for determining the fire resistance rating: the reduced load 
method and the simplified rules method. The reduced load method is complex and cumbersome to apply 
but scientifically sound; whereas, the simplified rules method has been constructed to be useful for design 
applications. The simplified rules method states that for unprotected wood-to-wood connections that have 
spacing between fasteners, fastener distance to the edge of side members and wooden side member 
thickness all in compliance with Eurocode 5 "ambient design", the inherent fire resistance rating is at 
least 15 minutes. 

For wood-to-wood connections using nails, dowels or screws with non-projecting heads, the simplified 
rules method provides provisions for increasing the fire resistance rating of an unprotected connection to 
a maximum of 30 minutes. This is achieved by increasing the thickness and width of the wooden side 
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members as well as increasing the end and edge distance to fasteners by amounts that can be calculated 
from simple algebraic equations. 

The simplified rules method also provides a method for increasing the fire resistance of an unprotected 
connection to a maximum of 60 minutes. The connections can be protected by wood, wood-based or 
gypsum board panels with a required thickness calculated using simple formulas. 

As an alternative, a fire-resistance rating up to 60 minutes can be achieved using connections with 
internal steel plates. The simplified rules method provides tables for determining the dimensions 
(thickness and width) of the plate. Methods for protecting the edges of the steel plates are also provided. 

A more detailed account of the approach taken in Part 1.2 of Eurocode 5 is given in a student report 
prepared by Mr. Michel Bisson. A copy of that report is attached as Appendix I. 

6.3.3 Fire Tests Conducted in Support of the Eurocodes 

A series of 14 standard fire tests were conducted in France to verify the assumption of Part 1.2 (of 
Eurocode 5) that unprotected wood-to-wood connections in compliance with ambient design requirements 
(as specified in Part 1.1 of Eurocode 5) exhibit a fire-resistance rating of at least 15 minutes (Kruppa 
2000). 

All tests were conducted on connections loaded in tension as this represents the most vulnerable loading 
condition. A wide variety of connections that are permitted by ambient design were included in the 
testing program. Without exception, the tested connections all yielded a fire resistance rating in excess of 
15 minutes as stated in Part 1.2 of Eurocode 5. 

A more detailed discussion of the fire tests conducted in support of Part 1.2 of Eurocode 5 is also 
included in the report prepared by Mr. Michel Bisson. 

7 Conclusions 
This report summarizes the findings of a review of international codes and standards, and scientific 
literature relating to the fire resistance of connections employed in structures of large cross-sectional 
timbers. 

It was found that, in Canada, where a 45 minute fire resistance rating is required, the NBCC lists 
minimum dimensions of solid sawn or glulam columns (loaded in compression), beams (loaded in 
bending) and trusses (bottom chord loaded in tension) which achieve the rating. Methods for designing 
connections between solid sawn or glulam members that preserve the 45 minute rating are also provided. 
Where a one-hour fire resistance rating is required, the NBCC provides equations to calculate the 
dimensions of glulam columns (loaded in compression) and beams (loaded in bending) which achieve the 
rating. However, no guidance is given for designing glulam members loaded in tension and no guidance 
is given on connections between glulam members that preserve the one-hour rating. Furthermore, no 
guidance is provided for designing solid sawn members (or their connections) when loaded in 
compression, bending or tension. 
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In the U.S.A., the minimum cross-sectional dimensions of glulam and solid-sawn timber beams and 
columns that achieve a !-hour rating can be calculated from the same simple formulae provided in 
NBCC. As an alternative to these simple formulae, a more advanced mechanics-based method can be 
used to calculate minimum cross-sectional dimensions of glulam and solid-sawn timber loaded in 
bending, compression and tension. TR 10 states that where a !-hour fire-resistance rating is required, 
connectors and fasteners must be protected from fire exposure by wood, fire-rated gypsum board, or any 
coating approved for the required fire-resistance time. This approach does not account for any inherent 
fire resistance of the connection but rather requires it be protected by wood, fire-rated gypsum board or a 
coating that can provide the entire 1-hour rating. 

In Europe, guidance is provided on how to design wooden structures and their connections to achieve fire 
resistance ratings up to one hour. Extensive guidance is given for connections consisting of two structural 
members spliced together with side plates of wood or steel and held together with dowel-type fasteners 
(nails, bolts, dowels and screws). Unprotected wood-to-wood connections of this sort, designed in 
compliance with ambient design as specified in the Eurocodes, have been found to have an inherent fire 
resistance rating of at least IS minutes. The fire-resistance rating of such connections can be increased to 
30 minutes by increasing the thickness and width of the wooden side members, and increasing the end 
and edge distance to fasteners by amounts that can be calculated from simple algebraic equations. To 
increase the fire-resistance rating to 60 minutes, the connections can be protected by wood, wood-based 
or gypsum board panels with a required thickness calculated using simple formulas. As an alternative, a 
fire-resistance rating up to 60 minutes can be achieved using connections with internal steel plates. 

There is currently no guidance provided to designers in Canada on how to design a connection between 
heavy timber members that can ensure a !-hour rating. As this seems inappropriate, it is strongly 
recommended that Canadian building code committees be approached and requested to adopt either the 
approach taken in the USA or the one in Europe. 
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The Fire Resistance of Connections by Michel Bisson 
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1 Introduction 

1.1 The National Building Code of Canada 
The National Building Code of Canada (NBCC) governs building construction in Canada. Federal, 
provincial, and municipal building regulations are based on this code to ensure that buildings are 
structurally sound, accessible, and safe from fire and health hazards. 

For small buildings, structural and fire design requirements are contained in Part 9 of the NBCC. When 
planning the construction of a larger or more complex building, the designer applies Part 4 of the building 
code to meet the structural design requirements. This is followed by the application of Part 3 to satisfy 
fire protection and occupant safety measures. This report addresses the larger, more complex buildings of 
wood construction which are governed by Parts 4 and 3. 

General requirements for wood construction using solid-sawn or glued-laminated (glulam) heavy timber 
are given in the code, but specific details on the strength properties, fabrication, installation, maintenance, 
and treatment of the wood members are governed by specific standards. In Canada, these standards 
include CAN/CSA-0141-91 "Softwood Lumber," CAN/CSA-0122-M89 "Structural Glued-Laminated 
Timber," and CAN/CSA-0177-M89 "Qualification Code for Manufacturers of Structural Glued
Laminated Timber." The basis for the design of wood construction in compliance using large cross
section wooden timber members in compliance with Part 4 of the NBCC is overseen in CSA-086.1-94 
"Engineering Design in Wood (Limit States Design)." 

1.2 Engineering Design in Wood 

CSA-086.1-94 supersedes the 1989 version (CAN/CSA-086.1-M89) and its supplement (Supplement 
No. 1-93). As of this version, CSA Standard 086-M84 "Engineering Design in Wood (Working Stress 
Design)," is officially withdrawn. As a result, limit states design is now the recommended method of 
design with wood. 

