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Section I: Executive Summary

This report presents the final design recommendations we developed for the Five Flags
Civic Center Cool and Green Roof project. It contains descriptions of the project’s scope of
work, material choices, construction cost estimates, and loading analyses. The recommended
design pertains only to the roof structure but includes features intended to optimize the space and
affect the energy output of the building.

The design team is composed of four senior students from the University of lowa’s
Department of Civil Engineering, all of whom have experience in structural engineering and
were eager to pair structural design with modern sustainability solutions. The contract for this
project began with the proposal submittal on February 2" and has extended to the current
submittal of a final design and accompanied documentation on May 3™,

Within this period, we researched the most suitable sustainable roofing material types to
fit the needs of the Five Flags Civic Center, focusing on energy efficiency, maintenance costs,
ease of application, and aesthetics. The recommended final design balances the associated capital
cost of the project with the return on investment from its generated energy savings and the
expected longevity of the new roofing. Additionally, we have used computer software and hand
calculations to ensure that the components of the recommended design can be supported by the
roof structure itself. Partial areas of the roof will require additional reinforcements or
replacements due to the recommended renovations. These reinforcements and their
accompanying calculations are detailed in this report as well.

The designs described in this report integrate three components of sustainability into the
roof structure: green roof, cool roof, and solar panels. The constraints and challenges of
integrating a green roof system into a structural design include those of maintenance, extra roof
weight from captured water, and remaining within the project budget. Although features like a
green and cool roof add extra cost to the project, over time they can reduce energy costs and can
serve as a model for the community.

The Five Flags Civic Center has three, well-differentiated sections of roof area. Roof
Area 1 is the highest in elevation and is above the historic theater. Roof Area 2 is the largest in
area and is above the arena. This area uses a steel truss system to support the current weight of
the roof. Roof Area 3 is the lowest in elevation and second largest in area, it uses concrete planks
to support the ticketing and office area of the building. In the concept development phase of the
project, we presented three alternative designs. To present a wide range of options for the client
to consider, these three alternatives used combinations of green roofs, cool roofs, solar paneling,
and improvements to allow for roof accessibility for the public.

The first alternative uses cool roof coverage on roof area one only and green roof in all
other areas. The second roof design alternative uses green roof over the largest roof area (two)
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but also incorporates cool roof over roof area three with solar panels on top of the cool roof
material. The third design alternative allows patrons of the Civic Center access to the roof via a
newly installed elevator and stairwell. The roof would utilize all three components of
sustainability, green roof gardens, cool roof materials, and solar panels. The roof could have a
bar/bistro and tables for patrons to sit, chat, and admire the space. This alternative generates the
highest cost of the three and would need to be built to meet ADA and applicable roof safety
standards.

Building upon the concept design alternatives phase of the project and with feedback
from project stakeholders, we developed two different final designs. The first uses only cool roof
materials and includes a replacement of roof insulation. The replacement of the insulation on all
roof areas to polyurethane rigid foam board would increase the R-value from its existing 13 to
30.5. This design has less cost associated with it as it would not require reinforcements to the
truss system below the arena roof. It would, however, have a longer payback period of 43 years.
The second design integrates a green roof and solar panels in addition to the cool roof plans of
the first design. The roof insulation would be replaced on the entirety of the roof, cool roof
would be applied everywhere except where the green roof is, and the green roof would cover a
portion of the roof above the arena (area two). The solar panels would be placed on the roof of
the offices/ticketing area (area three), on top of the newly applied cool roof. The placements of
each eco-friendly component were governed by the current and unchanging locations of
mechanical equipment, and the economy of minimizing required reinforcements due to the
additional weight each component carries. This second design, which uses areas of cool roof,
green roof, and solar panels, would have a payback period of 46 years. This is slightly higher
than the cool roof payback period due to the costs associated with reinforcing the green roof
areas.

The recommended cool roof material is a rigid foam polyurethane sheeted with PVC
single-ply membrane. This material was chosen for its high insulation rating and relatively long-
life expectancy of 30 years. In the recommended design configuration, the green roof would be
built up along the eastern edge of the arena roof and extend down the center of the roof (see
Figure 8 in report for aerial image). Compatible with renovation work on an existing building
and to minimize reinforcements, the design utilizes an extensive green roof, meaning the soil
medium will be 6-inches deep or less.

To implement this design, the existing steel trusses of the arena roof will need to be
strengthened to support the additional weight of the green roof. The reinforcement is provided by
welding additional steel sections onto the existing truss to increase the area of the governing
strength members. Where the green roof spans the entire length of the roof, the entire truss must
be replaced to add the capacity needed to support the green roof. No reinforcement is needed to
support the cool roof or solar panels, as these are light-weight features.

The total construction cost of the cool roof design is estimated to be $1,035,710. This
includes the cost to remove the existing roof, replace insulation, and cover all areas of the roof
with the cool roof PVC single-ply membrane material. It is estimated that with the replacement
of insulation and the addition of the cool roof material, annual building energy savings will be
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$19,586. The construction cost of the cool roof, green roof, and solar panel design is $1,694,541.
This accounts for the cost of materials and installation of the new insulation, roofing, solar
panels, and all existing member reinforcements and replacements. The estimated annual savings
associated with this design is $38,628.

Section II: Organization Qualifications and Experience

1. Organization and Design Team Description

The design team consists of four engineering students with structural design experience.
These members and their project roles are listed below:

Rose Schweitzer, Project Manager

Leo Islas, Structural Lead

Sara Bayas, Tech Support and Designer

Giulio Diaz-Elizalde, Tech Support and Designer

The engineers on the project team are in their final semester of the Civil Engineering
program at the University of lowa. Leo, Giulio, and Sara specialize in Structures, Mechanics,
and Materials. Rose has a tailored focus area of study but has elected to take primarily
structural and water-related coursework. This project is their senior capstone design project.
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Section III: Design Services
1. Project Scope

The project team was tasked with developing a roof design for the Five Flags Civic
Center in Dubuque, Iowa. In the concept development phase of the project, three alternative
designs were created. With feedback from the project stakeholders, two final designs were
developed with supporting structural analyses, material research, and cost estimates. To meet
the client’s goals of utilizing sustainable roofing options to provide energy savings for the
building and have an aesthetic aerial view of the roof, the alternatives designed by our team
incorporates three different components of sustainability: green roof, cool roof, and solar
panels. Renovations to the roof will take place as a part of a larger renovation project of the
entire building. The team performed an evaluation of the roof structure and generated a
recommended design. Cost estimations and payback periods were also included in the final
analysis of the roofing options.

2. Work Plan

The Cool/Green Roof Project contract period began on February 5%, 2024, when the
proposal was submitted, and ended May 31 2024, when the construction documents were
submitted. Within this period, all design tasks will be completed by the project team to meet
the client’s goals. The Gantt chart in Figure 1 provides the chronological series in which each
deliverable was completed. The estimated duration of each task and its completion date are
outlined. The project can be divided into four main task items, these task items are listed
below:

[. Data Collection
e A meeting with the client, a site visit, reviewal of the building blueprints, and roofing
material research
II. Design Concept Development
e Roof layout, energy efficient recommendations, and loading configurations
III. Structural Design Specific and Detailing
e Loading analysis of the arena truss system and concrete planks
IV. Final Documentation and Reporting
e (Generating cross-sections, cost estimates, and documenting structural analysis results
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Cool/Green Roof Project
Schedule Week 1)2|3|a|s|6|7|8|9|w0|u|12|13]1a]15]18
) clclelo (B2 8|5 g m|E|s | alala
Element Duration i B A R E N N - e A
(Days) SR8 || 3|28~ |2 |Q|Q|~|= S|~ |A
Data Collection
Team - Client Introduction Call 1 =
Site Visit »
Reviewal of Building Blueprints 5 =
Roofing Material Research 10 3
Design Concept Development
Roof Layout Brainstorming 3.00 ¥ | x
Energy Efficiency Research 7.00 X | x| %
Loading of Recommended Material 7.00 x| x| x| x
Structural Design Specifics and Detailing
Loading Analysis of Arena Truss 20.00 X[ x| x| x| x
Loading Analysis of Concrete Planks 5.00 X on | ox
Reinforcement Design for Arena Truss 5.00 X | X
Areas 5.00 XX
Final Documentation and Reporting
Generating Cross-Section Drawing Sets 5.00 | X
Cost Estimations 15.00 X | K| X
Documenting Structural Analysis Results 7.00 x| X
Presenting Final Results and
Recommendations 3.00 ok

Figure 1. Project Design Phase

Section IV: Constraints, Challenges, and Impacts

1. Constraints

Designing a cool and green roof for the Five Flags Civic Center in Dubuque, lowa,
presented several constraints that required careful considerations. For instance, ensuring
compliance with local building codes and environmental regulations was crucial for
achieving a successful design. These regulations encompassed factors such as safety
requirements, and stormwater management standards. Moreover, the presence of mechanical
equipment within the existing structure limited the available space for incorporating new
elements into the design, as per the client’s request. Given the condition of the building and
the client’s objective to minimize project expenses, we opted for an extensive green roof
design due to its minimal maintenance requirements and light weight when compared to
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different types of green roofs. However, this choice also entailed constraints in the variety of
vegetation and additional features that could have been incorporated.

2. Challenges

Balancing the high cost of sustainable features with budget constraints was a significant
challenge. Due to Dubuque’s varying annual climate conditions, selecting suitable plant
species that could survive in this climate and sunlight exposure to ensure long-term
vegetation health while requiring a minimal amount of water and maintenance were very
important considerations for the design. The roof design also needed to achieve an aesthetic
goal that would align with the stakeholders' needs and preferences, aiming to provide a
pleasant view for tourists visiting the city and emphasize Dubuque's commitment to
sustainability by reducing greenhouse gas emissions and increase renewable energy usage.
These challenges required thorough planning and strategic solutions to ensure a successful
outcome.

