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In 2013, FPInnovations developed a mechanics-
based design method to calculate the structural 
fire-resistance of mass timber elements [1], 
which was shortly after implemented as Annex B 
in the 2014 edition of CSA O86 [2]. However, due 
to the minimum residual size requirements (i.e., 
70 mm) given in Table B.2 of CSA O86, calculating 
the structural fire resistance of wood-based 
elements with small cross sections, e.g., 
dimension lumber, is automatically excluded from 
the current scope of application of Annex B. 

This Info Note summarizes the verification and 
validation demonstrating that the current design 
provisions in Annex B of CSA O86 are also 
applicable to small framing elements used in 
unprotected and protected light wood-frame 
assemblies, i.e., walls and floors. With some 
minor editorial changes, the scope of application 
of Annex B of CSA O86 could be expanded to all 
wood and wood-based products covered in CSA 
O86, regardless of their initial and residual 
dimensions. 

Background 
When determining the fire resistance of wood-frame 
assemblies, article 3.1.7.1 from Division B of the National 
Building Code (NBC) of Canada [3] requires that it be 
determined from 1) full-scale fire testing in accordance 
with CAN/ULC S101 [4]; or 2) the methodologies set 
forth in Appendix D of the NBC such as the Component 
Additive Method (CAM). For buildings conforming to 
Part 9 of Division B of the NBC, fire resistance is to be 

determined from either the same two options as Part 3 
(i.e., article 3.1.7.1) requirements, or from construction 
specifications presented in Tables 9.10.3.1.-A (walls) and 
9.10.3.1.-B (floors). 

Moreover, with increasing demand for energy-efficient 
building envelopes, the current exterior wall 
configurations in Table 9.10.3.1.-A are not sufficient. 
While note (2) of Table 9.10.3.1.-A stipulates that 
nominal 2x6 studs could be used in lieu of 2x4 without 
affecting the fire resistance of the walls, some exterior 
walls with improved energy-efficiency may require studs 
to be deeper than 2x6. The current methods detailed in 
the NBC (i.e., Appendix D and Tables 9.10.3.1.-A and -B) 
for determining fire resistance of wood-frame walls are 
therefore not applicable to these new wall 
configurations that now need to meet stringent energy-
efficiency requirements. 

Lastly, while the current methods in the NBC as well as 
Tables 9.10.3.1.-A and 9.10.3.1.-B provide a wide range 
of options to designers, they are not applicable to 
historical/legacy construction. When retrofitting an old 
building, it may be necessary to evaluate the fire 
resistance of elements using an analytical method that is 
based on first principles, such as charring and reduced 
cross-section. The analytical methods can also be useful 
to determine the fire resistance of wood elements 
smaller than the size limit in Annex B of CSA O86, such as 
structural composite lumber (SCL) joists with longer 
spans or greater stiffness, as well as SCL studs with 
higher load-bearing capacity and less shrinkage in mid-
rise wood-frame construction. 

Given the limitations currently set forth in both Annex B 
of CSA O86 and the methodologies detailed in the NBC, 
there is a need to validate whether the current method 
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detailed in Annex B of CSA O86 is applicable to wood 
elements thinner than 35 mm, which is the implied 
thermal penetration depth in CSA O86. 

Wood-Frame Floors 
Test data from 21 standard fire resistance tests 
conducted on unprotected floor joists was used to verify 
the applicability of Annex B of CSA O86 with respect to 
the load-carrying (structural) function of unprotected 
floor assemblies [5]. It was found that current provisions 
in Annex B are appropriate for unprotected lumber joists 
and provide reasonable failure times when compared to 
test data. Figure 1 illustrates the calculated failure times 
compared to actual test data. 

 

Figure 1. Calculated fire-resistance of unprotected wood-frame 
floors compared to test data 

Gypsum board contribution to wood-frame assemblies 
has been well studied in the past decades, and the 
contribution times are given in the Component Additive 
Method (CAM) found in Appendix D-2.3 of the NBC for 
load-bearing walls and floors. It is also well detailed in 
the CAM that preformed insulation of rock or slag fibre 
and cellulose fibre insulation provide additional 
protection to wood studs by shielding the studs from fire 
exposure and thus delaying the structural failure. 

A second review of the applicability of Annex B to 
protected wood-frame floor assemblies was performed 
using a total of 27 full-scale fire-resistance tests [6]. The 
results suggest that the calculation method for 
unprotected lumber joists combined with the gypsum 
board and insulation contributions from the CAM 
provide a reasonable estimate of the structural failure 

times when compared to test data, as illustrated in 
Figure 2. The results assume that lumber joists are 
structurally loaded to 100% of their factored resistance 
(i.e., limit states design under ambient conditions), as 
assumed in CAM. 

 

Figure 2. Calculated fire-resistance of protected wood-frame floors 
compared to test data 

The current review only looked at solid lumber joists, 
although various other types of joists, including 
prefabricated wood I-joists, SCL joists, and parallel chord 
wood trusses, can be used in fire-resistance rated 
assemblies. It can be argued that given their solid cross 
section, the fire resistance of SCL joists can be 
conservatively calculated using the same method as solid 
wood joists. 

Detailed information about the design procedures for 
wood-frame floors can be obtained in the full reports [5, 
6]. 