This standard " ... provides criteria for the structural design and appraisal of structures or structural 
elements made from wood or wood products ... employing the limit states design method."3 The standard's 
objective is to ensure (with reasonable certainty) that a structure will adequately perform its intended use. 
A structure is considered "fit for use" if the structure itself, its components, and its connections satisfy 
basic design requirements, strength limit states, and serviceability limit states.b There are many design 

• Clause 1.1 in CSA-086.1-94. 
b Clauses 3.3, 4.1 .2, and 4.1.3 respectively in CSA-086.1-94. 
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assumptionsc made in the design requirements, however, there is one that causes concern and is of interest 
to this study. The CSA-086.1-94 standard assumes a maximum wood temperature of 50°C, with 
occasional exposures of 65°C. 

CSA-086.1-94 is based on cold design and provides no guidance on the fire resistance or behaviour of 
heavy timber connections at elevated temperatures. The NBCC provides some guidance on fire design, 
using heavy timber beams and columns, but provides few details on connections. The information given 
in the code deals with wood columns under compression and beams under bending loads. It provides no 
guidance on the fire resistance of heavy timber tension members and connections, which are vital in the 
design of heavy timber trusses and long span beams under fire conditions. 

The fire resistance of heavy timber connections under normal loading conditions is of particular interest 
here since it is normally the weakest point of resistance in structural assemblies in a standard fire. Great 
progress has been made in Europe through the creation of the Eurocode Programme. Specifically, the 
Eurocode concerning the design of timbeJ;" structures provides some direction into the design of heavy 
timber connections and the behaviour of wood at elevated temperatures. 

1.3 Eurocode Programme 
The Eurocode programme was created in 1975 by the Commission of the European Communities with the 
goal of eliminating the technical obstacles to trade and to harmonise existing technical specifications in 
the field of construction in Europe. It was designed such that the harmonized technical rules would 
initially serve as an alternative to the ones in place in the various member states, then would ultimately 
replace them. The Eurocode documents provide: a reference to verify compliance in the areas of 
mechanical resistance and stability, a basis for specifying contracts for construction works and related 
engineering services, a framework for drawing-up harmonized technical rules, and guidance on safety in 
case of fire. 

The first generation of the European codes appeared in the 1980's. In 1989, an agreementd between the 
Commission of the European C~mmunities and the European Committee for Standardisation (CEN) was 
made to transfer the preparation and the publication of the Eurocodes to the CEN. This work was 
implemented through a series of mandates with the goal of commissioning the codes to the official status 
of European Standards (EN). The various Eurocodes, as shown in Table 3.1, are organized in such a way 
that allow users to work with the relevant documents based on the building materials or design methods to 
be used. Most of the Eurocodes consist of Parts that provide additional rules or guidance. In the case of 
timber structures, there exists Part 1.2, which deals with structural fire design. 

c Clause 3.3 .4 in CSA-086.1-94. 

d Agreement between the Commission of the European Communities and the European Committee for Standardisation (CEN) 
concerning the work on Eurocodes for the design of building and civil engineering works (BC/CEN/03/89). 
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Table 3.1 Eurocode standards 181 

Document Title Description 

EN 1990 Eurocode: Basis of structural design 
EN 1991 Eurocode 1: Actions on structures 
EN 1992 Eurocode 2: Design of concrete structures 
EN 1993 Eurocode 3: Design of steel structures 
EN 1994 Eurocode 4: Design of composite steel and concrete structures 
EN 1995 Eurocode 5: Design of timber structures 
EN 1996 Eurocode 6: Design of masonry structures 
EN 1997 Eurocode 7: Geotechnical design 
EN 1998 Eurocode 8: Desig_n of structures for earthquake resistance 
EN 1999 Eurocode 9: Design of aluminium structures 

Eurocode 5, Part 1.2: General Rules - Structural Fire Design (prEN 1995-1-2) "describes the principles, 
requirements and rules for the structural design of buildings exposed to fire .... "e It offers a set of design 
rules for dowel-type heavy timber connections in fire and simplified models for wood properties at 
elevated temperatures. EN 1995-1-2 deals with passive fire protection such as designing the structure or 
its parts for adequate load bearing resistance during a fire, and limiting fire spread. 

Countries utilizing the structural Eurocodes as published by the CEN may do so as part of their National 
Standards provided they follow specific guidelines. The document must contain a National Title Page, a 
National Forward, and the entire text of the Eurocode, followed by a National Annex. This aggregated 
document is known as the "National Application Document." The Annex of the National Application 
Document contains information on parameters left open in the Eurocode for National choice called 
"Nationally Determined Parameters." These parametersr, which are applicable in the country where the 
building or civil engineering works are to be constructed, may consist of: 

• values and/or classes where alternatives are given in the Eurocode, 
• values to be used where only a symbol is given the Eurocode, 
• country specific data (geographical, climatic, etc.), 
• procedure to be used where alternatives are given, 
• decisions on the application of informative annexes, or 
• any other non-contradictory information to assist the user to apply the Eurocodes. 

1.4 Fire Severity and Resistance 
The basic requirement in building design for fire safety is to ensure the fire resistance of key assemblies is 
greater than the fire severity expected during the period of fire exposure. This statement is verified by the 
following fundamental equation: 

fire resistance ~ fire severity 

• Page 5 in prEN 1995-1-2. 

r "National Standards Implementing Eurocodes" in prEN 1995-1-2, page 4. 
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Fire resistance is the ability of a structural member to resist collapse during exposure to a standard fire or 
a specified fire severity. Fire severity is a measure to determine the destructive impact of fires, destructive 
forces on a structure, or the effect of temperature on a structure during a fire. Fire severity can be 
measured in the time, temperature, or strength domains. For example, the time of failure for a beam must 
be greater than or equal to the period of fire exposure (trail~ts). Similarly, the load capacity of a beam at 
elevated temperature must be greater than or equal to the applied load during fire (Rr~Ur). 

In Structural Design for Fire Safety, author Andrew Buchanan describes fire resistance as "a measure of 
the ability of a building element to resist a fire ." A fire resistance rating is assigned to an assembly of 
building elements, not to individual building materials. For example, walls, beams, columns, trusses, 
floors, or roofs may be assigned a fire resistance. However, the members that make up each of these are 
not rated individually. Ratings are usually expressed in whole or fractions of hours (e.g. 1 H or 1.5H), but 
are sometimes given in minutes (e.g. 45, 60, 90 mins). The resistance of building elements depends on 
many variables: the degree of fire severity, the material used, the geometry of the elements, its attachment 
to the surrounding structure, and applied loads during the fire. A fire resistance rating of a building 
element can be determined by subjecting the element to a standard fire test. This report reviews simple 
empirical methods for calculating fire resistance ratings of large cross-sectional members and their 
connections. 

