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ABSTRACT 

This report presents the results of a study aimed at obtaining quantitative data to determine the 
effects of temperature on the Modulus of Elasticity (MOE) and the Modulus of Rupture (MOR) for 
different grades of Alberta S-P-F 2"x4"x12' lumber samples. Approximately 500 specimens were 
Machine Stress Rated (MSR) to determine MOE at +200c, -15OC and -aooC. In addition, 120 
specimens were statically tested to destruction to determine actual MOE and MOR at the three 
test temperatures. The static testing was performed in accordance with NLGA Special 
Publications Standard 2 and ASTM Standard 0 198. 

As expected, the results indicate that there is an inversely proportional relationship between 
temperature and both MOE and MOR. That is, as the temperature is lowered, MOE and MOR 
increase. Relative to the test temperature, the static tests imply that MOE increases 0.13o/ot>C and 
MOR increases O.34o/ot>C as the temperature decreases. The MSR tests resulted in an increase 
in MOE of O.39%fC as the temperature was lowered. It was also found that the change in MOE 
and MOR was greater when the temperature change reS\Jlted in a phase change of the moisture 
in the lumber samples. This implies that the moisture phase change is a significant factor in MOE 
and MOR changes with temperature. 
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1.0 INTRODUCTION 

1.1 Objectives 

The objectives of this project are as follows: 

• to determine the cold temperature effects on the relationship between flexural stiffness 
and flexural strength of structural sized lumber; and 

• to determine low temperature calibration factors for Alberta lumber graded with BS 
52681SF-AF stress grading machines to provide reliable indications of actual strength. 

1.2 Project Rationale 

It has been rationalized that the development of better methods for determining the low 
temperature stiffness-strength relationship of structural sized lumber will result in: 

• more reliable machine stress ratings, improving the safety and product marketability; and 

• the possibility of avoiding a delay in proof testing lumber being Machine Stress Rated 
(MSR) at low temperatures by changing the requirement that it be heated prior to testing, 
reducing the cost and increasing the effectiveness of the quality assurance feedback 
system. 

1.3 Work Plan 

The following tasks were completed to fulfill the objectives stated above: 

• low temperature testing of approximately 500 pieces of Alberta S-P-F 2"><4"><12' lumber 
with a commercial MSR machine (Tech mach SG-AF). Low temperatures were 
accommodated by placing the lumber specimens in a large temperature-controlled 
laboratory; and 

• lumber sample testing according to the procedures summarized in NLGA Special 
Publications Standard 21 and ASTM Standard 01982 to determine the actual Modulus of 
Elasticity (MOE) and Modulus of Rupture (MOR). 

Work included: 

• project initiation (planning, test set-up, specimen preparation); 
• room temperature tests at +200C; 
• cold temperature tests at -15°C; 
• cold temperature tests at -3<fC; and 
• data synthesis and reporting. 



1.4 Project Collaboration 

This project was carried out as a co-operative effort between the Centre for Frontier Engineering 
Research (C-FER) and the Wood Products Engineering Section of the Alberta Research Council 
(ARC). Project management responsibilities were provided by C-FER; ARC was retained to 
provide services as subcontractor. Both organizations contributed to the major technical tasks of 
the project. 

2.0 TEST PROCEDURES 

A total of 520 pieces of Alberta S-P-F 2-x4"x12' lumber were obtained for testing from Millar 
Westem Industries in Whitecourt, Alberta. Table 2.1 summarizes the test pieces. The number of 
pieces tested at the different temperatures are shown in Table 2.2. 

Testing was performed in three phases corresponding to each of the three test temperatures. For 
each phase, static testing initiated shortly after commencement of the MSR testing. MSR testing 
was performed in about a day for each phase, with static testing taking about two days to 
complete. 

Table 2.1. Summary of test pieces. 

No. of Nominal Moisture 
Grade Designation Pieces Dimensions Content 

NLGA SPS2 MSR Grade 2100f 130 2" x 4" x 12' Kiln Dried «19%) 

NLGA SPS2 MSR Grade 1650f 130 2" x 4" x 12' Kiln Dried «19%) 

Millar Grade "J" (No. 1 equivalent) 130 2" x 4" x 12' Kiln Dried «19%) 

Standard and Better 130 2- x 4" x 12' Kiln Dried «19%) 

Table 2.2. Samples tested at different temperatures. 

