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SUMMARY 

The bearing strength of Hem-Fir MSR lumber has increased from 11 to 38% over the previous bearing 
strength values. The upgraded design values will be published in the upcoming supplement to the Canadian 
Engineered Wood Design code, CSA-096.1-M94. This code change was assisted in part by data developed in 
this project on the bearing strength of Hem-Fir. 

This code change, although it did not affect the bearing strength of visually grade Hem-Fir lumber, is 
significant to the utilisation of Hem-Fir MSR lumber in the Canadian market. Grades of MSR Hem-Fir 
lumber 1650f-1.5E or higher now have the same bearing strength values as S-P-F MSR lumber. This 
simplifies the design code when MSR lumber is specified and allows the full potential of MSR Hem-Fir lumber 
to be used in engineered wood applications such as trusses. 

Additional data are being collected on the performance of Hem-Fir lumber under constant loads. This data 
will create a data base on Hem-Fir lumber similar to that developed for S-P-F and D.Fir-L in 1993-1994. 
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1.0 OBJECTIVES 

The objective of this project is to establish characteristic bearing strength values for flie Hem-Fir species group 
inCSA-086.1. 

2.0 INTRODUCTION 

The compression perpendicular-to-grain or bearing strength of wood is one of many items that must be 
checked when designing a wood structure or component. Bearing capacity, as with most structural wood 
properties, changes with species, wood density, wood moisture content, and end use application. Design codes 
must take all these into consideration and provide design criteria are botii safe, simple to apply and structurally 
efficient. 

With the expanded use of engineered wood products such as trusses and I-joists, designers have noticed many 
instances where die use of a particular grade and species of lumber is limited by the bearing strength. For 
example, in the bottom chord of a metal plate coimected truss, the lack of bearing strength capacity may 
prevent the use of certain species of machine stress rated (MSR) lumber even tfiough the lumber possesses 
more than enough tension and bending strength. 

Recent code changes to the bearing strength design (Lum 1995) have helped to improve the bearing strength 
capacity of S-P-F MSR lumber. Up until the introduction of the 1994 edition of the Canadian engineering in 
wood design code (CSA-086.1), D.fir-L was the preferred species where high bearing capacity was required. 
The code change meant that high grades of S-P-F MSR lumber could be used where formerly only D.fir-L 
could be used. This change was significant given tiiat nearly all MSR lumber produced in Canada is in the 
S-P-F species group. 

At that time, the bearing strength values for Hem-Fir liimber was also to be revised, but die change was 
rejected due to a lack of supporting data. Given that MSR Hem-Fir lumber was not common at the time, no 
changes were made to the Hem-Fir bearing strength values. However, with the addition of kiln-drying 
capabilies on coastal British Columbia, mills have been either considering or starting to produce MSR lumber 
from the Hem-Fir species group. Those mills that are producing Hem-Fir MSR lumber have found that the 
use of this lumber in truss applications is severely limited by the relatively low bearing capacity assigned to the 
Hem-Fir species group. 

The purpose of this project was to develop the data for supporting a change to the bearing sti-ength capacity of 
Hem-Fir lumber. The timing was critical given that a supplement to the CSA-086.1-M94 code was due to be 
approved in November of 1995. Although the work followed a test plan sinular to that originally done by 
Forintek for the D.fir-L and S-P-F species group (Lum 1995), the scheduling of the task was such that short 
term test data necessary for the 1995 code change was developed first. Only preliminary data from the 
constant load tests were analysed to further validate the code change. 

The proposed revision to the bearing stirength values for Hem-Fir MSR lumber was accepted at the November 
1995 meeting of the CSA Technical Committee on Engineering Design in Wood. The upgraded values will be 
published in the supplement to CSA Standard 086.1-M94. Details of this code revision will be discussed in 
this report. At the time this report was written, constant load tests of Hem-Fir samples were still ongoing and 
will not be completed until the first quarter of the 1996/97 fiscal year. Available constant load test results and 
their use in influencing the change to the bearing strength of Hem-Fir MSR lumber will be discussed. The 
remaining constant load test results will appear as an addendum to this report. 