1.5 Standard Fire Tests 
Large-scale fire tests are utilized in many countries to determine the fire resistance of building elements 
or assemblies and to observe their behaviour under an applied load. Standard fire tests are useful since 
they provide a consistent basis to test different assemblies under similar fire conditions for comparison. 
These tests are often referred to as a "standard fire" because they follow strict guidelines. The most 
important standards are ASTM E 119 and ISO 834. Many countries have their own national test standards, 
such as the Canadian CAN/ULC S 10 1-M89, the British BS 4 76 Parts 20-23, and the Australian AS 1530 
Part 4. These and other national standards are based on either ASTM E 119 or ISO 834. 
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2 Practice in Canada and Abroad 
2.1 Structural Fire Design in Canada 

Structural fire design in Canada is governed by the National Building Code of Canada (NBCC). Part 4, 
Structural Design, provides the basis of design to satisfy the strength, stability, and serviceability 
requirements of buildings. Part 3, Fire Protection, Occupant Safety and Accessibility provides rules for 
fire safety and considers many important elements for protection in fire. Those that are of particular 
interest to this study are fire resistance ratings (for structural fire protection and compartmentation), and 
fire suppression systems (i.e. automatic sprinklers). Wood construction essentially follows a two-step 
design process as it is given in the NBCC. First the designer applies Part 4 of the code to meet the 
structural requirements, then applies Part 3 to meet the fire safety requirements. 

To implement the structural requirements for a building, factored loads must be determined. Factored 
loads consider the estimated total sum of all the permanent, semi-permanent, and variable loads the 
structure could experience at any given point in time. Examples of permanent loads, or dead loads, 
include the weight of the structure itself, all materials incorporated into the structure and permanently 
supported, and any permanent equipment. Examples of variable loads, or live loads, include loads from 
snow, ice, rain, wind, earth and hydrostatic pressure, and loads arising from the building's intended use or 
occupancy. Dead and live loads are factored or multiplied by factors to increase their load effects to 
ensure a high degree of safety. Section 4.1 of the NBCC provides details on how to find the factored dead 
and live loads. Next, a structural analysis is needed to determine the maximum axial, shear, and bending 
moment loads in all parts of the structure. Wood members are selected such that their factored resistance 
is greater than or equal to the factored loads found in the analysis. The CSA-086.1-94 standard provides 
strength properties for various species and grades of wood, and the resistance of fastenings at cold 
temperatures. The Wood Design Manual, based on CSA-086.1-94, provides simple look-up tables and 
formulas to aid the designer in the selection. 

The next step in wood construction is to consider the fire safety requirements as given in Part 3 of the 
NBCC. In order to do this, several parameters such as the building's occupancy, fire resistance rating 
(FRR), and size must be determined. The NBCC classifies buildings according to their major occupancy 
into Groups and Divisions given in Table 4.1. In cases where buildings contain more than one major 
occupancy, special rules apply; generally, the most restricted fire safety requirements for the occupancies 
are taken and applied to the entire building. Building size, which comprises its area and height in storeys, 
must also be considered. The area of the building is defined as " ... the greatest horizontal area of a 
building above grade within the outside surface of exterior walls or within the outside surface of exterior 
walls and the center line of firewalls."g The building's height in storeys is " ... the number of storeys 
contained between the roof and the floor of the first storey. ,h 

Once the classification and size of the building are known, then the required FRR can be determined. For 
buildings with multiple occupancies, the FRR of the fire separation (the structure separating the 
occupancies) must be determined. Table 4.2 shows the required FRR of the fire separations for various 
adjoining occupancies. Articles 3.2.2.20 through 3.2.2.83 of the NBCC dictate whether or not 

8 Article 1.1.3.2 in the NBCC. 
h Article 1.1.3.2 in the NBCC. 
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combustible construction is permitted based on the parameters mentioned above. If not, then wood 
construction is not permitted and the structure is to be built using non-combustible construction. If 
combustible construction is permitted and it is not required to have a FRR greater than 45 minutes, then 
Heavy Timber Construction is allowed. Heavy Timber Construction is defined in the NBCC as: 

... A type of combustible construction in which a degree of fire safety is attained by 
placing limitations on the sizes of wood structural members and on thickness and 
composition of wood floors and roofs and by the avoidance of concealed spaces under 
floors and roofs.i 

In other words, if Heavy Timber Construction is permitted, then the code recognizes the structure to 
exhibit a fire resistance rating (FRR) of 45 minutes. The structure and its elements must then conform to 
Article 3.1.4.6, Heavy Timber Construction, including using wood members with the minimum 
dimensions shown in Table 4.3. A complete extract of Article 3.1.4.6 as given in the NBCC is provided in 
Appendix I. 

Table 4.1 . Major Occupancy Classification 161 

Group Division 

l 

A 2 
3 
4 

l 
B 

2 

c -
D -
E -

I 
F 2 

3 

; Articles 1.1.3 .2 and 3.1.4.6 in the NBCC. 
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Description of Major Occupancies 

Assembly occupancies intended for the production and viewing of the 
performing arts 
Assembly occupancies not elsewhere classified in Group A 
Assembly occupancies of the arena type 
Assembly occupancies in which occupants are gathered in the open air 
Care or detention occupancies in which persons are under restraint or are 
incapable of self preservation because of security measures not under their 
control 
Care or detention occupancies in which persons having cognitive or physical 
limitations require special care or treatment 
Residential occupancies 
Business and personal services occupancies 
Mercantile occupancies 
High hazard industrial occupancies 
Medium hazard industrial occupancies 
Low hazard industrial occupancies 
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Table 4.2 Major Occupancy Fire Separations 161 

Major Minimum Fire-Resistance Rating (FRR) of Fire Separation (in hours) 

Occupancy Adjoining Ma·or Occupancy 
A-I A-2 A-3 A-4 B-1 B-2 c D E F-1 F-2 F-3 

A-I - I I I 2 2 I I 2 (~J 2 I 
A-2 I - I I 2 2 I I 2 (Z) 2 I 
A-3 I I - I 2 2 I I 2 (l) 2 I 
A-4 I I I - 2 2 I I 2 (~) 2 I 
B-1 2 2 2 2 - 2 2 2 2 l~J 2 2 
B-2 2 2 2 2 2 - 2 2 2 l~J 2 2 
c I I I I 2 2 - I (J) (Z) (4) I 
D I I I I 2 2 I - - 3 - -
E 2 2 2 2 2 2 (JJ - - 3 - -

F-1 (l) (l) (l) (l) (l) (l) (l) 3 3 - 2 2 
F-2 2 2 2 2 2 2 (4) - - 2 - -
F-3 I I I I 2 2 I - - 2 - -

Notes to Table 4.2: 
(I) Section 3.3 in the NBCC contains requirements for the separation of occupancies and tenancies that are in addition to the 

requirements for the separation of major occupancies. 

(2) No major occupancy of Group F, Division I shall be contained within a building with any occupancy classified as Group 
A, B or C. 

(3) In a building not more than 3 storeys in building height, if not more than 2 dwelling units are contained together with a 
Group E major occupancy, the fire separation between the 2 major occupancies need not be more than I hour. 

(4) Not more than one suite of residential occupancy shall be contained within a building classified as Group F, Division 2 
major occupancy. 

