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How the device evoived and why it can teach us a whole lot about bracing. by Libby Maurer

1 d‘ ome problems are best solved by working backward. The same holds

true for some of the testing projects in SBCRI. This is how one small
device has been developed that will soon yield big results for understanding truss
web and chord member load paths and for bracing optimization.

One of the distinct advantages of the industry’s testing lab is its capacity to conduct
full-scale truss testing. Boiled down, SBCRI's immediate goal for this type of test-
ing is simple. Take a truss assembly that is representative of one in the field, apply
typical loads to it, measure how those loads flow through it, and identify areas that
can be optimized. When those areas are identified, we can analyze:

+ How the load path is functioning.
- The actual resistance taking place due to the applied load.
+ The distribution of load through all the possible load paths.
« The stiffness of the connection systems and how it influences the path loads follow.
- How to develop recommendations on:
a. Changes to the resistance required to manage the applied load.

Figure 1a. “Web brace” 1 is attached to a web b. Influencing the direction of the load path.
with bolts. Two load cells (in blue) measure c. Design resistance specific to the actual load path found.
forces running through the web. d. Providing optimal strength of the load resisting system.

The long-range benefits could be significant to our industry, for instance optimizing
web and chord bracing methods, or optimizing lumber sizes and/or grades. The staff
of SBCRI has taken the first steps toward this testing.
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What We Mean By “In 5itu Testing”

We often refer to full-scale testing as “in situ,” a Latin word meaning in place. In the context of
building, it situ means as in the field. Now that we have the ability to test an assembly in con-
ditions virtually identical to the field, we’re taking the first steps to develop methods that can
be used to accurately model and evaluate full-scale assembly performance. The International
Building Code (IBC) uses this concept as the ultimate assurance that field performance exists
to carry the expected loading conditions.

SECTION 1714 - IN-SITU LOAD TESTS - 1714.1 General. Whenever there is a reason-
able doubt as to the stability or load-bearing capacity of a completed building, structure or
portion thereof for the expected loads, an engineering assessment shall be required. The
engineering assessment shall involve either a structural analysis or an in-situ load test, or
both. The structural analysis shall be based on actual material properties and other as-built
conditions that affect stability or load-bearing capacity, and shall be conducted in accor-
dance with the applicable design standard. If the structural assessment determines that the
load-bearing capacity is less than that required by the code, load tests shall be conducted in
accordance with Section 1714.2. If the building, structure or portion thereof is found to have
inadequate stability or load-bearing capacity for the expected loads, modifications to ensure

structural adequacy or the removal of the inadequate construction shall be required.

As they began to understand
how to carry out accurate
testing on full assemblies,
however, the SBCRI team
encountered situations that
required working backward to
deliver a solution for tracking
loads flowing through webs
or braces. Over the last year,
SBCRI staff developed, tested,
redeveloped and retested an = & .
exciting new testing device
that will help us truly under-
stand load paths internal to
truss webs and chords, studs
in walls, lateral restraint and diagonal bracing, and general load path performance
of any components installed exactly as they would be in the field.

Meet Prototype WB1

With the goal of measuring and analyzing the forces going through a truss when
load is applied, the SBCRI team determined it would design a device that could be
attached to a web. The initial considerations included using electronic strain or clip
gauges to be attached the wood members or steel plates. They measure very small
displacements that can be translated mathematically into member forces. After a
few trials, this approach seemed more complicated and provided much more detail
than was desired.

TN /Ry -

Figure 1b. View of WB1 looking down into the truss assembly.

The SBCRI staff began by developing a prototype called WB1 (“web brace"”), which
was designed to use load cells they already had in-house. It was made from two
triangular pieces of angle iron ¥2" thick with a slot in its center for a stick of lumber.
The “web,” a 6' 2x4, was bolted to the device for stability. Shown in Figures 1a and
1b, two load cells were sandwiched in between the plates of WB1, one on each side
of the board. Once in place, they cut the member (forming two separate pieces).
This was necessary so that the forces would not flow through the member but force

the load into the load cells. Continued on page 16
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Wall Panel
Opportunities
Come In Many
Sizes.

Whatever your opportunity, we can
custom-build the equipment that will
help you meet it. Whether it's a 16’
sheathing station or a 70’ squaring table
like the one we recently shipped to a
Canadian plant. Custom equipment to fit
your circumstance provides manufactur-
ing efficiencies to make your products
competitive. In tight markets where you
need to look at everything, the answers
will be in the small details that add up to
controlling your costs.