3.0 BACKGROUND 

In the 1994 edition of the Canadian engineered design in wood code (CSA-086.1-M94), two major changes 
were made to the bearing design section (Lum 1995; Lum and Karacabeyli 1994). The first change was a 
refinement of the design procedure which treats bearing stresses caused by loads applied near member supports 
different from bearing stresses caused by loads applied away from the supports. For loads applied within a 
member depth of a support, the bearing stresses must be limited to two-thirds of the basic bearing strength 
value (Lum and Karacabeyli 1994). The new procedures also recognised the increased bearing strength of 
members loaded on their wide face rather than on the edge: for example, the bearing strength capacity per unit 
area on the 89-mm wide face will be greater than the bearing strength over the 38-mm wide surface. A 15% 
increase in bearing strength is recognised for bearing on a face that is at least twice the depth of the member. 
These two refinements to the design procedure were the result of a need for publishing higher bearing strength 
values in the code, especially for use with new engineered wood products. 

The second change was a revision to the characteristic or basic bearing strength values with emphasis on 
ensuring consistency between the code sections on sawn lumber section and glued-laminated timbers (Lum 
1995). To achieve the consistency, a relationship developed by the Canadian Wood Council (CWC) relating 
the bearing strength of lumber to the wood density was applied. For visually graded lumber and 
glued-laminated timber, the model suggested the following: a 10% reduction in the bearing strength of the 
D.fir-L species combination; retention of the existing value for visually graded S-P-F; and a 35% increase for 
Hem-Fir lumber. For S-P-F MSR lumber, the model suggested an increase of about 25% for grades 
2100f-1.8E or higher. With the exception of the change to the Hem-Fir bearing strength value, all changes 
which were supported by data developed at Forintek for visually graded lumber (Lum 1995) and for MSR 
lumber (Lum 1989), were accepted by the code committee. 

The change to the Hem-Fir bearing strength value was rejected for lack of data. The proposed code change 
would have placed the bearing strength of Hem-Fir between that of S-P-F and D.fir-L. Previous studies by 
Madsen (1982) showed that Hem-Fir has a lower bearing strength value than S-P-F. The test results by 
Madsen, however, were not obtained from a standard test procedure and therefore could not be used in the 
code change. Consequentiy, the bearing strength value for Hem-Fir lumber was left unchanged. 

4.0 STAFF 

C. Lum Wood Engineering Project Leader 

J. Cook Wood Engineering Department Manager 

L. Olson Wood Engineering System Technologist 

R. Abbott Wood Engineering Technologist 
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5.0 MATERIALS AND METHODS 

5.1 Materials 

5.1.1 Sampling 

Test samples for this study was taken from lumber originally collected for an in-grade lumber testing program 
on western hemlock and amabalis fir (Palka 1995). For each species, the wood density values determined 
from the in-grade lumber testing program were used to rank the available boards. Boards from which samples 
would be obtained were then selected such that the resulting sample would cover a wide wood density range. 
From each board, a section containing about 1 m of clear wood was cut. The density values of the test 
samples are given in Table 1. 

Table 1 

Relative Density of Test Samples (oven-dry volume basis) 

Species Sample Size Average Relative Density Standard Deviation 
Relative Density 

Western hemlock 57 0.486 0.059 

Amabilis fir 65 0.427 0.053 

Hem-Fir (both species) 122 0.454 0.063 

5.1.2 Preparation 

Clear wood samples were cut from each board and labelled as shown in Figure 1. 

38mm 

38mm 

38mm J 

"•— 151mm—• •— 151mm-* •— 152mm-* 152mm—• -»— 152mm—• 

c E l E2 E3 
FO FO 

A D1 D2 D3 
FO 

Density block Waste 
NOTES: 

Specimens A and C from the same cross-section 
Specimens Di to D3 from the same edge 
Specimens El to E3 from the same edge 

Surface wide face. Plane boards to a thickness of 38 mm 
Specimens A, C, and El to E3 are 38x38x152 mm 
Specimens DI to D3 are spare 

Figure 1. Specimen dimensions and sampling. 



All specimens were stored under one of two constant environmental conditions (Table 2). Short term test 
specimens were conditioned at 20°C/65% RH but tested under ambient laboratory conditions 

Table 2 

Environmental Conditions 

Specimen Designation Temperature Relative Humidity Approximate Moisture 
Content 

A, C, D1-D3, E1-E2, FO 20°C 65% RH 12% 

E3 10°C 85% RH 19% 

Although short term tests were done under laboratory conditions at the time of test, specimens were only 
exposed to these conditions for the duration of the test (generally 10 to 15 minutes). Constant load tests on E2 
and E3 specimens were conducted under 20°C/65% RH and 10°C/85% RH conditions, respectively. Note 
that the specimens E2 and E3 were end matched and tested under two environmental conditions. 