Table4.3 Minimum Dimensions in Heavy Timber Construction 161 

Supported 
Solid Sawn Glulam Round 

Assembly 
Structural Element (width x depth), (width x depth), (diameter), 

mmxmm mmxmm mm 
Columns 140 X 191 130 X 190 180 
Arches supported on the tops of 89 X 140 80 X 152 walls or abutments -

Roofs only 
Beams, girders, and trusses 89 X 140 80 X !52 -
Arches supported at or near the 140 X 140 130 X 152 floor line -

Floors, floors Columns 191 X 191 175 X 190 200 
140 x 191 or 130 x 228 or plus roofs Beams, girders, trusses, and arches 191 X 191 175 X 190 -

If a FRR greater than 45 minutes is required, then Heavy Timber Construction, as defined in the code, 
may not be considered and the designer must choose an alternative such as using larger wood members or 
adding fire protection. The NBCC provides a method for approximating the fire resistance of glulam 
beams and columns with a FRR greater than 45 minutes.i This method is based largely on work done in 
the 1970's by T.T. Lie at the National Research Council of Canada.k In 1984, the US model building 

i Appendix D-2.11.2. in the NBCC. 

k "A Method for Assessing the Fire Resistance of Laminated Timber Beams and Columns" by T.T. Lie. 
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codes recognized T.T. Lie's work, and it became the code-accepted design method for exposed wood in 
fire in North America. The complete method, as it given in the NBCC, is given in Appendix II. 

If a wood member is selected, another check to ensure that its factored resistance is greater than or equal 
to the factored loads it was designed for is necessary. In most cases, selecting a larger wood member 
should not cause this check to fail since there would be only a slight increase in dead loads due to the 
increased weight of the additional wood. A greater cross-sectional area, providing greater resistance may 
counter this additional load. The process of selecting a new member size then checking it for structural 
adequacy could repeat itself many times. In fact, it happens all too often and causes designers and fire 
protection engineers much wasted time. A method for harmonizing structural and fire resistance designs 
has recently been reported in "Structural design of glulam members to meet strength, serviceability and 
fire resistance requirements" written by Julie Noel. 

A building's occupancy requirements, FRR, and size place limitations on where combustible construction 
is permitted. The use of fire suppression systems such as automatic sprinklers in buildings of combustible 
construction relaxes many of the fire safety requirements given in the building code. The use of sprinklers 
can significantly increase the permitted maximum floor area while removing limitations on how many 
streets a building must face for emergency access. Please refer to Appendix III for a summary of where 
combustible construction is permitted by the NBCC. 

2.2 Structural Fire Design Using Eurocode 5 
Eurocode 5, Part 1.2 "General Rule: Structural Fire Design" (prEN 1995-1-2), provides guidance on how 
to design wood connections for ·a fire resistance rating (FRR) up to 60 minutes in a standard fire. The 
described connections are limited to symmetrical three member connections with laterally loaded dowel
type fasteners (e.g. nails, bolts, dowels, and screws). Typically, these types of connections consist of two 
structural members spliced together with side plates of wood or steel. The FRR of other types of 
connections do not fall under prEN 1995-1-2, but may be determined by testing as per EN 1990 
(Eurocode: Basis of structural design). For connections using wood side members, the prEN 1995-1-2 
provides two methods to determine the FRR: the reduced load method and the simplified rules method. 
The reduced load method adjusts (reduces) the characteristic mechanical resistance of connections at 
normal temperatures using a conversion function to obtain an estimate of the resistance at elevated 
temperatures. This method is rather complex and may not be suited for everyday use; however, the 
simplified rules method is more straight forward and practical. As a result, the simplified rules method 
will be considered further in this study. 

The simplified rules method states that for unprotected wood-to-wood joints with spacings, distances, and 
side member dimensions complying with the requirements given in Section 6 of Eurocode 5, Part 1.1: 
General rules and rules for buildings (EN 1995-1-1), the FRR is given in Table 4.4 as shown below. In 
other words, if a connection is designed to the specification of EN 1995-1-1, then it is recognized to have 
a FRR as given in Table 4.4 for the type of fastener without any sort of fire protection. 
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Table 4.4 Time of.fire resistance of unprotected connections witlt side members ofwood191 

Fastener type 
Time of fire resistance 

Provisions • 
tr. d (minutes) 

Nails 15 d ~2.8 mm 
Screws 15 d ~ 3.8 mm 
Bolts 15 t1 ~45 mm 
Dowels 20 t1 ~45 mm 
Other timber connectors according to EN 912 15 t1 ~45 mm 

t1 is the thickness of the side member 

For wood-to-wood connections using nails, dowels or screws with non-projecting heads, there exists a 
provision in prEN 1995-1-2 to increase the FRR of an unprotected connection to a maximum 30 minutes. 
This is achieved by increasing the thickness and width of the side members (see Figure 4.1), as well as 
increasing the end and edge distances to the fasteners by ar., given as 

ar. = 13n knux (treq - tr.,d) (2.1) 
where: 

13n is the charring rate according to Table 3.1 in prEN 1995-1-2, taken as 0.7 mm/min for glulam and 
0.8 mm/min for solid timber with densities;;::: 290 kg/m3

; 

knux 
treq 

tr..d 

is a coefficient taking into account increased heat flux through the fastener, taken as 1.5; 
is the required time of standard fire resistance; 
is the time of the FRR of the unprotected connection according to Table 4.4. 

1111 I' ,,II 'I I II II 1 -T1,r-

Figure 4.1 Extra thickness and extra end and edge distance of connections 191 

Adding fire protection to wood-to-wood connections will increase the FRR beyond that given in Table 
4.4 above, up to a maximum of 60 minutes without increasing the size of the structural members. When 
connections are protected using panels made of wood, wood-based material, or gypsum plasterboard, the 
additional fire resistance should satisfy 
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tch ~ treq - 0.5tfi.d (2.2) 
or 

(3.3) 
where: 
tch is the time where the wood members begin to char; 
treq is the required time of standard fire resistance; 
tfi.d is the unprotected connection fire resistance from Table 4.4, loaded with the design effect of 

actions Ed.fi (factored modulus of elasticity in a fire situation). 

Equation 4.2 applies to fire protection using wood, wood-based material, or gypsum plasterboard panels 
of type A or H according to European Standard EN 520. For gypsum plasterboard of type F, equation 4.3 
applies. For example, consider a bolted connection with a required FRR of 60 minutes. Suppose that 
wood panels are utilized as fire protection to achieve the 60 minutes rating, then according to equation 
4.2, tch should be greater than or equal to 52.5 minutes. This means the panel must be thick enough to 
resist fire for at least 52.5 minutes given the charring rate of wood. Assuming a charring rate of 0.7 
mm/min, the required thickness would be 37 mm. For connections where fasteners are protected using 
wood plugs, the length of the wood plugs are determined by equation 4.1 given above for the required 
time of fire resistance. Figure 4.2 shown below, demonstrates examples of fire protection using plugs and 
panels. 