These machines were custom built to fit
each customer’s needs in their plants:

+ Wall Framers

- Telescoping arms for
variable wall height

- No “step over”
mechanisms to trip
workers

- Pop up skate conveyors

for easy wall transfer

+ Combination Table -
frame, square &
sheath in one table
- Telescoping arms for
variable wall height
- 2x4 or 2x6 wall capability
- Manual or optional pow-
ered tool bridge drive

+ Single or Dual Tool Beam

Sheathing Bridges

- 2x4 or 2x6 capability

- Staple or nail options,
optional edge stitcher

- Manual or optional

powered tool bridge drive

+ Custom built 95 feet of expanded wall panel capability with Dual
Tool Beam and Dual Top & Bottom Nailers (builds up to 76’ wall)

-
an P EWE R B E comoeny
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PANELS PLUS

Wall Framing Made Simple

For Information
866.726.7587 or www.panplus.com

For reader service, go to www.sbcmag.info/panelsplus.htm
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Figure 4.- Adding two load cells to WB2 allowed forces to
be measured on the top and bottom axes.

Figure 5. Close-up of the top plate of WB2.
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SBCRI’s Web Force Verification Device
Continued from page 15

Once rigged up, the crew triggered a series of loading conditions and
ran several tests on WB1. It quickly became clear that fastening only one
axis of the web to WB1 caused bending to occur in an unwanted manner.
Several additional tests made it clear that WB1 had to be adjusted to accu-
rately measure the applied load.

WwB2

The improvements to the second prototype, called WB2, had several goals.
One was to decrease the bending about the weak axis, so WB2 became a
multi-axis fixture.

The new design also allowed for two additional load cells (for a total of four)
(see Figures 2-b. An axial force measuring model provided by ITW Building
Components Group was used to help in the new design. Four cells meant
forces could be tracked on both axes to give the team more data points
to record forces traveling through the wood. Like WB1, bolts were used to
secure the top and bottom plates to the board (see Figure 6 at right).

With WB2 attached to a web, it was secured to SBCRI's single element sta-
tion or SES. This is SBCRI's version of a Tinius Olsen tension/compression
testing machine meant to test webs, small joints or other single element
components on a small scale. SES is capable of producing a constant rate of
applied load and complies with the testing requirements and capabilities as
defined in the Standard Practices for Force Verification of Testing Machines,
ASTM E4. To recreate a true-to-life loading scenario, pure axial, uniform
bending moment, combined bending moment and axial loading were
simultaneously applied to the web through
load cells attached at various points on the
frame. The goal was to apply a given load
and see if that same load would register
in the load cells (meaning that was the
amount of load running through the lumber
member).

They tested WB2 within the SES (see
Figure 7). This was critical because it
allowed the team to understand the load
path on the most fundamental level. “We
really, really concentrated on knowing all
the loads in and all the loads out of the
piece tested. By developing this type of
simplified set-up, we got a much better
feel for the performance of the device,”
Director of Testing Keith Hershey said.
Within the first few tests it was clear
that they were getting accurate axial
loads through the fixture. However, they
also started seeing an unexpected result.
“We were only looking at the axial force
in the member, but we also started see-
ing bending moment induced loads. This
was a huge finding as it would allow us
to understand web buckling and bracing Figure 7. WB2 is tested in the SES.
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Figure 6: SBCRI's Single Element Hydraulic Station

requirements from loading conditions that induced buckling,”
he explained. (See Figure 8 at right.) Continued on page 18 Figure 8. Close-up of WB2 being tested in the SES.

Whether you are working with wood or cold-formed
steel, everything about the new TBD truss brace
is designed to make diagonal truss bracing easier.
It travels in a box like a coiled strap and is formed
into shape as it is pulled from the carton, making
it rigid and easy to position across trusses. Once
fastened into place, the braces lay flat so that they
remain in place as the roof is sheathed, eliminating
: the need to remove the 2x4 or hat-channel braces.
!: And since the braces stay in place,
e == T trusses maint‘gin better alignment
and are safer for crews to work on top
of. Not to mention that the TBD meets
or exceeds the prescriptive bracing
recommendati‘pns of BGSI. When you
are looking for tools that help you do
the job faster, while still doing it right,
look to Simpson Strong-Tie.
- M For more information call
: % (800) 999-5099 or visit us
\ '# at www.strongtie.com.

For reader service, go to www.sbecmag.info/simpson.htm
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Serving the Truss
Industry Since 1987

For over 20 years, Lakeside Trailer has led
the way in the component trailer industry
with innovative ideas to assure your delivery
operations remain efficient in today's
competitive market. With more than 1700
truss trailers to our credit, Lakeside has
perfected ways to reduce or eliminate
your transportation concerns.

LAKESIDE

TRAILER MANUFALTURING, INC.

573/736-2966 * 573/736-5515 fax
www.rollerbed.com ¢ lee@rollerbed.com

For reader service, go to www.shcmag.info/lakeside.htm.

