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Frank Burdette
Tillerman, LLC

RE: Salvaged Bowstring Truss Analysis
Walter P Moore Project No. S06.24056.00

Dear Frank:

We have completed the Salvaged Bowstring Truss Analysis in accordance with Walter P Moore
Proposal No. 24-2702-01, dated August 23, 2024. This project included a preliminary structural
analysis of bowstring trusses salvaged from a building during demolition in order to provide
conceptual information for future design conditions. Alltruss dimensions were provided by the client
and assumed to be representative of the trusses under review. Since there isn’t much information
available either from the original use of the trusses or for the future use of the trusses, several
preliminary assumptions needed to be made and are detailed in the following report. It is important
to consider these assumptions while reading the conclusions and recommendations herein.

Our team reviewed all dimensional information provided and build the section profile in structural
analysis software and analyzed the trusses in two simply supported conditions including the full 100’
length and the half 50’ length. Based on the aforementioned assumptions, our team determined that
the trusses may be reused in their original 100’ span condition at an approximate spacing of 8 feet or
less with minimal retrofitting. However, due to the curved top chord truss geometry, the truss
performs poorly in shorter spans and may not be reused in the 50’ span without retrofit. Further
details on both of these analysis scenarios are detailed in the following report.

Before these trusses are considered for reuse in specific design situations, we recommend further
testing and investigation of the trusses be performed to eliminate some of the assumptions made in
this preliminary analysis. Recommendations for next steps and future study are also detailed herein.

We appreciate the opportunity to preliminarily evaluate these trusses and hope that this report may

provide some guidance on future use cases of these trusses.

Sincerely,
WALTER P. MOORE AND ASSOCIATES, INC.

Kelly L. Roberts, P.E., S.E., LEED AP BD+C / Principal
Managing Director - Atlanta
Walter P Moore

cc: Julia Bush, Ben Cheplak, Doug Robinson

404.898.9620 main

1201 Peachtree Street NE 400 Colony Square, Suite 1600 - Atlanta, Georgia 30361
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Executive Summary

Walter P Moore has provided preliminary structural analysis of bowstring trusses salvaged from a
building during demolition in order to provide conceptual information for future design conditions.
This review was based on truss dimensions and truss condition photos provided by the client. Our
team analyzed the trusses in two simply supported conditions including the full 100’ length and the
half 50’ length. Based on the list of critical assumptions below, the trusses may be reused in the
original 100’ span condition at a spacing of 8 feet or less with minimal retrofitting. A photo of the
trusses in their original state is shown in Figure 1Figure 1.
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Figure 1: 100’ span bowstring trusses to be analyzed for reuse

However, due to the curved top chord truss geometry, the truss performs poorly in shorter spans and
may not be reused in the 50ft span without a moderate amount of retrofitting.

Critical Assumptions
Due to the preliminary nature of this study made in the absence of site-specific, design-specific use
cases, several assumptions for future use cases had to be made to reach numerical conclusions.

The critical assumptions made for the future in the analysis are as follows:

o All steel material meets ASTM A36 requirements

e Fully enclosed building (as opposed to partially enclosed or open)

e Building location in the noncoastal southeastern United States with moderate seismic

e Wind Exposure Category B (urban, suburban, and wooded sites)

e Roof height of approximately 30’ with no substantial parapet

e Risk Category Il (no substantial risk to human life in the event of a failure)

e Secondary steel roof beams spaced at every 5’ truss panel point along top chord

e Truss supported at every 25’ with cross bracing attaching to the full truss depth

e Roof assembly weight of 15 PSF

e Alldead loading is balanced across the length of the truss (unbalanced dead loads can
significantly change the behavior of the truss)

e Trusses are gravity-load only frames and rely on another structural lateral system for all
lateral resistance (e.g. brace frame, moment frame, walls, etc.)

e Failureis occurring in the truss steel members, not the connections or mending plate
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Analysis

We performed a review of the potential capacity of the salvaged bowstring trusses in a new
construction use case. ASCE's standard, Minimum Design Loads and Associated Criteria for
Buildings and Other Structures, ASCE/SEI 7-16, was used to classify our assumed new structure.

The structural capacity of the trusses was evaluated using an analysis model in the SAP2000 CSI
software. Wind, superimposed dead, and roof live area loads were assumed and calculated. These
area loads were converted to a line load along the top chord of the truss, assuming a one-foot
tributary width of the roof is supported by the truss. See an example calculation below. Figure 2
shows a line load applied along the top chord of the truss in the analytical model.

10 PSF * 1FT Strip = 10 PLF across top truss chord
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Figure 2: Typical line loading application in SAP analysis model

Applicable ASCE 7-16 LRFD (Load Resistance Factor Design) loading combinations were considered.
Each one-foot width line load was scaled up in these combinations to consider 2- through 11-foot
truss spacings in one-foot intervals. All combinations were all analyzed in the model to see which
spacing is the highest without exceeding the demand-capacity ratio of the truss member.

Loading

Per ASCE 7-16, unbalanced and uplift wind loads were considered. For unbalanced wind loads, two
cases were considered, representing positive and negative internal pressures. The case considering
negative internal pressure resulted in uplift pressure loads that ranged from 11 to 18 psf. The case
considering positive internal pressure resulted in uplift pressure loads that ranged from 5to 12 psf.
An example of unbalanced wind loading application onto the top truss chord is shown in Figure 3
below.
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Figure 3: Unbalanced wind uplift load application

A constant uplift wind pressure was also applied in a separate load case. The load was calculated to
be 18 psf normal to the ridge. That load application onto the top chord is shown below in Figure 4.
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Figure 4: Constant wind uplift load application
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In ASCE 7-16, roof live loads for ordinary curved roofs are taken to be 20 psf. However, this value is
reducible for members supporting large tributary areas. The 100-foot-long trusses fall into this
category, and thus a reduced live load of 14 psf was used in our analysis model. This reduction is

assuming that the trusses are spaced at least 5 feet apart on center.