5.2 Methods 

5.2.1 Short Term Tests 

All short term tests were conducted according to ASTM D143 (ASTM 1992) except for the following: 

• specimen size of 38 mm by 38 mm for samples A, C and E instead of 51 mm by 51 mm 
• specimen size of 38 mm by 98 nun for samples F instead of 51 mm by 51 mm 
• random growth ring orientation instead of growth rings parallel to the loading direction 
• bearing length of 38 mm for samples A and C instead of 51 mm 
• bearing over the full length of sample E l instead of 51 mm 
• all specimens were stored in constant environmental chambers maintained at 20°C/65%RH 

These differences from the ASTM D143 test procedures are similar to those made for the testing program on 
D.fir-L. and S-P-F. Although ASTM D143 standard size specimens may be exti-acted from timbers or logs, it 
is difficult when testing samples from sawn lumber. Consequentiy, a smaller 38-mm by 38-mm size with 
random growth ring orientation was adopted. The large sample size used in tiiis test program is to account for 
the larger scatter in results when a random growth ring orientation is used. Bearing strength values 
comparable to values from a standard ASTM D143 may be obtained by using a 38-mm long bearing plate and 
computing die average stress at a 0.76mm (0.03 inch) deformation level ratiier than the standard l-irmi (0.04 
inch) level (Lum 1994, 1995). 

Relative density measurements were obtained using a water immersion method to determine die oven-dry 
volume (Lum et al.. 1996). The E l test specimens were used as the short term control group for the constant 
load tests. 



5.2.2 Constant Load Tests 

The constant loading apparatus used is described in Lum (1994). The apparatus is a modification of a test 
fi-ame originally used to test in-grade lumber in compression parallel-to-grain (Samson and Olson 1987). The 
setup allowed tiie specimens in groups E2 and E3 to be tested in pairs as shown in Figure 2. Bearing stresses 
were applied over the fixll length of the specimens. 

Half round to allow rotation 
about one axis 

Steel bearing 
plate 

Steel bearing 
plate 

Top 
Specimen 

Top 
Specimen 

Bottom 
Specimen 

Steel bearing 
plate 

Bottom 
Specimen 

Spherical seat to allow 
rotation about two axis 

Figure 2. Specimen orientation for constant load tests. 

Following the short term tests on the E l samples, a basic constant load level of 3.10 MPa (450 psi) was 
selected. This stress level was the average stress level required to deform the western hemlock E l specimens 
to a 0.76mm (0.03-inch) deformation. This stress level is about mid-way between the current bearing strength 
value for Hem-Fir and the bearing strength value based on the CWC model. 

For each species and environmental conditions, the E2 and E3 samples were further separated into two groups 
with similar relative density distributions. The two groups were tested under a constant load equal to 40% 
(1.24 MPa) and 60% (1.86 MPa) of the basic load level, respectively. Table 3 lists the constant load levels 
and sample sizes. 



Table 3 

Constant Load Levels and Sample Sizes 

20°C/65% RH 10°C/85% R H 

Species 40% x Basic Load 60% x Basic Load 40% x Basic Load 60% x Basic Load 

(1.24 MPa) (1.86 MPa) (1.24 MPa) (1.86 MPa) 

Western hemlock 29 29 28 28 

Amabilis fir 33 33 32 32 

For each frame, deformation measurements are taken from the front and back of the top and bottom 
specimens. During uploading, a microcomputer based data acquisition system was used. The uploading rate 
was approximately 0.3-mm per minute (0.012-inches per minute). After reaching the constant load level, 
measurements were taken manually witii a digital caliper. Manual measurements were taken at the following 
intervals: 

• 30 minutes after the start of the test 
• 1 hour after die start of the test 
• 2 to 4 hours after the start of the test 
• every day for 6 days 
• twice on the seond week 
• weekly thereafter 

Specimens were kept under load for 2 months. However, a test was terminated early if both specimens in a 
pair deformed more than 5-mm (0.20-inches) each during the constant load period. 

6.0 RESULTS AND DISCUSSION 

6.1 Short Term Tests 

Average bearing stresses were computed at a deformation level of 0.76mm (0.03 in). The sti-ess at this 
deformation and for die specimen size tested would on average be equal to the bearing stress at a 1-mm (0.04 
in) deformation in a standard ASTM D143 specimen. The scatter diagram of the average C-perp stress and 
relative density of the A and C specimens is shown in Figure 3, results are summarized in Table 4. Figure 4 
compares the average deformation curve for this project's standard specimen with the fiill lengtii bearing 
(specimen El) , and the wide specimens (specimen FO). 