3. Societal Impact within the Community and/or State of lowa

Cool roofs reflect a higher portion of incoming sunlight compared to traditional darker
roofs, resulting in reduced heating and cooling cost for buildings. They also play a significant
role in mitigating the urban heat island effect in cities. The installation of green roofs actively
removes heat from the air and reduces temperatures of both the roof surface and surrounding
environment, which can extend roof service life. According to an article published by the
EPA (United States Environmental Protection Agency), green roof temperatures can be 30-40
°F lower than those of conventional roofs and can reduce energy use by 0.7% compared to
conventional darker roofs, reducing peak electricity demand, and leading to an annual
savings of $0.23 per square foot of the roof’s surface. By reducing the overall energy load,
green roofs contribute to a decrease in associated air pollution and greenhouse gas emissions
stemming from conventional power sources. Furthermore, green roofs also offer aesthetic
benefits and serve as habitats for various plants and animal species. Although the initial cost
may be higher, the long-term economic benefits accrued by both the community and the
Civic Center are substantial. Ultimately, with this project demonstrating leadership in a more
sustainable design, it can inspire others in the community and throughout lowa to embrace
more environmentally friendly alternatives for a more resilient, enjoyable, and sustainable
future.
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Section V: Alternative Solutions Considered

In the process of generating the final roof design, the team developed three preliminary
design alternatives with interchangeable components for the Five Flags Civic Center. Due to the
existing roof having three levels, this section will reference the roof system as three separate roof
areas, labeled in Figure 2. The highest level will be designated as Roof Area 1 and will reference
the roof for the theatre (10,650 sq. ft). Roof Area 2 will be the second highest level and will
reference the roof space above the arena (45,300 sq. ft). Finally, Roof Area 3 will reference the
lowest part of the roof system accessible through the arena and currently holds most of the
mechanical equipment (15,400 sq. ft).

Figure 2. Reference Map of Roof

Alternative 1;

Alternative one emphasizes the green roof feature with some cool roof elements for an
aesthetic and neat, but still sustainable roof option. Depicted in Figure 3, Roof Area 1 will
consist of a white metal sheet layer acting as a cool roof. This sheet layer will cover all parts of
roof area one including all sloping and curved elements. Roof Areas 2 and 3 will have a green
roof with grass and shrubbery that is native to lowa. The water collected from roofs can be
collected and reused for non-potable purposes such as flushing toilets or irrigation and watering.
The existing mechanical units and ducts will stay in place. Small paths that will cut through the

greenery will provide access to the units.
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With this alternative having the largest green roof area, it would have great benefits in
stormwater reduction and add to the biodiversity of the area. Green roofs actively and
consistently dissipate the heat island effect. With the location of this building in the downtown
district of Dubuque, it would be beneficial to utilize green features. Furthermore, the cooling
effect would increase with the increase in area of the green roof.

While this design alternative would allow the building to achieve a high energy efficiency
rating, it would add a significant amount of load to the existing roof. The truss system supporting
roof area two would need to be reinforced to have the capacity to support the green roof addition,
incurring a large additional cost with this alternative compared to the others. With the greatest
amount of area being green roof, maintenance costs would also be higher than in the other
alternatives. In addition to energy efficiency, however, this alternative would have great aesthetic
appeal, especially when being viewed from the bluffs west of the building.

Recycled Plank Path

Grass & Shrubbery

Cool Roef Sheet
Layering

Figure 3. Design Alternative 1

Alternative 2:

Alternative 2 will involve adding solar panels to the flat parts of roof area one to not
only reduce the energy use of the building, but also produce energy for the Civic Center’s use.
The solar panels will be faced south at a 30-degree angle for the most efficient performance.
The entire area will have an underlayment of reflective materials and will go under the solar

panels.
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For Roof Area 2, all existing mechanical units will remain in place with the option to upgrade
them. The units and ducts will be surrounded by a border of white sheet layering with a
connecting path for access to each unit from the staircase between roof areas two and three. For a
sustainable option, this path could be made of recycled wood material. The surrounding rooftop
will have a green roof consisting of lowa native grass and shrubbery. Roof Area 3 will maintain
the location of existing mechanical units to minimize costs and an awning will cover the existing
HVAC along the building wall to improve the roof aesthetic. Figure 4 shows this design
alternative.

Similar to design alternative one, design alternative two would also have a high energy
efficiency rating and need reinforcement to the truss system below roof area two. There is
slightly less green space in this alternative, as seen in Figure 4, so additional reinforcements will
not be as intensive as with design alternative one, making the alternative slightly less expensive.
With the greatest amount of area still being green roof, maintenance costs would also still need
to be considered. This alternative would also have great aesthetic and public appeal as it sports
all three concepts of energy efficiency: green roof, cool roof, and solar panels.

Recycled Plank Path

Grass & Shrubbery

Cool Roof Sheet

Layering
Awning
Solar Panels Cool Roof Sheet
Layering

Figure 4. Design Alternative 2

Alternative 3:
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Alternative 3 uses elements of both cool and green roofs while also converting the roof to
an occupiable space for events, dining, and community interaction with the garden spaces. The
height of the parapet walls will need to be increased to 3 feet 6 inches. As stated in alternative
two, roof area one will house solar panels facing the south at a 30-degree angle to obtain the most
efficient amount of sunlight while having a reflective underlayment. Roof Area 2 will include a
green roof utilizing native lowa grasses and shrubbery. The group proposes that a new
mechanical system be installed to accommodate the new roof design for area 2. A bistro and
outdoor gathering space with a community garden will be the main feature of the new design. A
new elevator and staircase would be placed on the right side of the arena wall to allow the roof to
be accessible and ADA compliant. On the roof level, these access points will be placed on either
side of the bistro. All components of Roof Area 2 will be connected by paths made with recycled
wood plank material. Roof Area 3 will have a reflective material to deflect ultraviolet radiation. It
is proposed that a new mechanical system is to be added and that this section be closed off to the
public to serve as a mechanical space. These details are depicted in Figure 5.

This alternative allows for community interaction with the green spaces, showcasing the
City of Dubuque’s commitment to eco-friendly development. It could also generate more revenue
as patrons rent the space for events, visit the bistro and purchase food and drinks, or visit the
Civic Center more frequently due to this additional, aesthetic social gathering space. It would
have the benefits that were provided in alternatives one and two, stormwater and energy use
reduction and solar energy production.

This alternative would be the most expensive to implement. Creating a space that can be
occupied and usable requires many additional renovation projects to the existing building, some
including raising the walls for safety, adding public accessibility, wiring electricity, and routing
plumbing to the roof, etc. This alternative would have a similar energy efficiency rating to
alternative two, but it would also interact with the public more, instilling community ideals of
sustainability. There is slightly less green space in this alternative, as seen in Figure 5, so
additional reinforcements may not be as intensive as with design alternative one, making the
alternative slightly less expensive. With the greatest amount of area still being green roof,
maintenance costs would also still need to be considered. This alternative would also have great
aesthetic and public appeal as it sports all three concepts of energy efficiency: green roof, cool
roof, and solar panels.
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Recycled Wood
Plank Path

New HVAC

Elevated Walls

Garden Cool Roof Sheet
Layering
Grass & Shrubbery

Solar Panels

Figure 5. Design Alternative 3

Section VI: Final Design Details

Based on stakeholder feedback, we formulated two design solutions for the Civic Center
roof re-design. The first alternative uses only the cool roof component while the second uses an
integrated design that utilizes cool roof, green roof, and solar panel components. These two
design alternatives are described in detail in this section.

Cool Roof Only Solution:

The objective was to implement a sustainable solution that not only provided thermal
comfort but also aligned with the city’s commitment to environmental responsibility. The
selection of the cool roof material aimed to mitigate heat absorption, thus reducing the urban heat
island effect prevalent in Dubuque. Additionally, the roof design incorporated features to
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enhance energy efficiency, such as reflective coatings and insulation, contributing to the overall
building performance.

We investigated several roofing material options for the cool roof solution that would
preserve the metal roof deck and increase energy efficiency. Among the alternatives explored are
composite tiling, light colored paint or coating, and single-ply membrane (with polyurethane
rigid foam). Composite tiles are typically a mixture of materials like plastic, rubber, and
sometimes recycled materials. They are lightweight, eco-friendly, and last between 40 and 50
years. A general overview of the installation process for this material would be to remove the
existing roof down to the decking to repair or replace any damage, and then add insulation and a
rigid foam board in where the tile would be placed.

The light-colored paint/coating material was an attempt to offer the client the cheapest
option possible. This option is the least evasive to the existing roof. The coating can either can
sprayed or painted on to the existing rubber asphalt finish, and the only preparation needed for
this is a proper cleaning of the existing roof surface. The recommended coating is called “555
Fibered Aluminum Reflective Roof Coasting 4.75 gal”. This coating is corrosive resistant and is
a waterproofing sealant to control leaks and cracks while also providing high reflective properties
to extend roof life and reduce roof surface temperatures (both exterior and interior). It is
recommended that all leaks and cracks are fixed before adding the sealant to offer more
waterproofing protection. The patching of existing leaks was not included in the cost estimation
for this cool roof alternative.