As previously mentioned, the superimposed dead load from the roof assembly was assumed to be 15
psf. However, this loading was lowered to 5 PSF for all wind uplift combinations. This was a
conservative assumption to minimize the downward loading and maximize the upward bending
effects in these conditions.

50’ Half Span Analysis

The same area loadings were applied to a separate model representing one-half of the truss span
length. The 7-foot-long vertical angle now at the end of the 50’ span is assumed to be supported at
the top of the angle. This model setup is shown below in Figure 5. Figure 6 shows how the unbalanced
wind loading distribution changed for the new span length. The pressure ranges did not change.
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Figure 5: Half-span structural analysis model
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Figure 6: Unbalanced wind uplift load application on half-span model
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Findings
Full 100’ Length Use Case

Based on our analysis, we have determined that the trusses could be repurposed using their original
full length at a spacing of approximately 8’ on center. This is under all assumptions listed above and

should only be used for preliminary planning. Any changes in the decided roof assembly could easily
change the maximum spacing depending on its weight.

The spacing is limited by high compression forces in the top chord of the truss under gravity loading.
The top chord acts as a compression arch, and the bottom chord acts as a tension tie, with little
contribution from the diagonal and vertical angle members. This load path behavior is shown in Figure
7 below. Note that red represents compression loading, and blue represents tension loading.

Figure 7: Axial force in the 100’ span configuration

There are various retrofit options that could be investigated further to increase the maximum spacing
of approximately 8’. One would be to insert a steel plate in the triangular region that experiences
“panel zone shear” near the two end supports. This zone is highlighted below in Figure 8.
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Figure 8: Panel zone shear region near end supports, highlighted in pink

Another option to retrofit the truss in its 100’ full span configuration is to add reinforcing plates to the
top and bottom chord members. These plates could be welded to the flanges of each chord. A
structural analysis would have to be performed using the actual loading cases to determine the size
and extents of plates and welds for each retrofit option.

Half 50’ Length Use Case

Based on our analysis, we have determined that the trusses would most likely need to be reinforced
or reconfigured in some way to work in the 50’ half-span configuration at any reasonable truss
spacing. The loading pattern resulting from the half-length geometry causes the diagonal angle
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members to take more load axially. Figure 9 shows the axial load under self-weight in the 50’ long
configuration.

Figure 9: Axial force in the 50’ half-span configuration

As shown in Figure 8, in the original configuration, the vertical and diagonal angle members are not
taking much force but acting mostly as bracing for the top and bottom chords. Instead, compression
in the top truss chord is resolved by the nearly equal tension in the bottom truss chord. However, this
behavior changes in the half-span configuration, as seenin Figure 9. To resolve forces at the right
end, the diagonal angles experience significantly higher forces than they did in their original use case.
Because of the small cross-sectional area of the diagonal angles, these members can easily buckle
under the compression loading.

One option for strengthening the trusses in the 50’ half-span configuration is to reinforce the vertical
and diagonal members that are at a high risk of failure. This could be achieved by welding similarly
sized angles to the exposed face of existing members, creating stronger double angles. The red
members in Figure 10 show the diagonal members at risk of buckling, and the red members in Figure
11 show the vertical angles at risk of buckling.

Figure 10: Demand-capacity ratios of diagonal angles

Figure 11: Demand-capacity ratios of vertical angles

Another option for strengthening the half-span truss is to add a cable from the end connection to the
top of the arch. Analysis would need to be done to determine the most optimal geometry and sizing
for this cable.

If using the half-span configuration, the 5’ spaced steel roof beams at the top chord and the cross-

bracing along the truss depth would be required to prevent twisting of the truss. This twisting would
result from the larger loads in the angles being applied eccentrically to the top and bottom chords.

Figure 12 shows how the diagonal angle members frame in on opposite sides of the WT chord.
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Figure 12: Connection of diagonal angles to WT chord member

Next Steps
The following next steps should be taken prior to further evaluation for site-specific and design-
specific applications and before trusses are used in any final reuse configuration.

e Material: Perform material coupon testing to ensure material strength is as assumed as A36

o

o

Material coupon testing is essentially when a small piece of material that is
representative of a larger piece is tested to determine material properties. This
testing can typically be done by a third-party testing agent such as Terracon or could
be performed in concert with a university with a materials testing laboratory

Check any existing coatings are in sound condition and do not contain any
contaminant materials

e Dimensions: Record all cross-sectional dimensions and ensure tolerances are met per ASTM

A6
o

This may be done by a third-party testing agency to ensure dimensional accuracy

e Welds & Connections: Record all estimated weld sizes and lengths. Existing weld metal
needs to be tested for imperfections and compliance to Structural Welding Code - Steel,
AWS D1.1/D1.1M.

o

This could also be done by a third-party testing agent to ensure weld quality and
consistency of weld across members

If welds are required for modification or repair, chemical composition of steel will
need to be determined through testing

e Damage: Visually inspect trusses for signs of damage

o

o
O
(©]

Check for any damage to top flange from previous use

Look for buckled or damaged truss members

Check for any signs of plasticity

Check for any excessive rust and ensure no members have any significant section
loss (>5%) from corrosion



