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PHYSICAL AND STRENGTH PROPERTIES OF LUMBER EXPOSED TO FIRE
Wood structural members are prone to damage when they are exposed to 
fire. The concept based on determining the amount of charring for the 
calculation of the fire resistance of heavy timber has been adequate for 
this class of wood members. However, its extension to light-frame lumber 
may prove to be too risky, since this class of structural members is 
characterized by the presence of strength-controlling defects such as 
knots of which the charring characteristics are not known, and that the 
strength of this class of materials is more precisely determined, which 
means less redundance for fire safety. Thus, the precise prediction of 
char thickness as a function of knot area content is essential. No data 
exist to indicate that the reduction in strength and stiffness in the 
unburnt portion of an exposed member is indeed the same, proportionally, 
between defect-free and defective regions, or between materials of 
different grades.

Problem/Opportunity
The modern engineered wood structural systems are usually assembled from 
light-weight lumber, rely on metal-plate connectors and their design 
takes into account the composite behaviour between elements. Such 
systems are efficient from the point of view of structural adequacy but 
their fire performance needs to be accurately predicted so that they can 
be more readily accepted in fire-rated building construction on the 
basis of system performance.
The risk assessment model, developed by agencies in Canada and 
Australia, evaluates the whole building performance in terms of expected 
risk to life and fire-cost, taking into account the dynamic interactions 
between human behaviour, fire growth behaviour, and fire spread 
behaviour. This particular development has been well-received by the 
code authorities, and represents an opportunity for wood whereby 
different construction materials or systems can be evaluated on the same 
basis.

biectives

To determine the structural reliability of lumber exposed to fire.



Approach
A probabilistic model for knot distribution in lumber as a function of 
grade and species will be developed. A means of parameterizing knot and 
cluster of knots will be sought. The charring characteristics of defect- 
free wood and defective wood will be compared. The strength reduction of 
wood exposed to elevated temperature as a function of the knot parameter 
will be investigated. Finally a reliability analysis will be carried out 
for the case of "during fire" as well as the case of "after fire".

Results
The literature concerning the effects of heat exposure on the physical 
and mechanical properties of lumber has been critically reviewed.

Implications
Depending upon the loading mode, to carry a given structural load, 
lower-grade lumber should in theory provide greater fire endurance than 
higher-grade lumber. This is because the size of each wood element in an 
assembly must be increased, or the distance between individual wood 
elements in the assembly decreased. However, this theory assumes that 
the fire performance (strength at elevated temperatures, charring rate, 
heat transfer and failure mode) of the defects (knots, pitch pockets, 
splits and crakes) in lower-grade timber is no different from that in 
clear, straight-grain (defect free) timber.
On the other hand, the lumber-grade effect on structural reliability is 
expected to be different between "during exposure" and "after exposure". 
In "during exposure" the mission time is short and the probability of an 
extreme load occurring during the same time period is rather remote. 
During the remainder of the service life of an exposed member, the 
mission time can still be quite long and therefore the reliability 
calculation in this case is the same as an unexposed member. That is, it 
must be calculated against an extreme load occurring during the 
remaining expected life of the member. In this scenario, the lumber- 
grade effect on the reliability depends on the relative effect of 
exposure to high temperature between the different grades.
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