Figure 4.2 

Key: 

1 Glued-in plugs 
2 Additional protection using panels 
3 Fastener for fixing of additional protection using panels 

Examples of additional protection by glued-in plugs and protection made by 
wood-based panels or gypsum flasterboard (protection of edges of sides and 
middle members not shown) 19 

As an alternative, a FRR up to 60 minutes can be achieved using connections with internal steel plates. 
Connections with non-projecting steel plates with a thickness greater than or equal to 3 mm are assigned a 
FRR of 30 or 60 minutes depending on the width b51 of the steel plates as shown in Table 4.5. Edges may 
be protected by gaps, glued-in strips, or with panels as shown in Figure 4.3. For joints with steel plates 
not exceeding 3 mm, the minimum gap depth dg must be 20 mm for a FRR of 30 minutes, and 60 mm for 
a FRR of 60 minutes. For joints using glued-in strips or panels, the minimum gap depth dg or panel 
thickness hp is 10 mm for a FRR of 30 minutes, and 30 mm for a FRR of 60 minutes. 
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Table 4.5 Widtlls of steel plates witll unprotected edgesl91 

FRR 
hst (minutes) 

Unprotected edges in general 
30 ~200 mm 
60 > 280 mm 

Unprotected edges on one or two sides 
30 ~ 120 mm 
60 > 280 mm 

• ~ bsl ~ ++- ++- ff ++ ++- -++ 1 1 

dg dg do dg hp hp 

a) b) c) d) 

Figure 4.3 Protection of edges steel plates (fasteners not sllown): a) unprotected, h) 
protected by gaps, c) protected by glued-in strips, d) protected by panels 191 

As demonstrated above, it is clear some guidance is given in the Eurocodes for the design of heavy timber 
connections in fire. The simplified rules method is simple and may be practical enough for designers to 
use. It also gives some flexibility as to the design of the connections for fire resistances ranging from 15 
to 60 minutes. A summary of the design procedure for the fire resistance of connections as given in prEN 
1995-1-2 is shown in Figure 4.4. 
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yes 

no 

no 

Design by teslill!J 
See EN 1990 

Connections with 
mternal steel plates 

6.3 

lnacase sizes of 
membersllastenes 
undlor number of 

rasleners 

Figure 4.4 Flow chart for the design procedure of connections using prEN 1995-1-2 191 

2.3 Sample Requirements 
There exists a great deal of variance in the fire resistance requirements of structural building elements. In 
North America, each country oversees their own the fire safety requirements, while in Europe there is a 
push towards harmonization. The process of harmonization becomes a great challenge when each country 
defines their own fire safety requirements based on their own views, past experience, expert judgement, 
and real lessons learned. It would be interesting to know what kind of fire resistance requirements exists 
for different types of buildings. More importantly, what kind of demand exists for heavy timber 
connections with a predictable fire resistance rating? What follows is a sample of current fire resistance 
requirements of 0, 45, and 60 minutes for building elements as given on the NBCC followed by an 
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overview of the current requirements in Europe. Where appropriate, Article numbers are given in 
brackets. 

No Fire Resistance Rating (0 minute): 

• Arena Type Building Roof Assembly (3.2.2.17) 
the FRR of the roof assembly is waived if the building is a gymnasium, swimming pool, arena, or 
rink if: 

-no part of the roof assembly is no less than 6m above the main floor; and 
- roof carries only normal roof loads. 

• Group A, Division 2, up to 2 Storeys, Sprinklered (3.2.2.27) 
building height of 2 storeys or less; 
sprinklered throughout; 
building area not more than: 

- 2400 m2
, if one storey in building height with no basement, 

- 1200 m2
, if one storey in building height, or 

-600m2
, if two storeys. 

• Group A, Division 2, One Storey (3.2.2.28) 
building height of 1 storey; 
building area with no more than: 

-400m2
, if facing one street, 

-500m2
, if facing two streets, 

-600m2
, if facing three streets; 

areas can be doubled if fire separations of 1 hour FRR divide the building into compartments of 
equal size. 

• Group A, Division 3, One Storey, Sprinklered (3.2.2.33) 
building height of 1 storey; 
sprinklered throughout; 
building area with no more than 7200 m2

• 

• Group A, Division 3, One Storey (3.2.2.34) 
building height of 1 storey; 
building area no more than: 

- 1000 m2
, if facing one street, 

- 1250 m2
, if facing two streets, 

- 1500 m2
, if facing three streets; 

• Group A, Division 4 (3.2.2.35) 
occupant load no more than 1500; and 
limiting distance greater than or equal to 7200 m2

• 

• Group B, Division 2 (3.2.2.41) 
building height of 1 storey; 
sprinklered throughout; 
building area no more than 500m2

• 

Forfntek 
Canada 
Corp. 

1·13of27 



Fire Performance of Heavy Timber Connections 
The Fire Resistance of Connections by Michel Bisson 

• Roof Assemblies for Small Buildings (9.10.8. I and 9. 10.8.2) 
building area no more than 600m2

; 

Group C occupancy: 
-maximum building height of 3 storeys; 

Group D, E, and F (Divisions 2 and 3) occupancies: 
-building height of 2 storeys, or 
- building height of 3 storeys if sprinklered. 

No Fire Resistance Rating for Roof Assemblies (0 minute) 
For these occupancies, the FRR for the roof assembly is waived if it is constructed as a "fire-retardant 
treated wood roof system" conforming to Article 3.1.14.1 of the NBCC, and if the following restrictions 
are followed: 

• Group A, Division 3, One Storey, Increased Area (3.2.2.32) 
building height of 1 storey; 
building area no more than: 

- 1200 m2
, if facing one street, 

- 1500 m2
, if facing two streets, 

- 1800 m2
, if facing three streets. 

• Group D, up to 3 Storeys (3.2.2.53) 
building height of I storey; 
building area no more than: 

- 2400 m2
, if facing one street, 

- 3000 m2
, if facing two streets, 

-3600 m2
, if facing three streets. 

• GroupE, up to 3 Storeys (3.2.2.59) 
building height of I storey. 

• Group F, Division 2, up to 3 Storeys (3.2.2.69) 
building height of 1 storey. 

• Group F, Division 3, up to 4 Storeys (3.2.2.76) 
building height of 1 storey; 
building area no more than: 

- 2400 m2
, if facing one street, 

-3000 m2
, if facing two streets, 

-3600 m2
, if facing three streets. 

Fire Resistance Rating of 45 minutes: 
According to be NBCC, for buildings permitted to be built using combustible construction, the majority 
must have a FRR of 45 minutes. This allows designers to follow guidelines provided in Article 3.I.4.6, 
Heavy Timber Construction for the fire design of heavy timber members and connections. A table 
describing the requirements given in the code for occupancies having a FRR of 45 minutes (exceptions 
noted) is shown in Appendix III. 
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Fire Resistance Rating of 60 minutes: 
• Group C, up to 4 Storeys, Sprinklered (3.2.2.45) 

building height of 4 storeys or less; 
sprinklered throughout; 
building area not more than: 

- 7200 m2
, if one storey in building height, 

- 3600 m2
, if two storeys in building height, 

- 2400 m2
, if three storeys in building height, or 

- 1800 m2
, if four storeys in building height. 