The recommended material for this design is a rigid foam Polyurethane-isocyanate
sheeted with PVC single-ply membrane. PVC membrane was selected as an economical long-
term solution, the material retains a solid white matte finish and is resistant to dirt, mold and
wind corrosion reducing overall maintenance cost. The roofing materials can be adhered with
either fasters or adhesive material for an easy installation process and with minimal required
equipment. This material composition has one of the highest R-values that is commercially
available and is Energy Star approved. Although the material itself is not biodegradable, it uses
85% less energy to manufacture compared to typical insulation and has a longer lifespan once
applied to the roof, generating less overall long-term waste. The lifespan of the material is 30
years, exceeding the standard 20 of commercially typical roofing applications. It follows the
International Building Code (IBC) Section 2603 and the International Energy Conservation Code
(IECC). In addition, it is rated as a Class A Fire Protection material that can lessen the spread of
fire.

As for energy efficiency, the R-Value for the new roof system was designed to be 30.5,
indicating that the roof has a greater resistance to heat flow than the existing roof system (R =
13). This allows indoor temperatures to remain cool in summer and warmer during winter
months. To create a durable cool roof, protection of this material is required to maximize the
overall benefits of this material, specifically its waterproofing and reflectivity characteristics.
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METAL DECK WTH VAPOR LAYER

Figure 6. Cool Roof Cross Section

Figure 7. Cool Roof Only Design
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Green Roof, Cool Roof, and Solar Energy Solution

The objective of this solution is to integrate the green roof and solar panels into the cool
roof design to implement additional benefits of stormwater reduction, energy production, and
aesthetics. This design minimizes the amount of roof reinforcement required while still achieving
the benefits of a green roof. Each of these three components are described in detail in this
section.

Figure 8. Cool Roof, Green Roof, and Solar Panel Design

Cool Roof:

The same roof material used in the cool roof design solution would be used for this
alternative as well. It would be installed with new insulation everywhere except for where the
green roof is located. The recommended material choice is a PVC single-ply membrane over a
new polyurethane rigid foam insulation layer. This combination of insulation and cool roof
membrane increases the longevity of the roof and the energy efficiency of the building.
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Green Roof:

The design of the green roof over the arena is classified as an extensive green roof due to
its lightweight and shallow build-up height. Extensive green roofs have six inches, or less, of
growing medium depth and are a good fit for renovations on existing structures like the Civic
Center without imposing excessive structural loads in general. This lightweight characteristic of
the extensive green roof is beneficial for various reasons. For instance, it minimizes the
additional weight on the building’s structure, reducing the need for costly structural
reinforcement. Secondly, it allows for easier installation and maintenance compared to more
intensive green roof systems. Overall, the extensive green roof design chosen for the Five Flags
Civic Center balances the benefits of green infrastructure with practical considerations, providing
an environmentally friendly and aesthetically pleasing solution that enhances the Civic Center’s
sustainability profile.

In this alternative, the green roof would only cover a portion of roof area two to minimize
the required truss reinforcement. The outline of the green roof area is shown in Figure 8. The
planted sections of the roof would share the same insulation as the areas covered by only cool
roof. The cool and green roof cross sections diverge in likeness after the roof board, where
instead of the PVC membrane, the green roof has a monolithic membrane, a protection sheet, a
root barrier layer, a drainage layer, and then finally the growing medium, as shown in Figure 9.

LOW PLANTS

i WK /

NNV EN\VISS 7T\ R )
M \ ) . W\
N N N N N N PN I NI NN,
R AR AR AR R A AR AR AR
AN CROWNG VEDIA
NN
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N

DRAINAGE LAYER

XA XA

ROOT BARRIER
— PROTECTION SHEET

1 T T MONOLITHIC MEMBRANE
ROOF BOARD

INSULATION

WATERPROOF WEMBRANE
T RIGID BOARD

ROOF DECK

Figure 9. Green Roof Cross Section
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Reinforcement details

The material associated with implementing a green and the water retention services they
provide add weight to the roof structure that was not accounted for when the Civic Center was
first designed. Through detailed structural analysis (documented in Appendix B), it has been
found that reinforcement is necessary to add the green roof, although it is not required
everywhere. The roof of the arena has three different truss types, shown in Figure 10.

In the areas where the green roof does not span the entire length of the roof (T-2 Series
trusses shown in Figure 10), our team redesigned these trusses with 2.25” diameter solid steel
rounds on the top chord and 12°x3/4” steel A36 plate on the bottom chord. To be conservative,
the trusses that were impacted by deflections are located at two-thirds of the span. This allowed
for minimized material usage and increased overall efficiency for the twenty-four T-2 series
trusses. The redesigned models, shown in Figures 11 and 12, show the additional steel sections in
the existing trusses. These new sections provided increased strength in axial force, moment, and
deflection for the top chord and tension on the bottom chord. Planned reinforcement within the
details is projected to use electrical arc welding with E60XX carbon-steel alloy weld rods as a
cohesive bond to the chords. This method provided both an economical and well-practiced
construction method. This allows a potential crew of five Journeyman welders to finish
reinforcement at phase completion of three days, with consideration to worker exposure limits to
ensure that these Journeyman have occupational safety against arc and flux gases.

Through structural analysis, it was determined that the girders would also need
reinforcement. Designing for adequate shear and moment capacity, a 6” x 12 A36 steel plate is
recommended to be welded to the bottom of the bottom flange. It is also recommended that
square bars are also to be welded on the inside of the top flange (see figure 13). To finalize our
load path analysis, the columns were analyzed and fortunately it was determined that no
reinforcement or replacement was needed. (See Appendix.)
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Figure 12. Reinforcement of Truss Bottom Chord
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Figure 13. Reinforcement of Girders

Redesign details

Additional loading due to the green roof required replacing the five trusses in the T-3
truss area (see Figure 10). A green roof design of almost 600 plf was made to cover 99% of the
truss to maximize the most efficient use of the green roof. Due to these excessive loads, it was
discussed if reinforcement could provide enough additional strength against bending and
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deflection for the top chords, and tension for the bottom chords, without adding too much
material where constructability would become an apparent issue. This process had created an
infeasibility within our design and thus our group resolved this by remodeling our truss and
optimizing dimensions to reduce material usages while adhering to required flexure and
deflection limit L./360. In turn, the trusses increased the bottom, top, and middle chords to
2L6”x67x7/8” DLH for long span considerations. The original 2L 3”x3”x1/2” vertical members
remained the same.

Solar Energy

While cool and green roofs are great methods for conserving energy, solar panels add
the option to generate electricity as well. In this alternative, Roof Area 3 of the Civic Center
roof (the lowest section) has a layer of cool roof material as the base, with solar panels installed
on top. Four groupings of 21-30 panels will be installed for a total of 105 panels. The size of the
individual array is based on the amount of loading that section of the roof has capacity for. It is
recommended to purchase commercial size panels rather than residential due to their energy
output and size. The following table shows a comparison of residential solar panels and
commercial solar panels.

Table 1. Solar Panel Size Comparison

Panel Type Size Solar Cell Energy Output Weight
Amount (Average)

Residential 54 ftx3.25ft 60 400 watts 40 1bs.

Commercial 6.5 ft x 3.25 ft 72 525 watts 50 Ibs.

Using commercial size solar panels, each of the five panel groupings would occupy 500
ft? of Roof Area 3. The solar panel arrangement and spacing allows space for maintenance of
the solar panels with six-foot-wide paths between each group and avoids the areas where
mechanical equipment and HVAC systems currently sit. The total area of solar paneling is
2,486.25 square feet, with a cool roof underneath them. Figure 14 shows where the solar arrays
are located on Roof Area 3.
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Figure 14. Solar Panel Configuration

Loading:

The lower roof (section three) has the capacity to carry the additional load of 3 psf of
replacing insulation, adding a cool roof covering, and adding solar paneling to the selected
locations. A commercial solar panel weighs approximately 2 psf, with the roofing replacement
underneath, the additional load totals 3 pounds per square foot. The structural portion of the roof
in this section is a hollow-core concrete slab. The capacity-demand comparisons were made
using the PCI manual load tables for this structure and the provided live and dead loads from the
original blueprints from Arnold & O’Sheridan, Inc. Consulting Engineers. See Appendix F for a
detailed analysis of each individual array location.

Payback Period:

Solar panels have a shorter payback period and are eligible for federal tax credits. The
total cost of the panels comes to $158,208.75 from a rate of $2.87 per watt and 525 watts per
panel. The installation of the solar panels is estimated at 5.5% of the cost of the system, which
would be $8,702. This brings the total cost to $166,912. This project is eligible for a 30% federal
tax credit. This would reduce the total cost to $116,838. Additional costs (not included in the
given total) for utilizing solar energy would be maintenance and any extra tracking services that
are desired. With 105 panels, this solar panel array is a 55-kW system, meaning it can generate
55 kilowatts of electricity at any given moment when operating at full capacity (100%
efficiency). This array size would be considered a small-to-medium array. At 55 kW, the system
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would output about 96,587.76 kWh annually, estimated based on an average 20% solar energy
efficiency rate. In the state of lowa, one kilowatt-hour of energy costs $0.14, giving these savings
a value of $13,522 annually. With these annual savings, the payback period for installing this
amount of solar paneling is 8.6 years. These items are organized in Table 2.

Table 2. Solar Panel Energy Savings

55 KW
105 panels $158,210 $8,702 $166,912 $116,838 96,588 kwWh  $13,522 8.6 years
2,500 sq. ft

Section VII: Engineer’s Cost Estimate

The construction cost estimate of the cool roof alternative totals to $1,035,710 and is
specified in Table 3. This includes the cost of new insulation, a cool roof covering, removal of
the existing roof, installation costs, and associated taxes for all the areas of the roof. With the
total roof area being 71,350 square feet, a lot of material and labor hours will be required to
renovate the roof to achieve either of the designs specified in this report. It is beneficial to do all
renovation work at one time, as costs for materials are more economic in larger quantities.

