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NOTICE 

This report is an internal Forintek Canada Corp. ("Forintek") document, for release only to Forintek 
members and supporters. This distribution does not constitute publication. The report is not to be copied 
for, or circulated to, persons or parties other than Forintek members and supporters, except with the prior 
permission of Forintek. Also, this report is not to be cited, in whole or in part, unless prior permission is 
secured from Forintek. 

Neither Forintek, nor its members, nor any other persons acting on its behalf, make any warranty, express or 
implied, or assume any legal responsibility or liability for the completeness of any information, apparatus, 
product or process disclosed, or represent that the use of the disclosed information would not infringe upon 
privately owned rights. Any reference in this report to any specific commercial product, process or service 
by tradename, trademark, manufacturer or otherwise does not necessarily constitute or imply its endorsement 
by Forintek or any of its members. 



SUMMARY 

Changes to the Canadian timber engineering codes over the last 10 years have made it necessary for the 
wood truss industry to update the wood truss design procedures. The Truss Research Project was established 
to assist the truss industry to resolve some of the issues arising from the code changes. While most of the 
issues deal with the analysis of metal plate connected trusses and are therefore specific to the truss industry, 
some issues that deal with the fundamental strength properties of lumber apply to other engineered timber 
construction. One area that requires research is the strength of lumber under combined bending and axial 
loading conditions. 

A program to model the within-member strength variations of lumber is underway at the University of 
British Columbia; The purpose of this Forintek project is to develop equipment that can test lumber under 
combined bending and axial loads. This equipment will be used to validate the lumber strength model. 

The equipment to test lumber under bending and axial loading has been developed. This report presents a 
discussion of the equipment specifications and some of the limitations of the equipment identified to-date. 
The combined loading tester for lumber is currently undergoing verification and trial testing. It will be ready 
for use in the 1995/96 fiscal year. 
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1.0 OBJECTIVES 

The overall objectives of this project are 

• To design and build a testing apparatus to test lumber under combined axial and bending loads; 

• To carry out testing program on lumber; and 

• To develop an analytical model 

The work completed in the 1994/95 fiscal year focused on the first objective. 

2.0 BACKGROUND 

2.1 Problem - Conversion of metal plate connected trusses from WSD to LSD 

Punched metal plate connected wood trusses provide an economical means of constructing a timber roof or 
floor system from dimension lumber. Because the components are engineered and prefabricated, a high 
quality structural system can be assembled even for the most complex roof found in residential construction. 
In North America, the truss industry consists of two groups: the connector plate manufacturers or suppliers, 
and the truss fabricators. Metal plate connected truss design procedures have traditionally been developed by 
the truss plate manufacturers. In Canada, these procedures are maintained by the Truss Plate Institute of 
Canada (TPIC), an industry association consisting of the Canadian truss plate manufacturers and, more 
recently, a number of wood truss fabricators. 

The truss design procedures ensure consistency in the engineering judgement exercised by the structural 
designers working in the truss industry. Some examples of where engineering judgement is required is how 
a designer models a truss on a computer for structural analysis, and how he or she uses the analytical results 
to size connector plates. The TPIC design procedures are intended to be used in conjunction with the 
Canadian timber engineering design code, CSA-086. The CSA-086 timber design code provides procedures 
for determining the strength or capacity of a wood member; it does not provide guidance on how to analyse a 
structure or assess the structural demand on individual members. The timber design code and the TPIC 
design procedures together provide the necessary information for designing a metal plate connected truss. 
Over about the last 20 years, the TPIC have developed their design procedures around the working stress 
design (WSD) edition of CSA-086. 

In the early 70's, the National Building Code of Canada requested that design codes be written in the limit 
states design (LSD) code format by 1985. The Technical Committee on CSA-086 responded in 1984 with a 
code following the LSD code format and a new WSD code. The two codes differ only in format; the results 
of applying either code were intended to be similar because the LSD code was a soft conversion from the 
WSD code. The period between 1985 and 1990 was to be a transition period during which work on 
developing a reliability-based LSD code would be completed. In 1989, the Technical Committee on CSA-
086 approved a new LSD code that was based on reliability concepts, and that utilised the latest research 
resuhs from the Canadian in-grade lumber and the duration of load in lumber test programs. No fiirther work 
was done to revise the WSD code. However, to allow the design community to adjust to the new code, the 
1984 WSD code would still be referenced by the 1990 National Building Code of Canada (NBCC). The 
1995 N B C C would not recognise the 1984 WSD code. 