• Group C, up to 3 Storeys, Increased Area (3.2.2.46) 
building height of 3 storeys or less; 
building area not more than: 

- for I storey: 
- 2400 m\ if facing one street, 
-3000 m2

, if facing two streets, 
- 3600 m2

, if facing three streets. 
- for 2 storeys: 

- 1200 m2
, if facing one street, 

- 1500 m2
, if facing two streets, 

- 1800 m2
, iffacing three streets. 

- for 3 storeys: 
- 800 m2

, if facing one street, 
- 1000 m2

, if facing two streets, 
- 1200 m2

, if facing three streets. 

• Group D, up to 4 Storeys, Sprinklered (3.2.2.52) 
building height of 4 storeys or less; 
sprinklered throughout; 
building area not more 3600 m2

• 

• GroupE, up to 4 Storeys, Sprinklered (3.2.2.58) 
building height of 4 storeys or less; 
sprinklered throughout; 
building area not more 1800 m2

• 
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Table4.6 Present European fire resistance requirements based on tlte ISO 834 standard 
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Table 4.6 demonstrates how the fire resistance requirements in Europe can be very different from 
one country to another. For example, consider the minimum fire resistance periods for the following cases 
taken from Table 4.6: 

• Industrial hall, single storey, sprinklered 
- 0 or 60 minutes fire resistance period in Ireland; 
- 30 minute fire resistance period in France if building height is greater than 1Om; 
- 0 minute or no rating for others. 

• Commercial center and shop, single storey, sprinklered 
- 90 minutes fire resistance period in Spain; 
- 60 or 90 minutes fire resistance period in Ireland; 
- 30 minutes fire resistance for columns only in France; 
- 0 minute for others. 

• Dancing hall, 2 storeys, sprinklered 
- 90 minutes fire resistance period in Spain; 
- 60 minutes fire resistance period in France and Finland; 
- 30 minutes fire resistance period in Luxembourg and the UK; 
- 0 minute or no rating for others. 

As shown above, there is a large demand for heavy timber connectors with a prescribed fire 
resistance rating. This is particularly true in single storey assembly-type buildings, one to three storey 
residential and commercial office buildings, and low rise industrial buildings (low to medium hazard). 
There are many cases where there is no FRR, however the majority of cases in the NBCC involve FRR of 
45 minutes. Designing heavy timber connections under these conditions is not particularly a problem 
since general rules are provided in Article 3.1.4.6 for Heavy Timber Construction for FRR up to 45 
minutes. The NBCC also permits roof assemblies to be of heavy timber construction regardless of the 
building area or type of construction required, provided the building is 2 storeys or less and it is 
sprinklered throughout.1 It becomes a problem when heavy timber connections are required to have a FRR 
greater than 45 minutes, or when there is a requirement to design a specialized type of heavy timber 
connection. The guidance given in the NBCC is not arranged in such a way to deal with these cases. As 
shown above, there exists similar demand in Europe for heavy timber connections with a specified FRR. 
However, it is easier to deal with these demands in Europe since some guidance is given on the structural 
fire design of heavy timber members and connectors in Eurocode 5. 

1 Article 3.2.2.16 in the NBCC. 
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3 Fire Resistance of Heavy Timber Connections 
3.1 Fire Resistance Tests Performed at the CTICM (France) 

A study on the behavior of wood construction elements in fire was completed in 1998 following a 
convention between the French Ministry of Agriculture and Fisheries, the Centre Scientifique at 
Technique du Batiment (CSTB), and the Centres Techniques Industriels Construction Metallique 
(CTICM). As part of this study, fire resistance tests were carried-out in France at the laboratories of the 
CTICM in order to study the fire resistance of wood connections. Dhionis Dhima in his report 
"Verification experimentale de Ia resistance au feu des assemblages d'elements en bois," documented the 
results from the fire tests. 

The main objective of the tests was to verify the fire resistance of various wood connections 
loaded in tension, as calculated by the Eurocode 5 pre-standard, using Parts 1.1 (prEN 1995-1-1) and 1.2 
(prEN 1995-1-2). The tests also provided a means to study how the most realistic designs, which 
consisted of connections with wood side members, behave in a standard fire. Dhima's study on the results 
of the tests also allowed for a comparison of the fire resistance between various configurations of wood 
connections. 

3.1.1 Types of Connections 

Two types of connections were tested at the CTICM: Wood-wood and wood-steel-wood connections. 
Wood-wood connections were fabricated using a large middle member with two smaller members 
attached on each side with bolts, dowels, or nails. Wood-steel-wood connections consisted of two wood 
members with a 6mm thick steel plate in between fastened together with bolts. In total, fourteen different 
configurations belonging in these five categories were tested: 

• bolted connections; 
• bolted connections with clamps; 
• connections with steel dowels (with and without end protection); 
• bolted connections with internal steel plates; and 
• nailed connections. 

The size and number of fasteners varied for the tested connections. For connections with bolts or steel 
dowels, 4 to 16 fasteners with diameters of 12mm and 20mm were utilized. For connections with internal 
steel plates, between 4 and 16 fasteners were used with diameters of 12mm and 20mm. Figures 5.1 
through 5.3 illustrate how the wood-wood, wood-steel-wood, and wood-wood nailed connections were 
assembled prior to the fire tests. In these figures: 

• a1 is the distance between vertical columns of fasteners; 
• a2 is the distance between horizontal rows of fasteners; and 
• a3 represents the distance of the fasteners from the edge. 

A complete list of all fourteen connections tested at the CTICM, including their assembly details is shown 
in Table 5.1. 
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Table 5.1 Size and details of specimens used for fire resistance tests 1"1 

Case Type of fastener 

1 20mm bolts & 95mm clamps 
2 20mm bolts 
3 20mm dowels (and 2 bolts) 

4 
20mm dowels (and 2 bolts) 
protected 

5 20mm dowels (and 4 bolts) 
6 12mm bolts 
7 12mm dowels (and 2 bolts) 

8 
12mm dowels (and 2 bolts) 
protected 

9 20mm bolts with steel plate 
10 20mm bolts with steel plate 
11 12mm bolts with steel plate 
12 12mm bolts with steel plate 
13 12mm bolts with steel plate 
14 11 Ox4.9mm nails 

Notes to Table 5.1: 

Nb: number of fasteners 

h: height or member depth 

t I : thickness of side members 

t2: thickness of middle member 
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Figure 5.1 shows how wood-wood connections using bolts or dowels were assembled. P1 and P2 represent 
the middle and side members of wood, with t1 and t2 representing each member's thickness, and h the 
height. An additional piece of wood with the same cross-section dimensions as P2 was inserted between 
the side members to prevent the fire from attacking the fourth face of the elements. Notice how the 
fasteners penetrate through all three members, resulting in two shear planes. Fasteners are indicated on 
the diagram by the "+" and "•" symbols. For connections using steel dowels, a few bolts were used to 
keep the assembly intact for the test; these are indicated by the circular dot. 