The estimated annual savings after the replacement of the roof insulation and the addition
of the cool roof is $23,550, which gives a payback period of 43 years for the PVC single-ply
membrane material choice. Based on research conducted by our team, the annual cost savings
associated with the energy efficiency of the roof is estimated from $0.10 per square foot from the
cool roof membrane and $0.23 per square foot from the insulation replacement (a total annual
savings per square foot of $0.33).
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Table 3. Cool Roof Only Construction Cost Estimation

Cost Per
Material Unit|Coverage |No. Units |Unit Total Cost  (Incl. 6% tax)
Cool Roof:
Polurethane Rigid Board Insulation] t* 416 172| $ 1,000.63 $ 182,688.00
PVC Membrane| ft° 1000 72| $ 1,050.00 $ 80,136.00
Vapor Barrier] 1t° 1000 721 § 477.00 $ 38,858.00
Spray Foam Insulation| ft* 92 776] $ 2559.00 $ 213,012.00
Remove Existing $ 64,200.00
Material Cost $ 540,982.00
Labor Cost $ 424,500.00
Total Cost Estimation:
Cool Roof Cost $ 1,029,682.48
Permit, Reviewal, Issuance, and Code fees| $ 6,027.68
[ somzion |

In a similar format, the construction cost estimate for the integrated roof alternative totals
to $1,694,541. This design has components of cool roof, green roof, and solar panels. The
materials are the same for the cool roof and insulation, and in addition to these materials and
labor for green roof and solar panel are added to the total cost estimation. The implementation of
the green roof also requires additional reinforcements in the trusses, girders, and columns,
creating a large extra cost associated with this design. The solar panel cost is based on the cost of
the panels themselves and installation, with the advantage of a 30% federal tax credit for
utilizing a sustainable energy option. The final addition to the total cost estimation are the costs
permits, reviewal fees, issuances, and code fees.

The estimated annual savings of the integrated design with the cool roof, green roof and
solar panels is $38,628, which gives a payback period of 46 years. The cost savings associated
with the cool roof and insulation replacement is the same as in the cool roof cost estimates, at
$0.33 per square foot. The annual cost savings associated with the green roof is estimated to be
$0.46 per square foot, which includes its cooling effect and stormwater discharge reduction. As
previously described, the 55 kW solar panel array generates $13,522 worth of electricity
annually. In finding the total annual energy savings for this alternative, each components savings
are weighted to the portion of the roof in square feet that it occupies.
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Table 4. Cool Roof, Green Roof, and Solar Panel Construction Cost Estimation

Cost Per
Material Unit|Coverage |No. Units |Unit TotalCost  (Incl. 6% tax)
Cool Roof: B
Polurethane Rigid Board Insulation ft* 416 172 & 1.000.63 % 182,688.00
PVC Membrane| 1000 720 % 1.050.00 z 80,135.00
Vapor Barrier] £ 1000 720 & 477.00 5 38,858.00
Spray Foam Insulation] 92| T 5 258.00 % 213,012.00
Remove Existing 5 64,200.00
Material Cost 3 540,882.00
Labor Cost 3 424,500.00
Green Roof:
Soil Medium| it 10 23] 5 64403 5 15,702.10
Drainage Layer Edge] If 8 gal % 6.66 5 624.80
Drainage Layer| 36 34 % 2.19 . 2791251
Filter Layer| #° 1368.5 9 % 660.00 k] 6,265.40
Root Barrier] #° 1218 10 & 65772 ] 6,972.00
Waterproofing Membrane| 216 85| § 122485 % 7,285.80
Momolithic Membrane| 4065 s 42.40 5 13,290.40
Weather Barrier] 32 37 g 25.90 g 10,312.50
Vapor Barrier] 1000 121 % 76.68 % 6,063.60
Gypsum Board it* 32 375 & 11.12 k] 4,425.00
Garden Edge Barrier] If 40 18] § 83185 5 1587240
Material Cost k3 114, 768.51
Labor Cost k3 126,000.00
Reinforcing Cost k3 298,635.47
Solar Panel:
Material Cost & 1585,208.00
nstallation Cost ] 8,702.00
Total Cost Estimation:
Ciool Roof Cost 5 1,029,682.45
Green Roof Cost & 539,403.99
Solar Cost| & 116,837.00
Permit, Reviewal, Issuance, and Code fees| & 8,516.82
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Appendix A — Green Roof Loadings and General Loading
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Green Roof Loading

A:=12000 f

G GrowingMedium =30 psf (5 in. growing medium)

https.:/iwww. hvdrotechusa.com/resources/7esQuic hp?category=

QFilterFabric = < 2% =0.024 Ib IsucromFilier = 0.024 psf
yd” fr
drainage*=3-8 PSf (Gardendrain GR30)
GRootBarrier =0.05 psf (Root Stop)
Divdrofiexio =0 PSf (0.085 in)
Gangsr25 =0 psf
G Waterproofing *= Dhydroflexso T daps125 =0 psf (027 in)

4 *= Y4 GrovingMedium = 4 SystemFilter +q drainage +GRootBarrier + 4 Warsrproofing = 33.874 osf

Gep =35 psf=0.035 ksf

clear(g)

Roof Loading
gosg:=1.2 psf
Ginsulation=0-6 PSf (3.5 in)

Grapor =0.0004 psf

b zecurock ™= 3.02 psf (3/8 in)
Gaeck:=2 psf (3in-22 gage)
Gamac=> psf (assumed and check with advisor)

4 deck: + b zecurock + qwzpor + 4 insulation 2 40sB + GHVAC™ 11.82 psf

4pr wori=15 psf
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Additional snow load
4snowLRFD = 58 psf 9 inow ASD = 0.6 9inowlRFD = 34.8 psf G enow.old *= 30 Psf

9 snow additional *= 9snowASD — Isnow.old = 4.8 p. Sf

Additional insulation load

Ginsulation old*=0.333 psf

— — — 7
Y inzuiarion additional *— Dinsulation — Qinsulation old — 0.267 pSf

Constant loadings
G existing *= qDL.maf+ G enowold = 45 psf

qer+= 0.773 psf

Truss Loading

Truss 1

Wy (27 fr+10 in) —6.958 ft

4
G (qmm‘ng + Ginsutarion additional T dsnore ad'dirional) +acr= 50.84 PSf
wyi=g+Wr=0.354 Ekif

clear (WT, q)
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Wy (28 f1) _7 4
4
q;:= (qsxisn'ng+ Qinsulation. additi ’+QSnow dditi ’) +qCR=50‘84 psf
2= (Qexisting + Qinsulation addivional + Aenow addirionat) + 46z ="85-067 psf
7. 17 7

W 155 W
Wsp1=q;* 77=0-178 Kf  wspa=q;. ; =0298 Kif  w;;3i=q;- 2T =0.178 kif

i Wr Wr

W3Rl :=‘11"%=0-178 KIf  wspy=a;z- 5 =0298 KIf  wsps=q;-* 5 =0.178 kIf
wii=wsir;+w;r =0.356 klf (from 0' - 39.94")

W3 =Wi 1, +w;,=0.595 KIf (from 39.94' - 89.98")

Wy 33 =Ws 13 W; g5 =0.356 Klf (from 89.98' - 146.6)

clear (H‘},ql ,qz)

Truss 3

W= (284"‘) =7 fi

;= (q«xr':ring+ Dinsulation. additional T q:nou'.addirionai) t4qcz= 50.84 psf

gqx= (qsxisting+ Qinsulation additional + 9 snow.additi r) +4gr= 85.067 psf

g s T

nr UT H-‘T
Wsr1i=gp* 5 =0.178 KIf  wsp2=g;+——=0298 KIf  wsy5:=q;- 5 =0.178 Kkif

(8]

iy Wr Wy
Wsg1i=q;* 5 =0.178 kIf Wsgri=gs" 5 =0.298 kIf W;s g3 :=q1-7=0.178 kif
wsp=wspy+wsp =0.356 kif (from 0' - 6')
Ws i =Ws 1, +w;sr,=0.395 KIf (from 6' - 140.6")
Ws3:=wsr3+wsg3=0.356 KiIf (from 140.6' - 146.6")
clear (WT,ql ,q_,)
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Appendix B — Truss 2 Re-Design and Reinforcement Calculations
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S5 R

L-Shape Dimension note: tf and tw are equal
d:=5-1n b:=5.1n tp:=0.5-1n t,:=0.5-1n
t,:=1-10"-in
Solid Rounds

d
d,:=2.25+in=0.188 ft r::?b:0.094 ft

t,==(dy)=2.25 in

Spacing s:=.5.in
Node 1: Node 2:
- ty I
T4y =022 Ia23=b—'7=4.75 mn
ty . t; i
Y1 i=d——=4.75 in Ypi=d———=4.75 in
2 2
Node 3: Node 4:
g p
i 5 :
1;“3:=<b_tw):4.5 n Toyi=|b—1t,—7- \é =3.242 in
2
I 5 p
Ya3z = (d—tu, =4.5 Yar:=|d—tp—1+ [ =3.242 1n
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Node 5:
L
zﬁzzb—?:().396 It
Yos:=0 2m=0 n
Node 7:

Tori=b+s=5.5 in

iy )
Yagri=d——=4.75 in
2
Node 9:
Ty =2:b+5=10.5 in
tf =
yag::d—?:4.75 in

Node 11:

Tapy?