No. of Pieces Proof Tested to 
Test No. of Pieces (MSR) Failure 

Temperature 
2100f 1650f "J" Std&Btr 2100f 1650f "J" Std&Btr 

+2~C 130 130 130 130 10 10 10 10 

-15°C 120 120 120 120 10 10 10 10 

-30°C 110 110 110 110 10 10 10 10 
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For each of the test temperatures, the lumber was allowed to thermally equilibrate with the 
environment for a minimum of two days. Individual pieces were separated with spacer boards to 
maximize the actual lumber cooling rate, reducing the time required to achieve equilibrium. 
Temperature monitoring was performed using thermocouple probes inserted into holes drilled into 
random lumber pieces. Temperature measurements were taken at intervals (every few hours on 
average) and testing commenced once the lumber temperature matched the cold chamber 
temperature for two or more readings. 

MSR machine operation problems at the low temperatures resulted in the decision to perform the 
MSR testing immediately outside the cold chamber area with the specimens transferred in and 
out of the cold chamber. The temperature of the lumber specimens was controlled inside the cold 
chamber. One at a time, the lumber specimens were taken from the cold chamber to the MSR 
machine for testing, then taken back into the cold chamber. The total time for MSR testing of an 
individual sample was about 30 seconds. Static testing was subsequently performed on the 
specimen in the cold chamber some time later. 

2.1 Static Proof Tests 

At each temperature, forty specimens (ten from each test grade) were statically tested on edge 
to determine MOE and MOR. All aspects of the static testing conformed to ASTM Standard 0198 
and NLGA Special Publications Standard 2. Rgure 2.1 illustrates the test set-up. 

L= 1867mm 
LJd = 21 

p 

p 

Figure 2.1. Static test set-up. 

Displacement 
Transducer 

As Figure 2.1 shows, each specimen was loaded at the third points of the span. The loads P 
were applied using hydraulic actuators connected to a pump in parallel so loading was applied 
equally to each load point. Six displacement transducers were used to _measure displacements 
at each of the reaction points and at the centre of the span. True midspan displacement was 
determined by subtracting the small displacements at the reaction points from the centre span 
measurements. As outlined in ASTM 0198, loading was applied at a rate so as to achieve failure 
within 6 to 20 minutes. On average, each specimen failed after about 6 to 7 minutes of testing. 
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2.2 Machine Stress Rating (MSR) Tests 

The machine stiffness rating tests were conducted with a commercial Stress Grading Machine 
manufactured by Techmach Ltd. (model no. SG-AF100, as shown in Figure 2.2). This type of 
machine is used in the United Kingdom to officially machine stress grade lumber according to the 
British Standards BS49781BS5268. 

The Techmach Stress Grading Machine operates using a single pass at a time. A single timber 
specimen is fed into the MSR machine twice to measure stiffness on both sides of the specimen 
(bending about the weak axis; i.e. on the flat side). While travelling through the machine, the 
timber is subjected to a pre-set deflection, the value of which depends on the size and species 
of the timber to be graded (for the tests described herein, the deflection was set at approximately 
7.4 mm). The load that the timber specimen exerts on the load roller is measured by a computer. 
During the first pass, the load readings are taken every 100 mm, and are paired with the readings 
obtained from the second pass. 

7 6 s e 
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Figure 2.2. Techmach Stress Grading Machine (model no. SG-AF100). 
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In this project, the stiffness readings for all specimens tested were stored in the computer. The 
readings, obtained at each discrete point on the timber specimen for passes one and two, were 
averaged and stored as well. Analysis of the influence of temperature on stiffness was performed 
by comparing the MOE readings from the same location of each specimen at the three different 
test temperatures. 

2.3 Other Measurements 

2.3.1 Moisture Content 

The moisture content was determined for each of the lumber samples tested to destruction in 
flexure. A representative sample was cut from each board (immediately after static testing to 
failure) and wrapped in a moisture-proof foil. The specimen was initially weighed, dried for 72 
hours at approximately 1050C, then weighed again. The moisture content was calculated as the 
weight loss of the wood sample relative to its oven dry weight. The average values of the 
measured moisture content are presented in Chapter 3. 

2.3.2 Lumber Dimensions 

The width and height of each statically tested lumber specimen was measured. For these 
samples, the average cross section dimensions were 38.3 mm x 89.0 mm, with a coefficient of 
variation (COV) for each of the measurements not greater than 1 %. 

3.0 TEST RESULTS 

This section presents the overall results of the static and MSR testing. Detailed test data can be 
found in a separate documenf. 