New OMGA Manual
Finger Jointing Line
$65,500

Includes:

* Shaper, Hydraulic Press & Glue System
* Tooling & Testing Equipment

* 10" capacity

* Produce 450 studs per shift

* |nstallation & Training in the U.S.

* ROI'is approximately 7 months

* 14' & 20' Systems are available

\@ASSERMAN & ASSOCIATES, INC.
Y./ /// /S

Buy/Sell Used Equipment

Looking to sell excess equipment?
Wanting to buy used equipment?
Contact us for more information.

Call Toll Free 800/382-0329, fax to
402/438-2524 or visit our website at
WwWw.wasserman-associates.com.

Thank you to the BCMC
Attendees—your support was
greatly appreciated!

For reader service, go to www.shcmag.info/wasserman.htm.
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SBCRUI’s Web Force Verification Device

Continued from page 17

This discovery caused the team to change the testing plan to not just include axial
force measurement, but to also measure forced bending moments through both
offset/eccentric loads and the addition of a two-point bending moment loading
apparatus. Initial testing was performed using a 6’ SPF 2x4 as the specimen. Each
specimen went through the same series of ten steps to maintain a consistent testing
approach, and to benchmark the test data instantly. While it was an improvement,
WB2 was still picking up too much load on the strong axis of the fixture, so the

team decided to revise it again.

WB3 Gets Tested in a

Full Scale Assembly

The changes to the third iteration
of the WB device were made so
that it had as little impact on how
the web would perform as pos-
sible. For instance, the team found
that WB2 added quite a bit of stiff-
ness to the board, causing inac-
curate moment calculations and
increasing the board’s bending
capacity inappropriately. In WB3,
changes were made to improve
the load transfer to the load cells
through the web so that the axial
loads could be measured accu-
rately with minimum impact from
the fixture. Additionally, bolting
the fixture to the web was elimi- :
nated. Instead, WB3 was clamped k '
to the board (see Figure 9).

The team used the same testing
matrix as they used for WB2 so
that results could be compared
easily. It was clear from the first
specimen tested in the SES (see
Figure 10) that WB3 solved the
majority of the problems identi-
fied in WB1 and WB2. Axial load
measurements internal to the 2x4
member were still very accurate,
while the bending moment was
predictable.

With the data from the single ele-
ment station suggesting WB3 was
working well and actually better
than predicted, it was time to
move forward and use the device
to measure the forces in a real
truss web member, as shown in
Figures 11 and 12 on facing page.

Structural Building Components Magazine

Figure 10. WB3 during a test in the SES.

=l
Figure 9. Changes made to WB3 were intended to stabilize

the web and improve load transfer.

www.shcmag.info



Why is Accuracy in Measuring
Loads 5o Important?

Accurate measurement of forces within the members of a truss, wall panel or brac-
ing system is important to the evaluation of the load path in the element, as well as
through an entire assembly. Armed with this knowledge it is much easier to create
mathematical models that predict load movement and then define accurate resistance
for the load path.

Wood members present an increased degree of difficulty in capturing these loads due to
their variable fibrous composition and orthotropic properties. The testing method SBCRI
created with the WB devices
provides the ability to accurately
measure the real forces within a
single member. This will give
us much greater knowledge that
will lead to much more accurate
engineering modeling through
calibration.

Figures 11 & 12. WB3 is used to test
the forces through a web in a full-scale
assembly.

Continued on page 20

that offers so many choices for the panel and truss industry.
Increase productivity with our three brands of tools and
fasteners: Paslode, Toolmatic and Duo-fast. We provide the total
systems for both hand-held and automated applications. Qur
experience and innovation will let youincrease speed and profit.

Only ITW Panel Fastening Systems offers youso

Call Pat Ryan @ 888-726-3577 or
Email PRyan@itwhcg.com
for a free plant productivity assessment.

PFS

PANEL FASTENING SYSTEMS |-
' N O ‘TWC;{JMPANY ;
gz "
309 Rand Road, Suite 356 —Arlington Heights, IL 60004 ..«

-

ww.itwpfs.com :
"For feader serviee; go'to wwwsbemag.info/itw.htm
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Roll Off Wall Panels &
Trusses Damage Free!

Over 20 trailers in stock 2000 model
year & newer starting at $7,999.