2
b+s+t,+7e ‘ég]:zzss in

2
Yar1:=|d—1tp—1- \ég):3242 in

Element Thickness

Element 1:
lm::[l 2] ty:=t;=0.5 in

Element 3:

lml:=[3 4] t3:=1,=2.25 in
Element 5:

lm:=[2 6] ty:=t,=(1-10"°) in
Element 7:

Im:=[7 8] t,:=t,=(1-107°) in

Node 6:
Taei=b=51n
tf o
Yo :=d———=4.75 1n
2
Node 8:

t
mag::b+s+?w:5.75 in

tf 2
Yz i=d———=4.75 in

2
Node 10:
Ta10:=(b+5+1,)=6 in
Yar0:= (d—tw):4.5 n
Node 12:

tw -

za12zzb+s+?:5.75 in

Ya12:=0+21=0 n

Element 2:

Im:==[2 3] ty:=t,=(1-107°) in
Element 4:

lm:=[2 5] t4:=t,=0.51n
Element 6:

Im:=[6 7] tg:=t,=(1-107°) in
Element 8:

Im:=[8 9] t3:=t;=0.5in
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Element 9: Element 10:

Im:=[8 10]  ty:=t,=(1-10") in Im:=[10 11] t,g:=t,

Element 11:

Im:=[8 12] t,:=t,=0.5in
L T

0
Il
00 00 ~1 & BN NN
O 00~ O W

(="
*® =
[ S Sy
(TR =)

(1) Determine the centroid location for this center ine model.
Element 1: Element 2:

Lyi=\ (@ —T)* + (o1~ Vo) =475 in Lyi= \ (= Tea)” + (Yar—Yaz)® =0.354 in
Element 3: Element 4:
L —h\2 7 _ . . —\a 3 Ly
Ly:= \/(z‘ﬁ Tar)” + (Ya3—Yor)’ =1.779in L= \/(%2 Tas)” + (Yoo~ Yas)* =4.75 in

Element 5: Element 6:

Lg:= 2\/ (Ta2=Ta6)” + (Yo~ Yas)* =0.25 in L6:=2\/(I06—Ia7)2 + (Y6~ Yaz)* =0.5 in

Element 7: Element 8:
2 4 2 ! > 2 2 :
Ly:= \/ (Tar—Tas)® + (Yar—Yas)® =0.25 in Lg= \/ (Tas—Ta0)* + (Yas— Yao)* =4.75 in
Element 9: Element 10:

L9’=2\/(Ta8—97am>2 + (Yas—Yaro)’ =0.354 in Llo’=2\/(-'”ano—f’5an)2 + (Yar0—Yanr)* =1.779 in
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Element 11:

Ly ==2\/(-"3a.8—-"3a12)2 it (yas—ya12)2 =4.75 in

Ay=Ly ot

Api=Ly+t,

Ayi=Ly-t,

A8 :=L8' ts

Ag:=Lg-t;

A9 :=L9' tg

Ay=Lyty

Ayg=Lyy Ly

Agi=Ly-ty

Agi=Lg 1

A11‘=Ln -ty

Al:= (LI'tl+L2‘t2+L3't3+L4't4+L5‘t5+L6't6+L7't7+L8‘t8+L9’t9+L10't|0+L”’t“)=17.505 inz

Area Check

2. : - (dy)? +9.58+in® =17.532 in’

A= [ydA=Lit fyeds= 5 Lir = 05419 4, /2
Ayj= [ xdA=L;t; };x(‘s» ds = 25 Litj=(xp+xpA;/2
Element 1: Element 2:

- + .
A= (Vor Y -A,=11.281 in® A= <y“22 Yas) - Ay=(1.635-107") in’
Element 3: Element 4:

+ 2 - :
A13:=(y‘3_!"“)-A3=15.493 in’ AL :=M-A4=5.641 in’
Element 5: Element 6:

+ Y s .+
A= (Vo L Yas) Ay=(1.188-107) in® A= (Vos i Yar) «Ag=(2.375-10"°) in®
Element 7: Element 8:

+ =t -

Al (y“ﬁji"") Ay=(1.188-107") in® A= (y%yi”) -Ag=11.281 in®
Element 9: Element 10:

+ : + ;

A,g:=(u‘8—y“"’)-Ag=(1.635-10'“) in® Az,0:=_(M-Aw=15.493 in®
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Azll =

A

ES

Element 11:

(Yas+ Yar2)

2 'A1|=5.641 ing

7. b
~ 5 _3704 in

L
Element 1:
Py T
b (Far 5 Ta2) -A,;=5.641 in®
Element 3:
SRS :
A :=_(T“~‘2—”"‘4)-A3= 15.493 in®
Element 5:
o+ p
Ays;zw-&:@.zw-m—“) in®
Element 7:
+x :
A= (1“72 Tas) -A,=(1.406-107°) in®
Element 9:
+
%:=M.Ag= (2.077-107°) in®
Element 11:
+ -
Ay = (wa8 5 12) ,=13.656 in®

Element 2:

Ay2

il (Taz+ :r:as)

Element 4:

Ay4 L (‘Baz + zaS)

Element 6:

A=

(zaﬁ + xaT)

Element 8:

Aygi=

(Fas + Tag)

Element 10:

Ayro=

(malt) +

2

:tj:=AIl +A:2 +Au+A_—r.4 +A:|.5 +AIG+AI7+AT.8+AJ'9+AIIO +AIll — 64.83 i‘n"

=(1.635-107°) in®

-A,;=11.281 in’®

-Ag=(2.625-10"°) in®

- Ag=19.297 in®

ann) - A,p=26.531 in®

Aw:=A_y] +A'_lj2 +A1;3+Ay4 +A!15 +A1;6+Ay7+Ay8 +Ay9+AyIO+Ayll =91.899 in3
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Centroid Location

ij . -
Tr:=——=5.25 in y=3.704 in
A,

(11) Determine the moments of inertiasabout the coordinates pasang through the centroid

Shift Coordinates of Nodes

Ty =Ty —T=—5.25 in Y17 =Yu —Y=1.046 n

Tyi=Ty—r=—0.5 in Yo =Yg —Y=1.046 in

Ty =Ty —r=—0.75 in Yz3: =Yz —Y=0.796 in

Ty =Ty, —r=—2.008 in Yy =Ygy —Yy=—0.461 in

Tyi=Ty—x=—0.5 in Y5 i =Y —Y=—3.704 in

Tgi=Tae—T=—0.25 in Yo =Yp—Y=1.046 in

Tri=Tp—r=0.25 in Yri=Yar—Y=1.046 in

Tg:i=Tg—x=0.5 in Yg =Yz — Y=1.046 in

Tgi=Taq—T=5.25 in Yo =Yg —Y=1.046 n

T1g:=Tg9—T=0.75 in Y10 =Ya10—Y=0.796 in

X1:=Tq11 —r=2.008 in Y117 =Ya11 —Y=—0.461 in i

Ty9i=Tap—T=0.5 in Y12 =Yg —Y=—3.704 in
Ly=(y> + 1Yo +,°) - /:1; =2.6 in" Lo=(ys" +yp-ys+ys")- /’12 =(3.02-1077) in*
Ly=(ys” +ys-vs+us”)- /;3 =1.202 in’ Ly=(vs" +yp-ys+us”) - J:’ =8.658 in’
L= (92" + Yo Ys+¥s") - ’?5 =(2.737-1077) in" Lg=(vs> + e ¥r+v:")- é“ =(5.475-1077) in*
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Asg

<

=2.6 in’

i (2.737-107) in' Lg:=(ys* +ys-yg+uy’)-

B

Ipr= ('!hz +!I7'J8+1192) :

AQ L . 2 AIO <
Iz9==(y82+ys'y10+y102)' 3 =(3.02-107) in' I:no‘=(y10-+y|0'y|1+y112)' 3 =0.64 in’

A 1 -
Loy=(Us" + s Y1t 90”) -~ ' =8.658 im”

A y A
Ia :=(z,2+:1:,-:r:2+:1:22)- 1 =24.096 in* Iyz:=(m2‘+:z:2-z3+1:32)- 32=(1.399-10_7) in’
1 __( 2 2 A3_ -4 Tl 2 2 Ad_ -4
y3:=\T3 +T3-T4+ T4 )-~3 =8.137 in y4._(:1:2 + Ty Ty + Ty )- 3 =0.594 in
2 2 A5 R | 2 2 AG —8\ -1
Iy5:=(z2 + Ty T+ Tg )- ~ =(3.646-10 )1.n Iy6==($s + T+ T ) = =(1.042-10 )m.
L Ay

Iyi= (27" + By T+ Tg* )« —=(3.646-107°) in" I 5:=(z3* + g7 +xy° ) - — =24.096 in’

oA - A .
L= (:7:82 +m,0~:c8+a:,o“) . 39 =(1.399-107) tn"Iy,o:= (z,oz +Tyo Ty +z"2) . 3'0 =8.137 in’

AI]

j A (:1:82 +:1:8-:1:,2+1:,22) . =0.594 in’

Lo=Ip+ Lp+ Do+ Ig 4+ s+ Lg+ I+ Ig + Ing + Ipyo+ Iy = 24.359 in’

L=l + 1o+ g+ L+ L+ Le+ T+ T+ T 0+1,,+1,,=65655 in’

Ix}',._' = (2 Xom _"m -+ : X _"); + Xom _‘.p; + Xpn -"n: ) ¢ .‘1_' 6

A, U
=—7.145 in
6

Lo =(2-Ty Yy +2-To Yo+ T Yo+ Ty~ Yy) -

Ay L3 P
Lpypi=(2Tp Yp+2-T3 Y3+ Tp Y3 +T3-Ys) - = =—2.018-10"" in

A, 3
Izy:;::(2-:1:3-y3+2-I4°y4+m3-'y4+$4"!13)‘ 6 =—0.397 in

Ay  F L N
Tpyri=(2Tp Yo+ 2-T5 Y5+ T Y5+ T5+Yp) -—=1.578 in

6
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Ig;ys:=(2-12'y2+2-:L‘G"y6+l‘2'y5+£r6'y2)'!;5=—9.81-10_8 in'
Ag —21\ ;.1
Izys:=(2-mﬁ-y6+2-:t7-y-,+m6-y7+1:7-y6)- 5 =(1.145-10 )111

A
I = (2-:1:7-y7+2-zg-y8+m7-y8+a:8-y7>- 67=(9.81-10_“) in’
A8 E oot
Ipys:=(2-Tg-Ys+2-Tg-Yg+ Ty Yo+ Tg-Ysg) - 5 =7.145 in
Ao

Tpyg:= (2 “TgeYg+ 2 -x,o-yw—i-z‘g-yw-i—:nm-yg) - = (2.018 - 10'7) in’

6
A 7 Sy
Ixyu)’=(2‘$w'ym+2'mn‘yn"‘zm'yn""‘?n'!ho)' = =0.397 in

Ay
6

=—1.578 in?