The plot of bearing stirength versus wood density shows die amabilis fir to have a lower average density than 
western hemlock. Nevertheless, the two species were consistent with the CWC model. The bearing 
strength-density trend followed the trend predicted by the Canadian Wood Council (CWC) model. A 
comparison of the 38-mm ynde with the 98-inm wide specimen supports the width effect fiictor contained in the 
design code for bearing on the wide face of members (Figure 4). 
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Figure 3. Plot of C-Perp stress at 0.76nun deformation against relative density. 
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Figure 4. Average stress versus deformation curves for short term tests. 



6.2 Constant Load Tests 

Although the constant load tests are still continuing, preliminary test results indicate significant differences 
between the amabilis fir and the western hemlock performance. As expected, at tive 10°C/85%RH 
environmental conditions, more creep was observed. However, the level of creep observed for the amabilis fir 
was significantiy higher than for die western hemlock even at the 40% basic load level (Figure 5 to 8). 
Because of tiie increased creep observed for the amabilis fir, a bearing strength value based on a relative 
density of 0.46 for Hem-Fir was not pursued. 
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Figure 5. Deformation under constant load for amabilis fir at 40% basic load level and 20°C/65% RH. 



Figure 7. Deformation under constant load for western hemlock at 40% basic level and 20°C/65% RH. 



Information gathered on the 60% basic load level is still underway. Preliminary data indicates that the western 
hemlock samples are performing as expected. Typical deformed sections of specimens after a 2 month 
constant load are shown in Figure 9. Most deformations will be visible to the eye. 

Figure 9. Typical sections that exhibit large deformations from constant load tests. 

6.3 Code Implementation 

The equation developed by the Canadian Wood Council (CWC) to relate bearing strength to the average 
relative density is 

= 0.9 (15.48 RDoD - 3.27) MPa 

where / J D Q O is the relative density based on an oven-dried volume and mass and is the allowable bearing 
strength. To convert to a specified strength, the allowable bearing strength value should be multiplied by 1.81. 



This factor assumes a dead-to-live load ratio of 0.25, and dead and live load factors of 1.25 and 1.50, 
respectively. The density value assumed for Hem-Fir in-grade lumber is 0.46 (NLGA 1994). Using the CWC 
equation, the allowable for Hem-Fir lumber would be 3.5 MPa. 

Although the CWC model is consistent with a regression between the average C-perp stress at 0.76nMn 
deformation and the relative density, a default value of 3.5 MPa would result in no western hemlock samples 
but nearly one-fifth of the amabilis fir samples with C-perp values below 3.5 MPa. The current default value 
of 2.6 MPa appears more appropriate for visually graded lumber. This approach is supported by the available 
constant load test results. Even at die 40% load level, the amabilis fir exhibited significantly more creep than 
the western hemlock. The levels of creep for western hemlock at the 20°C/65% RH level (Figure 7) was 
similar to that found for S-P-F and D.fir-L (Lum 1995). 

Further examination of the short term results suggested that a higher bearing strength value could be supported 
for Hem-Fir MSR lumber. The bearing strengtii values assigned to MSR lumber in Canada are a function of 
the species and grade as shown in Table 5. 

Tables 

Bearing Strength Assignments in CSA-086.1-M94 

Species Grade Allowable frp (M^^^ Specified frp(^^^ 

D.fir-L All visual grades 3.9 7.0 

All MSR grades 3.9 7.0 

S-P-F All visual grades 2.9 5.3 

MSR grades below 2100f-1.8E 2.9 5.3 

MSR grades 2100f-1.8E and higher 3.6 6.5 

Hem-Fir All visual grades 2.5 4.6 

All MSR grades 2.5 4.6 

Data from a Hem-Fir MSR mill indicated that Hem-Fir MSR lumber grades contain essentially western 
hemlock (Soderstrom 1995). Therefore a proposal was developed to upgrade only the bearing strength value 
assigned to Hem-Fir MSR lumber. The data presented in Figure 3 suggests that western hemlock alone could 
sustain a C-perp value based on a density of about 0.46. To keep die bearing strengtii assignments simple, it 
was proposed tiiat Hem-Fir MSR lumber be assigned die same bearing strength values as S-P-F MSR lumber 
except for the very low grades of MSR. For MSR lumber grades below 1650f-1.5E, die bearing strengtii for 
Hem-Fir MSR lumber would revert back to die value for visually graded lumber. The new bearing strengtii 
values of Hem-Fir MSR lumber, which was accepted at tiie 1995 meeting of tiie CSA Technical Committee on 
Engineering Design in Wood are given in Table 6. 