When the wood truss industry applied the 1989 LSD code to truss designs, they identified a number of 
discrepancies. Truss designs that met the requirements of the TPIC design procedures and the 1984 WSD 
code did not meet the requirements of the 1989 LSD code. The differences were attributed to special 
provisions that were introduced by the wood truss industry for the design of chord members in residential 
roof trusses. These special provisions, however, could not directly be used with the LSD code. Given that 
the latest codes are based on the state-of-the-art information on lumber properties, any discrepancy between 
designs based on the LSD codes and designs based on the WSD codes would normally be attributed to 
deficiencies in the WSD code. This is particularly true when the discrepancy resuUs in designs that are based 
on the LSD code which are safer than designs based on the old WSD codes. If no action is taken to address 
these discrepancies, then according to the wood truss industry, residential trusses designed to the new code 
will require either larger chord members or higher grades of lumber compared to trusses designed to the 
WSD code. 

2.2 Overall Truss Research Effort 

A truss research program was subsequently initiated to assess whether this increase in lumber strength 
requirements was warranted. If the change is not warranted, the tasks were 1) to investigate why there are 
discrepancies; and 2) to recommend revisions to the design code so to minimise these discrepancies. 

This is work being done by Forintek under a contract with the Canadian Wood Council. Two phases of the 
Truss Research Project have been completed (Lum, 1993; Lum 1994). The first phase of the study involved 
testing to destruction 120 residential pitched chord Howe trusses: sixty with a 4/12 slope, and sixty with a 
7/12 slope. Al l trusses had an overall length of 9.3 m and used 38 by 89 mm 1650f-1.5E S-P-F lumber for 
the top and bottom chords. A structural reliability analysis of the test results indicated these trusses provided 
levels of safety that were comparable to other types of timber construction. This work justified continuing 
the study to determine why a discrepancy exists between designs based on the WSD and LSD codes. 

The remainder of the study was divided into two parts: development and verification of truss design 
analogues, and the development and verification of lumber property models. The first part essentially 
examines those aspects of truss design that deal with quantifying the structural demand on the lumber: 
Forintek has primary responsibility of this part of the study. The second part examines those aspects of truss 
design that deal with predicting the strength or structural capacity of the lumber when used in truss 
applications. Much of the research for this second part will be done by a Ph.D. candidate in the Wood 
Science Department at the University of British Columbia (UBC). Forintek's role in this project is to 
develop the lumber test equipment and execute the lumber testing program. 

2.3 Lumber Testing and Within Lumber Member Strength Modelling Program 

The lumber properties work will focus on developing strength models for lumber under combined bending 
and axial loads. Past research on the performance of beam-columns (Buchanan et al, 1985; Foschi et al, 
1989) suggests that the current design equations in CSA-086.1-M89 do not allow the designers to fully take 
advantage of the available strength in beam-columns. Although these and other studies show that an axial 
compression force will improve the bending capacity of a member, this has never been taken advantage of in 
the design codes. This is because, in general, a designer cannot be assured that the compression force will 
occur at the same time as the bending force. Therefore, a more conservative and simpler design equation has 
been implemented in the Canadian timber design codes. In trusses, however, the geometry of the component 



is sucli that the axial force and bending moments always occur simultaneously. Therefore the current design 
equations for combined loading may be overly conservative for truss applications. 

A testing program to establish the within tension and compression strength of 38 by 89 mm S-P-F 1650f-
1.5E lumber is being planned at UBC. This testing is scheduled to start in fiscal year 1995/96. The purpose 
of this testing is to develop the basic lumber strength data for a stochastic finite element model. This model 
will then be use to predict the capacity of lumber under various bending load configurations, and 
combinations of bending and axial loads. 