Lpyr13=(2-Tg-Ys+2-T1p Yy + T Y12+ T12 Ys) -

Ly =L+ Lpp+ g+ Tyt Lo+ Lng+ Lo+ Lng+ g+ oo+ Iy =—6.134-107° gt
1 2 o S
_— (Lo 1,+\ (1.— 1) * + (1-1,%) ) =65.655 in’
1 2 PR I N D 117 TR ¥ ')77 -
Lynin=— (Lo+I,— Y (Ia—1,)* + (4-1,*) ) =24.359 in*

2-1
Q= ; -a.tan( =Y ) =—3.08-10""7

Iy =
Section Modulus

I : 1 :
8. == =—6.577 in> S,=—2=12.506 in*
Y T
Plastic Moment t:=.5-in

ym:=d—@
Ag=b-t+t-(Ypd—t) As==°(t)+%-(dbz)
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A=A,
in

_0.0218166156499291197124 - ft* +0.25-in®

solve ., Yp. (.027611654181941542135 - ft2 +0.25 - in?

s = =3.392 in
Yp =0 —Yp.=1.608 in "'.1* I'---'--—°- J ~NA U'(
“J ij_;_
Zypi=t-yp- y2’" =0.647 in’ Zopi=t-Ype u; =2.876 in®  Zy,:=(b—t)-t- (y;—t) =2.691 in’
Zpi=Zyy+ Zny+ Z3p =6.213 in’® Z'p=2+7Z,=12.426 in’
Z,:=15.164 in® Z,=27,=15.164 in® ¢
b— 2,=4_75 in

5.684+.5625=6.24T7

Z,, :=t.(b_t).(2'b+3 — (b_t))=6.75 in® Zy2:=d-t-(——

2 2

2-b
Zy3:=:'(db)2'( 2+s

—(s+t+.5- d,,)) =12.425 in’®

Zy=2+(Zy+ Zyp+ Z,3) =40.85 in®

F,:=36 ksi F,:=58 ksi

M, :=F,-Z,=45.492 kip-ft M, :=F,-Z,=122.551 kip- ft
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Yielding of Tension Members

P axial stress Ag: Gross Area A=A, F,):=36 ksi

byi=-9  OP =0y, F,A,=567.146 kip

Longitudinal welds .- w= distance in between
welds
ll:=11 ft 12:=11ft )~’—<
x: distance from the centroid
lL,+1 4 b

Pt w:=2.5-in U:=L-(1—£)=0.96

2 3-1* +w?
Ap:=U-A,=0.117 ft*
Derugi=-T5 F,:==58 ksi OP et = Oprup* Foy» A, =T731.074 kip

@Py =min (PP, PPppy) =567.146 kip

o.P, nyielding = P, ny
¢tp n.rupture *— P, nrupt

OR, :=min (¢,P n.yielding » o.P n.rupl.ure) =567.146 kip
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I

™
o >

L-Shape Dimension note: tf and tw are equal
d:=5-in b:=5-in tp:=0.5-in t,:=0.5-in
t,:=1-10 %-in
Gauss Plate

5 3 .
l,==12-in=1 [t t,,x_ji— in
Spacing S:= . 5H-in

Node 1: Node 2:

2 - - tu- - <

Ly =0-in Toanr=b— 5 4.75 in
ty ; ty ;

Yar = t,.+7—‘ 1 in Yoo = t,,—{—?_‘ 1 in

Node 3: Node 4:
t"l - t"' -

Eynt=0——-=4.75 in g t=b——=4.75 in
2 2

Y =d +1,=5.75 in Yar=1,=0.75 in
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Node 5:
b ;
Los 3= b——2—=4.75 in
Yoy i= ‘% _0.375 in
> 2
Node 7:

t
:1:,,,.x=b+s+-23'-=5.75 in

t,l 3
Yar i=—=0.375 in

2
Node 9:
tll! ™~ "= o=
Tani=b+ 8+ ?=o.7o in

Yan1=1,=0.75 in
Node 11:
Ly =2 b+s5=10.5 in
Yar1:= L,,+%= 1 in
Element Thickness
Element 1:
ms=[1 2] t,=t,=0.5in
Element 3:
imli=[2 4] tyi=t,=(1-10"%) in
Element 5:
Lrrde= I 56 |

Element 7:
=7 9]

tr' 1= t’, = 0.75 i,l
tyi=t,=(1-10 %) in
Element 9:

bir:=[9 10] toi=2t,=(1-10"°) in

Node 6:

"’uu’=(2‘b+ﬂ)—l,,=—l.5 in

Yo i= f'" =0.375 in
aty 2 o
Node 8:

Tagi=1,=12 in

t,l 3
Yas i=—=0.375 in

2
Node 10:
1y t
Taroi=b+ 8+ > =5.75 in

tf -
Yaro =1, + o =11n
Node 12:
ty

Zyyp=0+84+—=-=5.75in

Yar2:=d+1,=5.75 in

Element 2:

tml:=[2 3] tai=t,=0.5 in
Element 4:

imh=[4 5] ty=t,=(1-10"%) in
Element 6:

= |5 7] tgi=1,=0.75 in
Element 8:

tml:=|7 8| tg:=1,=0.75 in
Element 10:

trr:=[10 11] tio:=1t,=0.042 ft
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Element 11:

Im):=[10 12] t,,:=t;=0.5 in

0= =T T U R NN~
(v Q=N I =y S B (]

10
10 11
10 12

(1) Determine the centroid location for fhus center ine model.

Element 1: Element 2:

Lyi= \ (Ta1—Ta2)® + (Yor —Va2)* =475 i Lyi= \| (Tar—Ta3)” + (Yr—Yus)® =4.75 in

Element 3: Element 4:

L:s’zz\/ (mc&_marl)z + (yGZ_yad)z =0.25 in L.4’=2\/ (ma"l_ma"i)z + (Yar—Yas ? =0.375 in

Element 5: Element 6:

Lr‘zz\/ ($a5—$aﬁ)2 + (Yas— Yas ® =6.25 in LG‘Zz\/ ($a5—$a7)2 + (Yas — Yar =1lin

il

Element 7: Element 8:
L= "\ (Tar—Ta0)® + (Yar— Yuo) > =0.375 in Lyi="\| (Tar—Tas) > + (Yar— Yas) > =6.25 in
Element 9: Element 10:
Lg‘zz\j ($a9—$a10)2 =+ (ya!l_ya.l{l)z =0.25 in Ll(}‘=2\/ (malt]n—‘?'?cm)2 +(yalll_yall)2 =4.75 in
Element 11:

Lllzzz\J(maI[l_maIZ)Q +(yalll_yf1|2 ?=4.75 in
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Api=Lyot;  Agi=Lyety Az:=Lyty Ay=Lyoty  As=Lsty; Agi=Lgetg
Aqi=Lyty Ag=Lg-1g Agi=Ly+19 Ay=Ly+tiy  Ap=Ly-ty,

At== (Ll 't,+L2‘t2+L3't3+L4't4 +L5‘t5+L6't6+L7't7+L8't8+L9't9+L|0't10+Ln 't”) =19625 ‘l

Element 1: Element 2:
s W“zi‘ﬂ) A, =2.375 in® Agyi= M -A,=8.016 in’
Element 3: Element 4:
Ay ::(y“z_zi‘“)-&: (2.188-107") in* A, ::M-A,,:(.‘Z.IOQ- 107") in®
Element 5: Element 6:
A,5:=@”“2i"“).A5:1.758 in® Aw:zw-&=0.281 in’
Element 7: Element 8:
Al ::<y“72i“9)-147= (2.109-107") in® Azszz(y'ﬂ_%‘w)-Asz 1.758 in®
Element 9: Element 10:
Augi= M’)_-Agz (2.188.107) in® A= iy““’%ﬁ «A,=2.375 in®
Element 11:
. A ::M-A“ =8.016 in®

Agji=An+Ap+Ap+Ay+Ans+Agt Ay +Ag+Ant+AngtAn=24.578 in’

Arj 3
y:=——=1.252 in
i

Element 1: Element 2:
T+ T.oF+T =
A, ::M-A,:S.GM in’ A,ﬂ::M-AZ:u.zm in’
Element 3: Element 4:
T o+ 3 = T+ - .
Ayazz(“22—"’1)-A3:(1.188-10_") in’ AW:(""2—“").A4:(1.781-10"‘*) in’
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Element 5: Element 6:

Ay ::%L@-Aszzaw in® Ay ::(L“r’zi‘ﬁ)-AG:S.937 in®
Element 7: Element 8:

Ay, :=($“72L“9)-A7= (2.156-107°%) in® A :=(m“72L“8)-A8=41.602 in®
Element 9: Element 10:

A= (Zao*+Taro) -Ag=(1.438-10"°%) in® A, = M - A o=19.297 in®

Element 11:

Al (mm();malz)