Table 6 

New Bearing Strength Assignments for Hem-Fir 

Species Grade Allowable fa. (MPa) Specified/cp (MPa) 

Hem-Fir All visual grades 2.5 4.6 

MSR grades below 1650f-1.5E 2.5 4.6 

MSR grades 1650f-1.5Eto 1950f-1.7E 2.9 5.3 

MSR grades 2100f-1.8E and higher 3.6 6.5 

This revision had a number of advantages: 

1. It was consistent with the value assigned to visually graded Hem-Fir lumber. 
2. Higher bearing strength values were assigned to higher strength Hem-Fir MSR grades. 
3. The implementation required only minor changes in the wording of a footnote to the mechanically 

graded lumber tables in CSA-086. 

From an end user's standpoint, tiie change meant tiiat for MSR lumber grades 1650f-1.5E or above, Hem-Fir 
can be substituted for S-P-F witiiout having to re-check the bearing capacity. 

7.0 CONCLUSIONS AND RECOMMENDATIONS 

Higher bearing strength values for Hem-Fir MSR lumber were developed and implemented in die supplement 
to the CSA-086.1-M94 design code. Altfiough a higher value could not be justified for visually graded 
Hem-Fir lumber, tiie increases provided for Hem-Fir MSR lumber will allow tiiis species of MSR lumber to 
be used efficientiy in truss and otiier engineered wood applications. 
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Canadian Forest Service Project No. 13 

February 1996 

Subject: Bearing Strength of Hem-Fir MSR Lumber 

UPGRADING THE BEARING STRENGTH OF HEM-FIR LUMBER IN THE CANADIAN WOOD 
DESIGN CODE 

Problem/Opportunity 

Traditionally, littie attention has been paid to developing accurate bearing strength values for tiie code. In 
most structures, the bearing capacity is checked last and generally found to be adequate. However, witii 
the increased use of MSR lumber in engineered wood components such as trusses, designers have found 
that the bearing strength requirement cannot be met witii certain species. When the bearing strengtii of a 
member is found to be inadequate, the modifications to the detail are generally cumbersome. 
Consequentiy, the designers avoid certain species that have low bearing strengths. 

Visually graded Hem-Fir lumber has die lowest bearing strength value among the three major Canadian 
species groups. When MSR lumber is produced from Hem-Fir, die lumber must be assigned the same 
bearing strength value as visually graded lumber of tiie same species. Although high strength grades of 
MSR lumber may be produced from the Hem-Fir species group (1950f-1.7E or higher), tiieir use is 
severely limited because of die low bearing strength values. , 

There is a need to assess whetiier a low bearing strength value is justified for both visually grade and MSR 
Hem-Fir lumber. 

Objective 

To establish characteristic bearing stî ength values for the Hem-Fir species group in CSA-086.1. 

Approach 

A testing program to develop data on die bearing strengtii of Hem-Fir lumber was established. The testing 
was designed to provide similar information as tiiat developed for S-P-F and D.fir-L. in an earlier 
program. Testing consisted of short term as well as long-term constant load tests. 

Results 

The test results indicated tiiat while tiie bearing strengtii value of visually graded Hem-Fir lumber should 
be maintained, the bearing strength value of Hem-Fir MSR lumber could be increased. The data was used 
to support a code change proposal tiiat was submitted and accepted at the November 1995 meeting of tiie 
CSA Technical Committee on Engineering Design in Wood. 

The change resulted in an increase about 11% in the bearing strength assigned to the 1650f-1.5E grade, 
and a 38% increase in the 2100f-1.8E grade. The new bearing strengtii values for Hem-Fir MSR lumber 
grades 1650f-1.5E and higher are identical to those for S-P-F MSR lumber. This approach simplifies the 
code for designers who specify MSR lumber. 
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Implications 

The increased bearing strength will allow Hem-Fir MSR lumber to be used efficientiy in truss applications. 
Designers can now take fiill advantage of the strength properties available in Hem-Fir MSR lumber. 

The completion of this project marks the conclusion of providing data to support changes to the bearing 
strength values for the major Canadian commercial species groups. 
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