An important part of the model development process is the model verification. This requires data on the 
strength of lumber under combined bending and axial loading. Although data is available for simple beam 
columns or columns over a single span, data for beam-columns continuous over two spans, which is the case 
in the top and bottom chords of a truss, is not available. Therefore, Forintek will develop equipment to test 
lumber under combined axial and bending loads. The basic motivation for developing this equipment is the 
need to assess the strength of a large number of top chord members. Only when such a data base is available 
may the structural reliability of the lumber under those loading conditions be assessed and compared to the 
model results. It was decided not to develop this lumber property data base by conducting additional 
destructive tests on full size trusses. As indicated, two truss configurations have been tested to assess the 
structural reliability of the top chord. Testing full size trusses in sufficient numbers over a wide range of 
trusses would be expensive and may result in a number of invalid specimens if the failure were not to occur 
in the chord member. Fabricating special trusses for a program may not always be feasible because 
introducing non-standard features may alter the stress distribution. 

2.4 Scope and Overall Progress 

This report discusses the progress to date on the design and fabrication of the combined loading tester for 
lumber. Technical issues identified during the development of this equipment are also discussed. At the 
time of this report, the test machine has been assembled. The equipment is undergoing verification testing. 
Operating procedures are also being prepared. 

3.0 STAFF 

C. Lum Project Leader 
Wood Engineering Scientist 

L. Olson System Technologist 



4.0 COMBINED LOADING EQUIPMENT DEVELOPMENT 

4.1 Basic Equipment Test Specifications 

The combined loading machine will test lumber according the schematic diagram in Figure 1. The test 
specimen will be loaded in bending over two spans. The length of each span will be equal but may be varied 
fi-om 1.5 m to 2.5 m. An axial load will be applied at the same time a bending load is applied so that the test 
specimen is subjected to a combination of bending and axial forces. Negative bending moments will be 
generated over the interior support. Negative moments can also be produced at the ends of the members by 
positioning the axial load and reaction point off the centreline of the member. The eccentricity. E l or E2, 
may be varied independently from 0 to 230 mm. The bending moment produced at each end would be equal 
to the product of the applied axial force and the eccentricity at the corresponding end (El or E2 in Figure 1). 
The bending loads will be applied at the third points; alternatively, they may be applied at the centre of each 
span. 

The other requirement of the test equipment is that the test specimen must be laterally supported during a 
compression test. In truss applications, the compression chords are generally laterally restrained by the 

L = test span 
E1 = end eccentricity at pinned end 
E2 = end eccentricity at displaced end 
P1 = vertical or bending loads 
P2 = horizontal or axial load 

P2 

Figure 1 - Schematic of combined bending and axial loading machine 

sheathing; this allows the designer to ignore out-of-plane buckling of the compression chord. In order to be 
considered fully restrained against buckling in this direction, the spacing between lateral support points must 
be less than 900 mm. At the same time, the system must also allow the member to deflect and buckle within 
the truss plane. The lateral restrain will be provided by steel guides on either side of the test specimen and 
spaced 900 mm along the test bed. Roller bearing pads will be placed between the specimen and the steel 
guides in order to minimise the friction and allow the specimen to freely deflect vertically. At this time, no 
allowance has been made to minimise the friction in the axial direction between the test specimen and the 
steel guides. This assumption will be checked during the equipment verification. 



Figure 2 siiows tlie combined loading machine with the lateral bracing system removed. A horizontal test 
bed for resisting the axial force is formed by two steel wide flanges. A 450 kN hydraulic actuator is attached 
to the end of the horizontal test bed and provides the axial load. In the middle, a vertical test frame with a 
450 kN hydraulic actuator straddles the horizontal test bed. The vertical test frame and actuator applies the 
bending loads through a series of cross-heads. 

The total lateral load will be monitored by a single load cell mounted between the actuator and the main 
cross-head. Smaller cross-heads symmetrically positioned on the main cross-head will divide the total load 
among four load points (Figure 3 and Figure 4). These load points will be positioned at the third points of 
each span. 

4.2 Wood Member Testing Considerations 

In developing this test equipment, a number of issues specific to testing lumber had to be resolved. One 
major difficulty is developing a means of introducing an end moment into the test specimen without failing 
the member prematurely. In this study, a failure would be considered premature if it is a type of failure that 
would not normally occur in a normal truss. End moments in a truss are applied to the lumber by a 
combination of wood-to-wood contact and the connector plates. A simple system for applying end moments 
would be similar to the post-flexure system that is used for testing structural panel products. While such a 
system would make preparation and installation of the specimen in the testing frame simple, it would not be 
adequate for lumber testing. Much higher bending moments must be transferred to a lumber specimen than a 

Figure 2 - Combined bending and axial loading machine (lateral bracing system removed) 



structural panel specimen. Furthermore, the available bearing width is only 38 mm in dimension lumber 
compared to 1200 mm in a panel product. A lumber specimen tested in a post-flexure system would most 
likely fail prematurely in compression perpendicular-to-grain. 