A=A +Ap+An+Au+As+Ag+AR+Ag+An+A,0+A,;, =103.031 in®

-A,;,=13.656 in®

Centroid Location

A .
—_ W 595 in y=1.252 in

t

Shift Coordinates of Nodes

T =Ty —T=—5.25in Y=Y —y=—0.252 in
Ty:=Tu—x=—0.5 in Yo i =Yao—Yy=—0.252 in
Ty:=T,m—x=—0.5in Y3 =Y3—yY=4.498 in
Tyi=Tyu—x=—0.51in Y=Y —y=—0.502 in
Ty =T, —x=—0.5 in Ys =Y —Y=—0.877 in
T =T—T=—6.75 in Y6 =Yas—Y=—0.877 in
Tri=T,—x=0.51in Yr i =Y —Y=—0.877 in
Tg:i=T,s—T=6.75 in Y i =Y —Y=—0.877 in
Tg:=T,,a—x=0.51in Yg:=Ya9—Yy=—0.502 in
10 =Ta10—T=0.5 in Y10 =Ya10—Y=—0.252 in
T =T —T=5.25 in Y11 =Ya11 —yYy=—0.252 in
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T19=Tq2—2=0.5 in Y12 =Yu2—Yy=4.498 in

A A
Li=(y" +y -y +3°)- 3‘ =0.151 in’ Lo=(ys" +Ya-ys+Ys” )+ 3” =15.166 in’

A, A
Ly=(ya" +¥ays+¥s") - 3“:(3.691-10—8) in' Ly=(y +yays+ys°) - 34=(1.829-10"7) in’
A, A,
Ls=(ys" +¥s-Ys+Ys" ) - 5 =3-608 in’ Lo=(ys" +ys-yr+y:" ) - 3":0.577 in’
2 2 A7_ 10-7\ .4 AR 2 AS_ . 4
Lo=(y:" +yr-yo+ys’ )+ . =(1.829-107) in' Lg=(y:* +yr-ys+ys")- 5 =3:608 in

Ay SARENIE Ay gt
I19==(y92+y9-y10+ym2)-?=(3-691°10 8) m4Im10’=(y102 +y10'yn+y112)‘ 31 =0.151 in'

A -
L= <y102 +y10'y|2+?l122)' 311 =15.166 in"

A A
1 _24.096 in* Ly=(zy" + 2523+ 25") -%:0.594 in’

I_,ﬂ::(a:,2 +m]-m2+m22)- 5 i

Ly=(2" + 2y 2y 43, ) - f;" =(6.25-10"°) in' I,=(z,* +z4-z5+35°)- ";4 =(9.375-10"") in"

A, A
Ls=(25" + 2526+ ) - 3"‘ =76.855 in’ Ig=(z5" + 25242, )» 3“ =0.062 in’

2 2\ Az o -8\ . 4 2 2y As EE a4
IyT:: (.'1)7 +m70$9+$9 )'?:(9_37._)- 10 )1". IyS:_—_ (z.’. +m7.$8+$8 )0—3—:76.800 m

A . A
Lgi=(zo” +@g+ 1+ T10") -79: (6.25-107°) in* L0:= (10" +Z0- 11 +:1:1,2)-Tw:24.096 in’

A
3” =0.594 in*

L=l Ia+ Lot Lyt Lt L+ Ly Lt Lot Lo+ 1y = 38.429 in’

2 2
L= (5”10 + Ty T12+To ) =

I=Ia+Ip+ I+ T+ s+ e+ T+ Ts+T0+T,0+1,,=203.154 in’

Al - 4
I.ryl = (2-:1:1-y,+2-:E2-’y2+:1:1-y2+.'l.‘2-y,) '?: 1.723 in

A e
2 —_2521 in’
6

Ioyp= (2‘732'y2+2‘$3’y:;+~”«‘2’ys+$3’yz) .
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Loyni=(2+y Yo+ 2Ty Yy +To Yy +Ty+ yz) ?=(4.717.107%) in’

4

20Ty Yy + 20 Ty Y+ Ty Y5+ Ty Yy ) * =(1.294.107") in’

_,bm

=14.909 in’

2T Ys+ 2T Yo+ Tr* Yo+ T+ Ys

P o

' —_1.891-10'¢ in’

7

2eXreYr+2+Tg*Yg+ T+ Yo+ T+ Y =—1.294.10"" in*

o0

=—14.909 in*

5)
Ys)*
)
2oLy Yy + 2Ty Yg+ Ty Y+ Ty y)

A —_ 4717108
6

(
e
ai
= (2 T+ Y5+ 2Ty o Yy + Ty Yy + Tp o
peed
8:=(
2:=(

2:29Yg+2+Tip*Yr0+Tg* Y10+ T10° y9)

A
10 _ _1.723 in®

Iyo= (2'9710’?!104'2'1'11 *Ynut+tTiYnu+In 'yIO) .

Iy= (2'9710’ylo+2'-'1712'y12+3710'?112+m12'y10) .

Ly=Ly+ g+ g+ Ly+ Lys+ L+ L+ L+ Lo+ Iq0+1 (3.68-107") ft*

zy]l—

Im::% (L+1,+3/(I.-1,)* +(4-1,,%) ) =203.154 in’*

ik :=% (L+1,~(I.-1,)* +(4-1,,%) ) =38.429 in"

y T
Section Modulus

2.1
o=t .atan| =% | —4.633.10""
2 I

I, I, —t
S,:=—"=30.685 in® S, = =38.696 in’
Y T
t
Ype 1= (d+1,) —{ypd tp+3f=1 in
1
Ac=(te o) + (- Gd=1) A=ty + (535
solve,y,,.

A=A, —— 0.035714285714285714286 - ft + 2.3809523809523809524 - in
Ype=0.035714285714285714286 - ft +2.3809523809523809524 - in=2.81 in

Ypei=(d+1,) —Yp.=2.94 in

l t =+ ¢
Z= z”-tp- ypt—?p =11.545 in Zyg=(b—1tg) sty | Ype— |tp+ > =4.366 in®
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—(t,+1
Z1:3==tfo (ypt_(tp+tf)>- _3_/_@_(_22__{)_

Z,=2+(Zyy+ Zop+ Zyy+ Zy) =37.197 im’

4

Ll — 1 -
Zy, :=tp-?”-(—ép————’1)=13.5 in Zy2==tf-b-(3p—zp)=7.5 in

S~

Zyyi=te (b-t,)-(é’-(b+t,))=1.125 in’

F,:=36 ksi F,:=58 kst
M,=F,Z,=111.591 kip-fi M, :=F,+Z,=132.75 kip- fi
P axial stress Ag: Gross Area

Giyi=9 Py =Gy F,+A,=635.85 kip

—

Longitudinal welds

Li=11ft =11 ft —

I, +1 .2
Lt | Ll 9l U:—L-(h%):o.ge

2 3% 4w’

§ 2
A.=U-A,=0.131 ft

Prupi=-T5 Fu=58 ksi  @Pppupe'=Gupup*Fur A, =819.636 kip

P, =i ($Pyy , GPyrupr) =635.85 kip
o.P n.yielding = OP, ny
d)tp n.rupture ‘= oP, nrupt

¢Rn =1an <¢tp n.yielding y d)tp n.rupture) =635.85 k‘lp

=0.714 in® Z 4= tye (%»c)'

7P _1.973 in®
2

1+ Zyp+Zy3) =44.25 in’

F=36 ksi

w= distance in between

x: distance from the centroid
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Compression + Bending

P,:=77.418 kip

P,:=T75.786 kip

Py:=130.492 kip
P,:=130.492 kip
Py:=173.875 kip
Py:=173.875 kip
P,:=206.814 kip
Py:=206.814 kip
Py:=226.492 kip
P,y=226.492 kip
P,,:=233.043 kip
P,y:=233.043 kip
Py3:=230.943 kip
P,,:=230.943 kip
P, :=220.089 kip
P,s:=220.089 kip
P,,:=198.149 kip
P,g:=198.149 kip
P,4:=166.794 kip
Pyy:=166.794 kip
Py, :=125.616 kip
Pyy:=125.616 kip
Pyy:=T73.192 kip

P,,:=74.824 kip

M, :=3.156 kip- ft
M2:=3.156 ktp-ft
1"]3!: 1.246 ktp-ft
M,:=1.245 kip-ft
My:=1.246 kip-ft
Mj:=1.245 kip- ft
M,:=1.71 kip- ft

M:=1.708 kip-ft
My:=1.71 kip- ft

M,:=1.708 kip-ft
M,,=1.71 kip- ft

M,:=1.709 kip- ft
My3:=1.71 kip- ft

M,,:=1.709 kip- ft
A’Ils:z S ktp-ft

M, :=1.245 kip- ft
M,,:=1.246 kip- ft
M,:=1.245 kip- ft
M,q:=1.246 kip- ft
Mayy:=1.245 kip- ft
My, :=1.246 kip- ft
M,,:=1.245 kip- ft
M,;:=3.156 kip- ft
M,,:=3.156 kip- ft

Compression
Pyg:=3.543 kip
Pyy:=43.897 kip
P41 =1.981 kip
Py:=35.106 kip
Pyy:=1.981 kip
P,5:=27.646 kip
Py:=3.31 kip
P:=17.788 kip
Pyy:=3.31 kip
Py, :=7.414 kip
Py3:=3.268 kip
Py::=0.715 kip
Py6:=3.268 kip
P58 :=10.872 kip
Pyy:=2.645 kip
Py, :=18.722 kip
Pgy:=1.98 kip
P, :=25.974 kip
Py :=1.98 kip
Py :=33.39 kip
Pgg:=1.98 kip
P.y:=42.14 kip
P,,:=3.512 kip