Wood-Frame Walls 
A third review was performed to assess the applicability 
of Annex B of CSA O86 to wood-frame walls [7]. A total 
of 39 full-scale fire resistance tests conducted on wood-
frame walls protected by various means of Type X 
gypsum board were reviewed. However, only the test 
results from walls loaded to 100% of their factored 
resistance, per CSA O86, with just gypsum board 
installed on the fire-exposed side (i.e., no shear panel) 
and failed structurally were considered. An effective 
length factor (Ke) of 0.80 was used in the calculation, 
similarly to that prescribed in the recently published Fire 
Design Specification for Wood Construction from the 
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American Wood Council [8]. Walls using double studs or 
double rows of studs were beyond the scope of the 
study. The results suggest that the calculation method 
for unprotected and insulated wood studs combined 
with the gypsum board contributions from the CAM 
provide reasonable estimate of structural failure times 
when compared to test data (Figure 3). 

 

Figure 3.  Calculated fire resistance of protected wood-frame walls 
compared to test data 

The CAM was also used to estimate the fire resistance of 
the wall specimen verifying and validating the proposed 
method. It can be observed from Figure 4 that CAM 
tends to over predict the fire resistance times when 
compared to test data, while the proposed methodology 
slightly under predicts them. It is noted, however, that 
CAM does not differentiate between fire resistance 
failure modes, such as the load bearing and separating 
functions. As such, the failure mode corresponding to 
the calculated times using CAM can be either one, while 
the proposed method only aims at evaluating the load-
bearing function (structural resistance). Nevertheless, 
should the separating function be greater than the load-
bearing function, the proposed method would still 
remain on the conservative side when compared to test 
data. Furthermore, CAM is limited to a 90-minute fire-
resistance rating while the proposed method is not. 
There is merit to either expanding CAM or using the 
proposed method for assemblies required to provide at 
least 2 hours of fire resistance. Detailed information 
about the design procedures for wood-frame walls can 
be obtained in the full report [7]. 

 

Figure 4. Calculated fire resistance - using CSA O86 vs. CAM 

Advanced Modeling 
In an attempt to evaluate the charring rate and fire 
resistance of lumber joist exposed to a standard fire, a 
temperature-dependent plastic-damage constitutive 
model WoodST, developed at FPInnovations [9] for 
coupled fire-structural analysis, has been used. WoodST 
allows for accurate simulation of the thermal and 
mechanical behavior of wood-based components and 
connections, in terms of temperature, displacement, 
load-carrying capacity, failure mode(s), and failure time. 
Two scenarios were used to evaluate the thermal and 
mechanical behavior of lumber joists [5]. 

The first scenario consists of a full-scale fire resistance 
test of an unprotected floor made with legacy 2x8 
Douglas fir joists. Actual dimensions of the joists were 
1.75” x 7.56”. The finite element (FE) modeling predicted 
a structural failure at 15.5 min which is a 12% difference 
to that of the actual test time of 17.7 min, see Figure 5. 

Charring and temperature profiles of the legacy 2x8 floor 
assembly were also evaluated using WoodST. Charring 
rates of 0.83 mm/min and 1.05 mm/min were obtained 
for the sides and bottom, respectively. The charring rate 
of the bottom side is much faster than the commonly 
accepted one-dimensional rate of 0.65 mm/min and 
somewhat expected, due to corner rounding effects 
occurring from localized fire exposure from two sides. 
CSA O86 specifies a notional charring rate (βn) of 0.80 
mm/min for timber elements, due to the possibility of 
drying cracks and corner rounding effects. The rate of 
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0.83 mm/min is consistent with the nominal rate of 0.80 
mm/min specified in CSA O86. 

 

Figure 5. Mid-span deflection as a function of time - legacy 2x8 
floor. 

A second verification was made on a nominal 2x10 
lumber joist with actual dimensions of 1.5” x 9.25”. The 
effect of subfloor sheathing was neglected in this second 
example, replicating the fire resistance test condition 
requirements when trying to demonstrate fire 
performance equivalency of an I-joist to that of a 
traditional nominal 2x10 lumber joist (for US market 
only). The FE modeling predicted a structural failure time 
of 14.5 min, which is a 6% difference to that of the 
calculated time of 15.5 min in TR10. Charring rates of 
0.84 mm/min and 1.19 mm/min were obtained for the 
sides and bottom, respectively. The rates of the nominal 
2x10 are slightly faster than those obtained from the 
legacy 2x8 joist due to its thinner cross-section. 

Charring behavior of wood studs was also evaluated 
through a transient heat transfer FE model, as shown in 
Figure 6. The results of the transient thermal analyses 
were found reasonable and sufficiently accurate, while 
supporting the notional charring rate of 0.80 mm/min as 
per CSA O86.

 

 

a) 2x6 stud with mineral insulation at 51.52 min 

 

b) 2x6 stud with glass fiber insulation at 43.08 min 

Figure 6. Thermal profiles at time of failure using FE transient heat 
transfer analysis (insulation in cavities is not shown for clarity) 

Conclusion 
In an attempt to expand the scope of applicability of 
Annex B of CSA O86 to wood-frame assemblies, a review 
of full-scale fire resistance tests of unprotected and 
protected floors as well as protected walls was 
performed. Advanced numerical modeling was also 
made in an attempt to validate the mechanics-based 
method and charring behavior. 

The calculated structural failure times and the 
comparisons between the FE modeling suggest that the 
current methodology detailed in Annex B of CSA O86-19 
is applicable to wood-frame assemblies. With some 
minor editorial changes, the scope of application of 
Annex B of CSA O86 could be expanded to all wood and 
wood-based products, regardless of their initial and 
residual dimensions. 

The calculation and determination of the separating 
function were however beyond the scope of these 
studies, which would warrant further analysis. The 
method detailed in Fire Design Specification for Wood 
Construction can be used as a validation method for the 
separating function of floor and wall assemblies. 
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