3.1 Static Tests 

Table 3.1 summarizes the static MOE and MOR results (MC = moisture content). 

The COY for the MOR results is somewhat higher than those for the MOE tests. This can be 
primarily attributed to the increased sensitivity of MOR to variations in the specimens, such as 
knots (size and location) and grain orientation. 

Figure 3.1 illustrates the relationship between temperature and MOE. 

As expected, the previOUSly machine rated grades 2100f and 1650f show a consistent trend of 
increase in MOE with a decrease in temperature. However, because the uJu grade group and the 
Standard and Better group consist of samples with a potentially larger stiffness range, the 
relationship between stiffness with temperature are less obvious. 

The trends between MOR and temperature are shown in Figure 3.2. 

Once again, the 2100f and 1650f grades show a reasonably consistent increase in MOR with 
temperature, and those for the uJu grade group and the Standard and Better group are not well 
defined. 
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The relationship between MOR and MOE is plotted in Figure 3.3. This figure shows the actual 
data points as well as the best fit line through the data for each test temperature. Also shown is 
the slope of the best fit line and correlation coefficient for each test temperature, indicating the . 
correlation between the best fit line and the test data. When r = 1, the correlation is perfect, and 
when r = 0, there is no correlation. 

Further assessments and graphical comparisons of the static test results to the MSR test results 
can be found in Section 3.3. 

Table 3.1. Results of the static testing. 

+200c -15°C -3OOC 

Grade MC MOE COV MC MOE COV MC MOE COV 
(%) (GPa) (%) (%) (GPa) (%) (%) (GPa) (%) 

2100f 17.3 12.1 12 17.6 12.7 10 18.8 12.8 11 

1650f 17.2 11.1 12 14.7 11.8 11 14.3 12.0 11 

"J" 15.9 11.8 16 14.9 11.1 16 15.5 13.0 19 

Std&Btr 15.3 11.8 16 14.5 11.2 13 15.6 12.2 16 

+200c -15°C -3OOC 

Grade MC MOR COV MC MOR COV Me MOR COV 
(%) (MPa) (%) (%) (MPa) (%) (%) (MPa) (%) 

2100f 17.3 50.8 15 17.6 62.4 19 18.8 59.0 25 

1650f 17.2 40.2 12 14.7 53.7 21 14.3 56.5 21 

"J" 15.9 50.3 23 14.9 44.2 39 15.5 61.7 38 

Std&Btr 15.3 49.8 28 14.5 54.4 28 15.6 52.8 29 
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Figure 3.3. Static MOR vs. static MOE. 

3.2 MSR Tests 

The stiffness measurements of the boards on flat by· the Techmach MSR machine are 
summarized in Table 3.2. 

Figure 3.4 illustrates the relative cumulative frequency of MSR MOE data for each of the four 
grades tested at +2ooC. 

As expected, the cumulative frequency curves for the lumber grades 1650f and 2100f show a 
relatively consistent trend (due to their previous stiffness grading), and the spread for the II J" and 
Standard and Better grades is quite wide. 

Figures 3.5, 3.6, 3.7, and 3.8 summarize the influence of temperature on MOE for each of the 
four grades. As can be seen in these figures, a large increase in MOE is observed for the 
temperature change from +2OOC to -15°C, while a much smaller change occurs for the 
temperature change from -15°C to -3OOC. 

Figure 3.9 further illustrates the effect of temperature on the mean MOE values. 
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Table 3.2. Results of the MSR testing. 

+200c -1500 -300C 

Grade Me MOE COY MC MOE COY MC MOE COY 
(%) (GPa) (%) (%) (GPa) (%) (%) (GPa) (%) 

2100f 17.3 11.2 7 17.6 13.3 7 18.8 13.7 7 

1650f 17.2 9.7 10 14.7 11.5 11 14.3 11.9 11 

uJu 15.9 10.3 17 14.9 12.1 17 15.5 12.7 13 

Std&Btr 15.3 10.4 13 14.5 12.0 14 15.6 12.5 13 
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3.3 Discussion and Comparison of Test Results 

Machine stress rating of lumber with the Techmach machine (as well as other machines, like the 
Computennatic and CL n rely on a anon-destructive flexurea detennination of the MOE (measured 
on the flat side of the 2"x4H specimen). Subsequent MSA grade classification is detennined by 
using known correlations between the MSA machine readings and static MOA and MOE (on 
edge) detennined at room temperature. In accordance with the current understanding of the 
effects of temperature on MOE and MOA, the series of tests described in this report show that 
when the MSA readings are used to estimate static MOA and MOE, a correction should be made 
for the temperature of the lumber. 