A large portion of the end bending moment must be applied through the sides of the test specimen and over 

Figure 3 - Main loading cross-head attached to load cell and hydraulic actuator 

as small an area as possible. To achieve this, a steel boot with integrated serrated side plates that were also 
bolted to the test specimen was developed (Figure 6 and Figure 5). 9.5 mm diameter bolts passing through 
the test specimen were positioned in a staggered pattem in order to achieve a uniform clamping force and to 
keep the reduction in cross-section due to bolt holes to a minimum. 



The number of bolts specified per grip was a function of the clamping force necessary to develop about 45 
MPa of tension stress parallel to the grain in a 38 by 89 mm test specimen. It was estimated that this would 
be sufficient to fail at least half of the test specimens in a pure tension test. A higher tension capacity would 
require a longer grip assembly to accommodate the additional bolts. The two disadvantages of this gripping 
system is that the ends of the member (equal to the length of the grips) cannot be tested, and that the system 
reduces the net section of the member which may result in premature failure. The advantages are that the 
system is reusable, and the same system can be used for either tension or compression tests. 

Another important consideration in the design of the combined loading machine is the design of the centre or 
interior support. The curvature over the centre support (Figure 7) is expected to be large due to the large 
negative moments. Failures are expected to initiate either over the centre support or between the centre and 

Figure 4 - Secondary cross-head applying loads at third points 

outer supports. If a stiff bearing plate were used over the middle support, then a stress concentration may 
develop at the edges of the bearing plate. On the other hand, a flexible or short plate may not reduce the 
bearing stresses sufficiently to prevent bearing failures at this support. In a truss, the "interior support" is 
generally one or two web members. The effective length and stiffness of the support in the case of a truss is 
unknown. The details of the centre support will have to be determined by trial and error. A 40 mm long, 6.4 
mm thick bearing plate will be used initially to support the compression edge. If bearing failures are 
observed, then a longer plate with rounded edges will be used. 

The centre support also includes a roller on the top or tension edge to hold down the specimen (Figure 7). 
The purpose of this hold-down is to ensure that the specimen is in contact with the centre support at the start 



of the test. It is expected that many of the test specimens will be twisted and bowed. Without this hold-
down, an axial compression load would force the specimen to deflect away from the centre support at the 
start of the test. While forcing the specimen down onto the centre support prior to the start of the test would 
create torsion and bending stresses in the specimen, these stresses may be estimated from the support load 
cells readings prior to the start of the test. It should also be noted that these stresses would probably be 
present in a real truss. 

Unlike most standard lumber test equipment, the combined loading test will be a statically indeterminate test 
set-up: that is, the load path through the test specimen is dependent on how the test specimen deforms under 
load. Therefore, even under symmetrical loading, the member may not deform symmetrically. As a result, 
the support reaction forces may not be symmetrical. Load cells must, therefore, be installed at two of the 
three vertical supports. In the combined loader, load cells are installed at the pinned end. Figure 6, and at the 
centre support, Figure 7. The reaction force at the third support can then be derived from the difference 
between the applied load and the total force observed at the two monitored support points. 

4.3 Data Acquisition and Machine Control 

Axial deformations will be monitored relative to the test machine bed at three points along the centreline of 
the test specimen: over the interior support; and 500 mm in from both ends. The displacement transducers 
selected for monitoring the axial deformations will provide displacement readings to an accuracy better than 
±0.05 mm. Member rotations at the supports will not be monitored. 

Six displacement transducers will be used to measure the vertical deflection of the test specimen over each 
span. For a 4.9 m long test specimen, this results in a displacement transducer spacing of about 300 mm. 
The transducers will be selected to provide displacement readings to an accuracy better than ±0.1 mm. 
Assuming negligible vertical deflection at the supports, the six displacement readings per span should 
provide sufficient data on the deflected shape so that a 7th order polynomial may be used to model the 
deflected shape within each span. 