A typical wood-steel-wood connection, as assembled for the tests, is shown in Figure 5.2. Each 
side of the connection consists of two identically sized members attached to a steel plate with bolts. t1 
represents the thickness of the wood members, and h is the height. The dimensions of the steel plate 
varied, however for all these connections: the plate was 6mm thick, the length was twice that of the 
connection, and the height h was reduced so that it was recessed by 20mm on the top and bottom. For the 
same reasons presented above, an additional piece of wood was inserted between the side members of 
wood. As before, the fasteners penetrate through all members including the steel plate, resulting in two 
shear planes. 

Only one wood-wood connection using nails was tested. As shown in Figure 5.3, this connection also 
featured a large middle member with smaller side members attached to each side. This connection was 
identical as the wood-wood connection with dowel-type fasteners (Figure 5.1 ), except that the fasteners 
used were nails. Notice in the figure the nails only penetrate the side member and most of the middle 
member, but not the second side member. This resulted in nails having one shear plane, as opposed to two 
with bolts and dowels. In Figure 5.3, the bold "+" symbols are nails on the near side of the connection, 
while the other "+" symbols are those on the other side. 
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3.1.2 Determination of the Ultimate Load-Bearing Resistance 
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The ultimate load-bearing tensile resistance of each connection at ambient temperature was determined 
using two approaches: full-scale testing and small-scale testing. 

During full-scale testing, connections were assembled, then subjected to increasing tensile loads to the 
point of failure. The applied loads at failure were taken as the ultimate load-bearing tensile resistance of 
those connections. The ultimate resistances of three types of connections were determined this way: 

• 4x20mm diameter bolts with clamps (connection #1), Nu = 298 kN; 
• 6x20mm dowels+ 2x20mm bolts (connection #3), Nu = 360 kN; and 
• 6x12mm protected dowels+ 2x12mm bolts (connection #8), Nu = 129 kN. 

In order to determine the ultimate resistance of the connection by calculation, small-scale testing was 
performed to determine the mechanical properties of the fasteners and the shear resistance of the timber 
used. Thirteen tests were performed on the fasteners in order to find their ultimate tensile strength: 

• 12mm bolt, fu = 505 N/mm2
; 

• 20mm bolt, fu = 571 N/mm2
; 

• 12mm steel dowel, f;, = 520 N/mm2
; and 
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• 20mm steel dowel, fu = 382 N/mm2
• 

Three shear tests were performed using two different diameters of dowel-type fasteners, and nails in order 
to determine the shear strength of the timber used for the experiments: 

• for diameter d = l2mm, fh,o = 37.5 N/mm2
; 

• for diameter d = 20mm, fh.o = 35 N/mm2
; and 

• for nails with diameter d = 4.9mm, fh.o = 38.5 N/mm2
• 

Once the ultimate strength of the fasteners and the shear strength of the wood were determined, the 
ultimate load-bearing resistance of the connections was found. The detailed procedure for finding the 
ultimate resistance of connections at ambient temperatures is well documented in Eurocode 5, Part 1.1. 

Dhima reported the density of the wood used for the fire tests was approximately 480 kg/m3
• From this, 

he mentions that the wood appeared to be of a specific class of wood known as "GL28". This class of 
wood species is yet unknown to us, however, measurements were taken before and after the fire tests to 
determine the char depth on the side, top, and bottom faces of the specimens. Next, the char rate was 
calculated using the char depth and the time to failure. The average char rate per face for all specimens 
was found to be: 

• side faces, 0.486 mm/min; 
• top face, 0.533 mm/min; and 
• bottom face, 0.623 mm/min. 

These charring rates were well below the 0.7 mm/min values usually assumed in most standards (like that 
in prEN 1995-l-2), however some of the connections failed prematurely during the fire test. As a result, 
the charring rate could not be accurately determined from the experiments alone. 

The fire resistance of the wood members was not given explicitly, however the smallest dimensions of all 
specimens was 80xl70mm. These dimensions meet the minimum dimensions for glulam beams, girders, 
and roof trusses given in the National Building Code of Canada, and nearly meet those for solid-sawn 
lumber.m From this, we can assume that the fire resistance of the wood members was at least 45 minutes 
for all connection specimens, greater than· what was expected from the connections. 

3.1.3 Fire Resistance Testing 

Each of the fourteen connections was exposed to an ISO 834 standard fire while loaded in tension. Two 
tests were performed for each specimen; one with the connection loaded at approximately 30% of its 
ultimate resistance, and the other near 60%. The loads were kept constant for the duration of the test. 

During the tests, the lateral deformations of the joints were monitored using three strain gages; two 
mounted on one end of the assembly and the other at the connection. The slipping of the connection was 
measured between the time the connection was loaded at ambient temperature and when the fire test 
began. Temperature measurements were taken during the fire tests at various strategic locations using 
thermocouples in the following locations: 

• inside the furnace; 
• on the fastener, mid-way through the side member; 
• on the fastener, at the interface of the side and middle members; 
• on the fastener, mid-way through the middle member (middle of connection); 

m Minimum dimensions for neavy timber construction is given in Table 3.1.4.6 as per Article 3.1.4.6 in the NBCC (also given in 
Appendix I). 
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• at various depths inside the middle member, away from the connection; and 
• at the interface of the wood members, in between adjacent fasteners. 

Each fire test was completed when the connection failed completely, or when the load could no longer be 
resisted. Table 5.2 discloses the failure times for the fire tests and gives details on the load levels used. A 
detailed analysis on the effect of temperature and the slipping of the connections can be found in Dhima's 
report. 

Table 5.2 Fire Resistance of tire Tested Connections 

Case Fasteners Ultimate Applied Load I Failure Time 
Resistance Load Resistance 
Nu Ft&Fz 

kN kN min. 
1 4x20mm bolts & 321 90 0.28 22 

95mm clamps 180 0.56 14 
2 

8x20mm bolts 374 
111 0.30 24 
221 0.59 15 

3 6x20mm dowels & 
339 

111 0.33 35 
2x20mm bolts 221 0.65 7 ** 

4 6x20mm protected dowels & 
317 

99 0.31 41 
2x20mm bolts 198 0.62 22 

5 12x20mm dowels & 
679 

144 0.21 38 
4x20mm bolts 287 0.42 23 

6 
8x12mm bolts 160 

39 0.24 22 
91.5 0.57 13 

7 6x12mm dowels & 
161 

45 0.28 32 
2x12mm bolts 90 0.56 13 

8 6x12mm protected dowels & 
143 

39 0.27 27 * 
2x12mm bolts 78 0.54 9 ** 

9 8x20mm bolts 
501 

97 0.19 22 
with steel plate 197 0.39 15 

10 16x20mm bolts 
1001 

192 0.19 23 
with steel plate 380 0.38 16 

11 4xl2mm bolts 
103 

30 0.29 17 
with steel plate 60 0.58 10 

12 8xl2mm bolts 
207 

51 0.25 18 
with steel plate 102 0.49 11 

13 16xl2mm bolts 
413 

99 0.24 18 
with steel plate 198 0.48 13 

14 
56 II Ox4.9mm nails 101 

39 0.39 31 
78 0.77 18 

* Failure of the spectmen due to the combustion of the timber members. In the followmg tests, the fire protectiOn of these 
elements was improved. 