The results of the static and MSA stiffness testing indicate somewhat different trends with 
temperature. As indicated by Lum'., the equation to correct stiffness values at cold temperatures 
to +200c stiffness values can take the fonn: 

where: T = temperature in °C 

The above equation can be rearranged to take the fonn: 

K _ MOE..2ooc - MOET 
:r - MOEr(20OC - T) 

Using the results obtained in this study, the following linear approximations can be made to 
detennine the change in mean MOE with temperature: -

Kr = -O.OO13fC (Static Tests) 

Kr = -O.OO39fC (MSA Tests) 
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The preceding equations indicate that there is some difference between the MSR and static MOE 
relationship with temperature. The study described by Lum4 suggests that Kr can vary 
considerably, but that a value of around -Q.OO25JDC can be expected for moisture contents within 
the range of values measured in this test program (14 to 19%). The primary difference between 
the MSR and static Kr factors can be attributed to the large difference in room temperature MOE 
values, where the MSR values were, on average, about 12% less than those of the static tests. 

The same correction approach can be made for the MOR results. By replacing MOE with MOR 
in the Kr equation on the preceding page, the following factor is obtained: 

Kr = -o.()()34,PC (MOR Tests) 

Figure 3.10 illustrates the accuracy in using the MSR data to predict the results of the MOE and 
MOR static tests. 
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Figure 3.10. Static MOE and MOR vs. MSR MOE. 
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4.0 SUMMARY 

The results of this test program indicated that a temperature correction should be applied to 
lumber that is MSR graded at low temperatures in order to predict the MOE and MOR at room 
temperature. The values of MOE and MOR increased with a decrease in temperature, but the 
increase appeared to vary somewhat The MSR testing indicated an assumed linear change of 
MOE with temperature to be Kr = -o.39%fC, and that of the static tests to be Kr == -o.13o/afC. The 
change in MOR with temperature was close to the changes observed for the MSR MOE changes. 
That is, the correction factor for MOR is Kr == -o.340/0fC. 

Previous stiffness correction attempts for temperature variations4 have shown the MOE to vary 
considerably, but that an average correction of Kr == -o.250/0fC was appropriate for lumber 
samples having moisture contents within the range of values measured in this test program (14 
to 19%). 

The static MOE results at room temperature were higher than those measured during MSR 
testing. The reasons for this are not known, but speculation may lead one to believe that perhaps 
more static testing is required to produce a statistically acceptable data set The differences in 
MOE results at room temperature are the prime reason for the differences in the correction factors 
given in the previous paragraph. 

As expected, the 21 00f and 1650flumber grades (previOUsly stiffness graded) showed a relatively 
uniform increase in MOE with a decrease in temperature. MOE for the • J- and Standard and 
Better grades did not follow a consistent trend with temperature. 

The correction factors, Kr, for temperature ranges from -3QOC to +200C and from -15°C to +200C 
were about two times the Kr values obtained from a temperature change from -OOOC to -15°C. 
That is, per degree Celsius, the lumber stiffness did not appear to change much once it was 
frozen, but a large change was noticed as the lumber changed from above freezing temperatures 
to below freezing temperatures. This implies that there may be a dramatic change, or abrupt 
increase, in stiffness as a result of the phase change from liquid to solid of the moisture in the 
lumber. For the static MOE tests, Kr == -0. 13o/cJOC when the temperature change involves a phase 
change, but Kr == -O.080/0fC when the temperature change does not include a phase change. 
Similarly, the Kr factors for the MSR tests are -o.39o/afC and -0.20o/afC, respectively. The effect 
of moisture phase change on stiffness is one notable area for further research. 

The effect of freezing and thawing the lumber specimens (one cooling c.ycle) was briefly 
investigated through a second series of room temperature tests performed after the -15°C and 
-3QOC test series. The second set of +200C static MOE tests resulted in an 8% decrease, but the 
MSR MOE values did not result in any noticeable change. The static MOE decrease can be 
attributed to the small number of tests performed, and the MSR MOE data, indicating no change 
in MOE, should be considered the statistically acceptable data set. There was no noticeable 
change in MOR as a result of the cooling c.ycle. 
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