As discussed, load cells have been installed at the pinned grip, centre support, lateral loading actuator, and 
axial loading actuator. The estimated accuracy for the load readings are ±5 ON at the pinned grip and centre 
supports, ±100 N at the lateral loading actuator, and ± 5 0 0 N at the axial loading actuator. By using a series of 
cross-heads to distribute the lateral load, the accuracy of the lateral load at each load point will actually be 
about ±30 N rather than ±100 N . 

The actuator stroke readings will not be accurate but will be recorded for information only. Therefore, a total 
of 21 channels of data must be acquired. A microcomputer based data acquisition system will be used to 
monitor the load and displacement transducers in real time. 

The loading procedure, while still under development, is expected to be complicated. This is due to the 
interaction between the lateral loads and the axial loads during the test. For example, when a test specimen 
is deflected vertically by the lateral load, it will shorten. Similarly, when an axial load is applied, the lateral 
deformations will be magnified. Therefore, the load application will have to be applied in increments and 
alternate between the axial and bending loads. The lateral and axial load control systems will each need to 
be controlled with a separate closed loop MTS hydraulic system. At this time, it has been decided that the 
lateral loading system will be under deflection control so that the test specimen can be deflected to an initial 
shape prior to applying an axial load. The axial loading, which will be affected by the lateral loads, will need 



to be under load control, 
increments. 

Further study is required to determine the size of the axial and bending load 

Figure 5 - Combined loader grip assembly at the displaced end with axial force load cell 

4.4 Testing Issues Requiring Further Investigation During Data Analysis 

For practical reasons, a number of loading characteristics that may be imposed by a truss on lumber will not 
be duplicated by this machine. These are summarised here so that they can be taken into consideration 
during the data analysis: 

• Under the assumption of small deflections, shortening of the member due to axial loading should not 
change the position of the lateral loads or the support points relative to the member. This is an 
assumption commonly made during design. However, in this test equipment, the member will move 
relative to the load and support points, especially the end next to the roller supported grip (Figure 5). 
Because only one end of the test specimen will be displaced in the axial direction, the lateral loads over 
the span with the roller grip will move relative to the specimen, while the loads over the span with the 
pinned grip will not. The error associated with assuming no movement of the load and support points 
should be investigated. 

• When testing over two spans, the mid-span hold-down will prevent the first buckling mode. However, the 
lateral loading set-up does not prevent the second buckling mode from occurring. In the second buckling 



mode, the first span would buckle downwards while the second span would buckle upwards. To avoid 
this, a lateral load will have to be applied to force the member into the higher buckling mode; in the 
higher buckling mode, spans will buckle downwards. Application of this lateral load only delays the 
occurrence of the second buckling mode. Given that the main loading head will not be able to completely 
prevent the second buckling mode from occurring, one should be aware that there may be some loading 
and span combinations where the member will fail in the second buckling mode. 

In a pitched chord truss, the axial force is not uniform within a span and is also not equal between the two 
spans. Therefore data from full size truss tests, and data from the combined load tester, may differ 
because of differences in the stressed volume. It is expected that the combined load tester will give 

Figure 6 - Combined loader grip assembly at the pinned end 

slightly lower strength test results. 

All load cells need to be zeroed before the member is installed. Any non-zero load reading prior to the 
application of external load is therefore a measure of the dead weight of the specimen and the force 
required to hold the specimen in the test machine. The significance of these forces on the measured 
strength of the specimen should be assessed, especially when they need to be compared with the results of 
pure bending, tension or compression parallel-to-grain tests. 

For every specimen, about 400 mm (16 inches) at each end of the specimen will fall within the grips and 
will not be tested. Because the untested length is constant, the effect of this should be considered when 
using this equipment for testing short specimens. 



Figure 7 - Interior support load cell and hold-down rollers 

5.0 RECOMMENDATIONS 

The following activities are recommended: 

• Verify the accuracy of the test equipment and data acquisition system. Assess the effects of the test 
equipment issues identified above on the test results, and on the overall truss research program. 

• Prepare operating procedures and document any limitations of the test equipment. 

• Review and revise, if necessary, the lumber testing program proposed by UBC. Carry out the testing 
program. 
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