** Failure of the specimen due to the bad quality of a laminated element. 
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3.1.4 Analysis of Fire Test Results 

Dhima noted the following observations in his report on the results of the fire resistance tests. These 
observations considered the duration in which the connections were subjected to fire, and the load levels 
applied (given by the resistance according to prEN 1995-l-l ). 

Connections with wood side members: 

I) The fire resistance of connections using 6 dowels and 2 bolts with diameters of 20mm was higher 
than using 8 20mm bolts regardless of the load level. This finding was also true for connections using 
fastener diameters of l2mm, provided the load level was lower than 30%. 

2) The fire resistance of connections using fasteners with diameters of 20mm were superior to those with 
diameters of l2mm (even if the load level of the 20mm diameter fastener was higher than that of the 
l2mm fastener). 

3) The fire resistance of connections using 20mm diameter dowels with protection was superior to those 
without protection. That observation, for l2mm dowels, could not be made for sure due to the 
premature failure of connection number 8. 

4) The fire resistance of connections seemed to be inversely proportional to the increase in the number 
of fasteners for load levels up to approximately 30%. This could not be determined for load levels 
near 60% due to the premature failure of assembly number 3 (due to the fabrication defects and the 
presence of a knot.) 

5) In general, the temperature of the l2mm fasteners at any given instant was greater than those for 
20mm. 

Connections with internal steel plates: 

l) The fire resistance of connections with the same number of fasteners, but with different diameters 
was in the same order for their respective load levels. 

2) Like that of wood-wood connections, the increase in the number of fasteners tended to decrease the 
fire resistance of the connection. 

Connections with bolts and clamps: 

l) The fire resistance of these connections was in the order of those using bolts only. 

Nailed connections: 

l) For the highest load levels of all tested connections, its fire resistance was similar to those using bolts 
and dowels. Therefore, for the same load level and ambient temperature, the fire resistance of this 
type of connection was the highest of all those tested. 

3.1.5 Comparison Between the Measured Fire Resistance and the prEN 1995·1·2 Standard 

In general, the results from the tests were lower than expected from the predicted values based on prEN 
1995-1-2. Dhima made several comparisons between the experimental results and the expected fire 
resistance according to Eurocode 5. Some of these are given below. 
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I) Paragraph (I) of section 4. 7.2 of prEN 1995-1-2 states: 

"Wood-to-wood joints and steel-to-wood joints with steel plate middle members with 
unprotected nails, screws, bolts or dowels may be regarded to satisfy R15 when 
observing the conditions of Eurocode 5, Part 1.1, Chapter 6." 

The results from the tests suggested to him that this statement was not valid for connections with 
internal steel plates, where a load level greater than 40% resulted in failure in less than 15 minutes. 
For wood-to-wood connections without plates, failures under 15 minutes occurred for load levels 
greater than 55%. 

Dhima calculated the fire resistance of the connections based on the rules in prEN 1995-1-2 using the 
remaining thickness after the time of fire exposure. These calculations made use of a charred depth of 
21mm assuming a char rate of 0.7mm per minute (higher than measured from the results) and the 
connections having a fire resistance rating of 30 minutes. From these calculations, it was discovered 
that: 

a) for all connections loaded to 30% of the ultimate strength, the fire resistance should be at 
least 30 minutes; and 

b) for all connections loaded at 60% of the ultimate strength, the fire resistance should be at 
least 27 minutes. 

These discoveries suggest that the fire resistance of wood connections according to the formulas 
given in Section 4. 7 .2(3) for fire resistances greater than 15 minutes are too favourable. It was also 
reported that in most cases, the source of the connections failure was due to charring along the row of 
fasteners. This was evident in the photos provided in the report; many showed sheer blocks 
protruding from the loaded ends of the side members. 

2) Concerning the last point, the loaded end distan~es (a3) were believed to be the contributing factor in 
the cause of failure due to shearing along the row of fasteners. However, the end distances of the 
specimens satisfied the requirements given in the code for fire resistance ratings greater than 15 
minutes. Assuming a fire resistance rating of 30 minutes, and a char rate of 0.7mm per minute, the 
conditions of section 4.7.2(4) were already satisfied, since the end and edge distances measured at 
least 7 diameters (140mm for 20mm diameter fasteners, and 84mm for 12mm diameter fasteners), as 
required in prEN 1995-1-1. According to Section 4.7.2(4), the end and edge distances must be at least 
21 mm. 

Section 4. 7.2 (2) of prEN 1995-1-2 states that for a fire resistance greater than 15 minutes, the end 
and edge distances should have been increased by 1 0.5mm for a fire resistance rating of 30 minutes. 
According to the guidance given in the code, the dimensions used for the tests were correct. 
Therefore, it was difficult for Dhima to conclude that the sheer failure of the specimens was due to 
weak values of end distances. 

3) The author compared the load levels of the connections during the tests to those permitted in tables 
4.7.2a and 4.7.2b ofprEN 1995-1-2 for a fire resistance rating of30 minutes and concluded: 

a) for assemblies 1, 2, 6, 11, 12 and 13, the load levels ofF2 (near 60% ofthe ultimate strength 
of the connection) exceeded those allowed in the tables. Therefore, a fire resistance rating 
lower than 30 minutes was to be expected. 

b) For all other connections, the fire resistance should have been at least 30 minutes. 
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However, the minimum dimensions of the side members given in tables 4.7.2a and 4.7.2b, were larger 
than those used for the tests. The author proceeded to demonstrate that increasing the thickness of the 
side members would actually increase the resistance of the connection, which in turn, would lower the 
load level and increase the fire resistance of the connection. He then contests that the relation between 
the thickness of the side members given in these tables and the load level are not coherent enough to 
the user. 

In conclusion to his analysis, Dhima believed that paragraph 4.7.2 of Part 1.2 of Eurocode 5 has many 
incoherencies that prevent a user to correctly determine the fire resistance of wood connections. 

3.1.6 Conclusions Reached from the Tests 

For the 28 specimens tested, Dhima's study permitted a comparison between the fire resistance 
obtained from the guidance given in part 1.2 of Eurocode 5 and that obtained experimentally. 

He concludes that the results from the tests only partially verify the rules given in this standard. He 
found that connections using steel plate middle members deviated the most from the expected results 
provisioned by the code. In his opinion, he believes the above may be explained by the following: 

a) The failure of the connections was mainly due to sheering along the row of fasteners. 
However, neither Part 1.1 nor Part 1.2 of Eurocode 5 takes into account failure due to 
sheering explicitly. 

b) There exist many incoherencies in section 4. 7.2 of Part 1.2 that prevents the accurate 
determination of the fire resistance of connections greater than 15 minutes. 

The results or findings presented by Dhima will serve the Project Team of Eurocode 5 to improve the 
calculation methods. Dhima also suggests more testing to attempt to obtain more data to explain some of 
the unexplained behaviour uncovered from the tests for connections loaded at low load levels. 
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