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Objective

To characterize the visco-elastic behaviour of a single member in tension exposed to subcharring temperatures, 
and to develop and validate a test method to analyze visco-elastic behaviour in compression for structural fire 
resistance of fire-rated wood-based building systems

Industry Liaison

Rod McPhee - Canadian Wood Council 
Bob Knudson - MacMillan Bloedel

Background

In predicting the structural performance of fire-rated systems under axial compression loads, two of the critical 
inputs are the degradation effect of heat on the compression strength of the framing members and the effect 
of temperature on the visco-elastic properties of the members. The members are typically 38 thick, and 89 mm 
to 185 mm deep. Although our knowledge of their structural behaviour under normal end-use conditions has 
increased markedly, we lack the needed understanding of their visco-elastic behaviour at elevated temperatures. 
Recently-conducted fire tests on wood-frame walls have indicated that the visco-elastic behaviour of these 
members, in addition to charring, plays a crucial role in the ultimate performance in fire.

The North American Wood Products Fire Research Consortium (NAWPFRC) and other similarly-oriented 
research groups abroad regard such information high-priority. This work supports Forintek's mandate in the 
development of fire endurance models for wood-frame assemblies. Forintek also has a national mandate to 
support Canada's wood products industry in domestic and export markets through development of technological 
data on properties of wood. In this regard these data are needed to prepare for the arrival of an Objective-based 
Code (objectives defining performance expectation) in Canada by Year 2000. Without realistic material 
properties and performance data, the wood industry may not be able to provide building materials and designs 
in accordance with performance expectations demanded by the new code.

Attempts have been made to model the structural behaviour of wood-stud gypsum-board protected wall 
assemblies exposed to fire. Although the models were able to predict temperature-time relationships quite 
accurately, their predictions of the time-to-failure due to structural instability were not satisfactory, partly 
because the input data were based on small, clear specimens, with no consideration of the effect of duration 
of exposure and impact of history on the visco-elastic behaviour of the material.

When a member is axially loaded in compression, the load becomes eccentric with respect to the major axis 
of the member during the course of the fire. The eccentric load subjects the member to both compression and 
bending stresses but compression effects dominate the ultimate load-carrying capacity because the side nearest 
to the fire is mainly stressed in compression.



Information about compression strength of lumber between 50°C and 300°C is lacking. Available information 
pertains mainly to the response of small, clear wood specimens, specific to a particular exposure time. Existing 
information shows that compression is more adversely affected than tension or bending. Because of the 
existence of defects in lumber, the effect may also be influenced by the lumber's initial grade. Such a strength- 
dependence on lumber grade is common in wood. In fire safety design, lower-quality does not necessarily 
imply shortened performance because, to satisfy a certain normal structural requirement, lower-quality material 
will generally need to be larger in size and therefore could provide a better overall endurance.

This project is the planned follow-up to a project entitled "Structural Reliability of Wood-Based Building 
Systems Exposed to Fire " (30-10K-042) which was terminated in 1995-96. That project provided the 
experimental data on the visco-elastic behaviour of 2 x 4  structural lumber in tension under the effect of 
elevated temperatures. The present project will characterize this behaviour by means of a mathematical model. 
Also, in this project, a compression testing apparatus will be developed for the purpose of evaluating 
compression behaviour (with and without eccentricity) of 2 x 4  members at elevated temperatures up to 250°C.

A project will be subsequently proposed to evaluate the compression behaviour of 2 x 4  members at elevated 
temperatures pending on the successful development of the testing equipment and method.

Work Completed

The literature on compression strengths of wood and on structural modelling of columns at elevated temperatures 
was reviewed. A working plan has been developed.

An apparatus for testing 2*4 wood members in axial compression has been designed, constructed and evaluated. 
Two pilot tests were conducted with this equipment. It is designed to test wood members up to 610 mm in gauge- 
length in pure axial compression. The members will be in contact with a pair of heating platens. The platens have 
been designed to support the member so as to prevent buckling in the weaker lateral direction. Axial deformation 
is monitored by a pair of LVDT transducers. Loading is accomplished by a load-testing system which can 
increase the load at a constant rate or maintain the load at a constant level.

A sample of Machine-Stress-Rated Spruce-Pine-Fir lumber has been procured. The material was first conditioned 
to a moisture content of between 9-11%, then planed to a uniform thickness of 35 mm. Each piece of lumber 
was then divided into 1220-mm-long specimens. The entire population was then inspected to remove unwanted 
species or specimens with defects located near the two ends. Tests groups containing 60 specimens each were 
then systematically formed based on specimen weight.

Possible cooperative research in the area of structural fire performance of lumber have been explored between 
Forintek and the USDA Forest Products Laboratory. Two studies have been identified — one on the residual 
tension strength of MAR. lumber after a fire exposure and the other on the compression strength.

A paper entitled "Behaviour and Reliability of Wood Tension Members exposed to Elevated Temperatures" was 
presented to the North America Wood Products Fire Research Consortium Fire Modelling Subcommittee in New 
Orleans on November 1, 1996.

A paper entitled "Modelling Tension Strength Behaviour of Structural Lumber Exposed to Elevated 
Temperatures" has been accepted by the International Association of Fire Safety Science. This paper was 
presented at the Association’s Fifth Symposium meeting.

Analysis of charring data on a sample of Machine-Stress-Rated Spruce-Pine-Fir lumber exposed to 500°C was 
completed. The results show that the rates of charring were initially non-linear. After the first 2-3 minutes of 
exposure, the rates decelerated to about 0.4 mm per minute. However, the rates re-accelerated at the latter stage 
of the fire exposure. The variability of the rate of charring was also characterized. The results will be important 
to reliability analysis.



Analysis of the tension stress-strain data has started. The initial work involved the expression of the stress-strain 
data of 1200 tension tests as a continuous function of time. These stress-strain data form the basis for the 
modelling of the visco-elastic behaviour of lumber at elevated temperatures up to 250°C as a function of the load 
and temperature history of the tests.
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