[00 South Serwice Road = P0.Box 89
St. Marys. Ontario NYX (A9

(519] 3Yug=2202 or
1=800<=6I5=5I22

For reader service, go to www.shcmag.info/anuprospect.htm

Wood Truss
y Systems

MANUFACTURERS' REPRESENTATIVES

Truss and wood component machinery
experts for over 30 years. We can help you
enter the component industry or refine
your existing facillity with custom
equipment solutions featuring:

New & Used

. Truss Production Equipment

. Wall Panel Framing Equipment

-~ A ic & M. | Cutting Equip t
Component, Radial Arm, Linear Single
Blade Saws

. Plant Layouts / Production Consultants

ted Jigging Syst:

. Automated Mesuring Devices

. Replacement Production Surfaces

.

Count on effective, economical
and timely solutions.

www.WoodTrussSystems.com

888.288.WTSI (9874) Wil:ll

For reader service, go to www.shcmag.info/wts.htm.
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YOUR CUSTOM @

M WEBSITE

Our Getting Started Package Includes:
5 Pages - 5 Email Addresses

Plus, we'll create 3 custom designs for you to choose
from, including custom colors, menus and graphics!

ON LY ‘ Get Started Today!
5935 %QUALTIM

www.qualtim.com
For reader service, go to www.sbcmag.info/qualtim.htm

608-239-2608

SBCRI’s Web Force Verification Device
Continued from page 19

Following tests done in the full truss assembly, the
team compared the new data to a truss design draw-
ing (with predicted forces). They found the following =
—a
results as shown in Table 1. S, - S
was — e
= . -
-
-

WB4 is the team's fourth and (hopefully) final proto- —

type. They hope to reduce the weight of the device

by one-third by using lighter housing material for

holding the load cells like aluminum. They also plan

to serrate the inside of the plates to provide more

resistance when holding the board in place using a

lower clamping force. With these minor changes and

the data above, it is clear that SBCRI's WB device  Figure 13. CAD drawing of the
will add to our knowledge of load paths through WB3 prototype.

trusses, walls and entire structures. SBC
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Web Force Verification

SBC INSTITUTE SBCRI-09-0114 W1T1F
9/30/2009 3:40:57 PM
Load Point 2 Load Point 3
601 Ibs 583 Ibs
Load Point 1 Load Point 4
574 Ibs 576 lbs
Web Force ‘ /
491 Ibs
-2
o
- -
Deflection
Left Reaction . Right Reaction
0.0761in 261 Ibs
253 Ibs

LoadIn= 2334 Ibs

Load Out= 2294 Ibs

Load In-Load Out= 40 Ibs

LoadIn [Tested Web Force |TDD Web Force| % Difference | Left Reaction | Right Reaction | Load Point 1 Load Point 2 Load Point 3 Load Point 4 Deflection

752 223 187 15.97 % 79 81 189 196 184 176 -0.018
1124 285 262 8.19 % 119 122 280 289 280 268 -0.033
1500 351 338 3.64 % 161 165 373 387 374 366 -0.046
2252 478 490 -2.57 % 244 250 555 578 564 551 -0.073

Table 1. Sample data from a test using WB3 show the difference in forces predicted in a truss design drawing and actual forces measured in the web.

The ability to produce this type of data will be critical in evaluating industry bracing recommendations.

Dptimizing Bracing

Compared to fifty years ago, today we know infinitely more about
truss bracing. The vast majority of our knowledge comes from brac-
ing tests conducted on a single truss. This data was used to make
a series of assumptions, based on engineering principles, about
how that one truss was expected to perform inside a system on
the jobsite. At the time, we didn’t have the means to test the actual
load paths through trusses as they would be installed in a building
environment. The assumptions made were the best we could do with
the technology at our disposal.

With the tools available in SBCRI, built environment testing is easy!
Our goal, given SBCRI capabilities, is to understand as completely
as possible the load paths and the loads that cause chord and web
buckling.

How will the WB device help us evaluate bracing recommendations?
First, the team must complete a set of exhaustive full-scale WB tests
to ensure the results are accurate (and that the device is not add-
ing undo stress to webs). These test results will be combined and
analyzed. Then an exact replica of the truss system will be drawn in
CAD and imported into special 3D modeling software. Next, the data
from the WB tests will be applied to the replica within the modeling

program. The model will indicate weakness in the web members
according to the WB test findings. The software can even predict how
a truss collapse will occur given these areas of weakness! Finally,
“pracing” will be added to the weak members until the system
model performs without buckling.

We firmly believe that the built environment is reacting differently
than our current theory suggests—oprimarily because current theory
is limited to single element thinking.

We now believe that the majority of temporary bracing can be done
in the web and bottom chord plane. This would make the bracing
Process:

1. Safer, due to working inside the truss.
2. More efficient to install (because it is safer).

3. More efficient overall because temporary bracing will also
become the permanent bracing of the structure.

4. Allow for fall protection.

If you have questions about the capabilities of SBCRI, please email
editor@sbcmag.info.
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