Tension
P,;:=84.126 kip
Py:=100.731 kip
Py, :=100.731 kip
P28 :=147.212 kip
Pyy:=147.212 kip
P30 :=183.416 ktp
P;,:=183.416 kip
Pyy:=210.001 kip
Py3:=210.001 kip
P,:=226.883 kip
Py :=226.883 kip
P.:=231.357 kip
P,y:=231.357 kip
P.3:=231.116 kip
P,,:=231.116 kip
P,;:=218.064 kip
P.;:=218.064 kip
P,.:=191.566 kip
P.g:=191.566 kip
P.y:=153.196 kip
Pgy:=153.196 kip
Pyg,:=104.471 kip
Pyy:=104.471 kip
Py, :=87.043 kip

P,y:=39.762 kip
P,3:=31.918 kip
P,:=23.756 kip
Pyy:=13.243 kip
Piy:=3.021 kip
Py,:=2.664 kip
P57:= 6.42 ktp
Pyy:=15.863 kip
Pyy:=22.967 kip
Pes:=30.226 kip
Pyy:=38.029 kip

L):=8.85 ft [Ly):=5.56 ft Ly :=5.56 ft Ly:=11.13 ft L;;:=6.49 ft Ly :=8.86 ft L :=8.77 ft
Ly:=8.85 ft Lyp:=5.56 ft Lyy:=5.56 ft Lyy:=11.13 ft L;==8.59 ft Ly,=8.86 ft Lgy=6.73 ft
II, =5.56 ft Ly3:=5.56 ft Ly;:=8.85 ft Lyy:=11.13 ft L;:=8.59 ft Ly;:=6.96 ft Lg;:=8.68 ft
Ly:=5.56 ft Ly=5.56 ft Ly;:=8.85 ft Ly:=11.13 ft Lyy:=6.61 ft Ly;:=8.95 ft Lg,:=8.68 ft
L =556 ft  Ly5i=5.56 ft Lys:=13.66 ft Ly;:=11.13 ft L;5:=8.68 ft Ly;:=8.95 ft Lg;:=6.61 ft

=556 ft  Ligi=5.56 ft Lygi=11.13 ft Lygi=11.13 ft L;5:=8.68 ft Lg:=6.96 ft Lgs:=8.59 ft
L =5.56 ft  Ly;:=5.56 ft Lyy:=11.13 ft Ly;:=13.66 ft L;:=6.73 ft Ly :=8.86 ft Lg:=8.59 ft
Lg 5.56 ft Lyg:=5.56 ft Lpg:=11.13 ft Lyg:=T.14 ft Lg:=8.77 ft Lyg:=8.86 ft Lgg:=6.49 ft
Ly:=5.56 ft Lyg:=5.56 ft Lyg:=11.13 ft L3:=8.51 ft Lyg:=8.77 ft Lyy:=6.84 ft Lgy:=8.51 ft
Lyd:=5.56 ft Lgg:=5.56 ft Lyg:=11.13 ft Ly:=8.51 ft Lgy=6.84 ft Lgy=8.77 ft L,:=8.51 ft
L,,=17.15 ft
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Compression + Bending Design Check

(for top chord only =5" x 3" x 1/2")

M,,:=0 kip-ft M :=F,-Z,=45.492 kip-ft M,=F,-Z,—=122.551 kip-fi

@ P 4:=295 kip
@ =276 kip
bePrns:=252 kip

@cPp10:=225 kip

P 1=
GcPr p2=
DePr 13
GcPr =
GcPr 15=
GcPp 16=
OGP 7=
P 3=
GcPrro=
P r10=
bcPr 1=
P 112:=
P p13=
P r14:=

¢clpon}c;:‘:c;n.8 +(Ly—8 ft) + Py x=240.525 kip
%f:;;;:zc; nE . (Ly—8 ft)+ &Py s=210.525 kip
¢c:1}.z:fczn.4 - (Ls—4 ft) + ¢Py 4 =280.18 kip
¢c:}z:f1bcz“ < (Ly—A4 Ft) + & Py 4= 280.18 kip
R
¢Cé’,}::<fc;n.4 - (Lg—4 ft) + ¢ P, 4=280.18 kip
%:;::fczn«a - (Ly—A4 ft) + GoPna=280.18 kip
¢c§1}2:fc;n4 - (Ls—1 ft) + ¢ P, 4=280.18 kip
¢c:1}2:f¢‘;:n4 - (Ly—4 ft) +¢ P, 4=280.18 kip
¢c:,}z:fc;n.4 + (Lio—4 ft) + Py, 4=280.18 kip
¢c§;(ti:fc;n.4< - (Lyy—4 ft)+ ¢ P, ,=280.18 kip

, 6 ft—aft
| 6 ft—d ft

d’cp n6 d’cp nA4 <
¢an.6 1 ¢cpn.4 <
¢cpn.6 =€ d)cpn.d <

| 6 ft—4 ft

*(Lip—4 ft) + & P, 4=280.18 kip

- (Liz—4 ft) + &Py 4 =280.18 kip

“(L1a—A4 ft) + ¢ Pp ,=280.18 kip
/

(double angle compression value per AISC steel manual under L.=4 ft )
(double angle compression value per AISC steel manual under L,=6 f )
(double angle compression value per AISC steel manual under L.=8 ft )

(double angle compression value per AISC steel manual under L.=10ft)
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@Pp 15= (¢°:'}z = T‘“‘;"“ - (Lis—4 ft) + ¢ Pp 4, =280.18 kip
OGP 116= >¢(‘:1}: fc;" - (Lig—4 L) + PPy 4=280.18 kip
PP e = >¢°:'}; = fc;;" =4 Il (Liz—4 ft) + ¢Py, 4=280.18 kip
PP 118= w“:’;i: ‘fcz ntls (Lis—4 ft) + ¢Py 4=280.18 kip
Ol r10= >¢C(I:,}: : fcft"" “(Lig—4 ft) + & P ,=280.18 kip
&ePn.r20= i ¢°:'}: B f";"” « (Lao—4 ft) + ¢ Pr4=280.18 kip
@cPp 217= w”:’;ﬁ : fcz"“ ) - (Layy—A ft) + ¢ P, 4=280.18 kip
GcPr 1227= ((pf'}i : f"z"" “ (Laz—4 ft) + ¢ P, =280.18 kip

o ¢ﬂ"};:i‘;"'8 * (Lys—8 ft) + ¢ Py, s=240.525 kip
bPr121:= wﬁ"}‘;:iﬁ"s - (Los—8 ft)+¢Pps=240.525 kip
Pl 38+= >¢c§,}: ;b”;" “) (Lss—6 ft) + PPy 6=262.32 kip
OcPp 130= (¢'§)"}‘; zft" 2|+ (Lag—8 ft)+ ¢ Py s=245.115 kip
OPrp 142:= ¢°$"}‘;:‘§‘;"'8 ] - (Lyz—8 ft)+GcPp s=244.035 kip
bcPn.pas= M‘“’S"'}‘; :z“;""‘ * (Las—8 ft) + ¢oPrs=242.82 kip
OcPr pa5+= >¢°§)"}:i§c;"‘8 < - (Lys—8 ft)+ ¢, s=241.605 kip
O p51+= (¢°§)"}‘;:‘§°Z"'S ] - (Lsy —8 ft) + ¢ Pp s=240.39 kip
OPp 1547= ¢°§)"}::§°;"'8 < - (Lss—8 ft)+ ¢ P, s=239.175 kip
P 157°= (¢°§)"‘}‘;:§“;"'8< (Lsy—8 ft) +¢Pp s=240.39 kip
DcPr 158= ¢°§)"}‘;:z”;"'8 < - (Lss—8 ft) +¢oPps=210.39 kip
P 161= ¢°§,"}';:§“Z“"‘< * (L1 —8 ft) + ¢cPp s=241.605 kip
P ra= ¢°§)"}::§°;"'8< - (Los—8 ft) + P, s=242.82 kip
L O ¢°§)"}2:2”;"'8 j - (Lgr—8 ft) + ¢ Pps=244.035 kip
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¢cpn.L70:=
d’cpn.l,?l =

clear (¢Pn 6)

i

f
d)cp n.ll

i

P,

P, 8

¢cpn.l,1 9

P,

se if

P,

+
2 ¢CP n. L1

Py

¢cpn.10 E d)anS

10 ft—8 ft
¢cpn.8_¢cpn.6

8 ft—6 ft

=>0.2

M,
M,_,

>0.2

£l =21 sops
¢cpn.L3

Py 8

——F
¢cp n.L3 9
Py

¢cp n.L3
Py

se if

My
M,

<0.2

M.
+ ’3)

<1

M,

M

else if

+
2 ¢¢:P n.l3
Py

Py 8

+ =
¢cp n.L5 9

Py

n.Ls

Py

M,
M,

L=

Lo S0
¢cpn_L.5

M
M.,

<0.2

M.
+ "’]<1

—

el ey
M, )_

<y

M.,

<1

2 ¢anL5 i

M;
M,

M,

cy

M, )

)-(Lm—s It) + d Py s=245.115 kip

) - (Lyy— 6 ft) + &Py, 6=262.2 kip

=l L2
if >0.2 =1
¢L‘Pﬂ.l42
P M M
e R e e
¢cpn.l,2 9 A’[m: Nlcy
3 Py
else if -<0.2
n.L2
P. M M
e 8 S SR £ |
2 d)cpn.LZ M(:!: Alcy
o i
| A M ] 1 =1
d)anJA
P M M,
4* 8. - 4‘+ *fy Sl
¢cpn.IA 9 Mc:z: Mcy
ST =
else if <0.2
¢anJA
P, M, M.
4 22 4 ™Y < 1
2 qbcpn.lA Mcz Mcy
Pg
i - =02 =1
¢0Pn_l.6
P, 8 (Ms  My)__
d)cpn.LG 9 Mc.t Mcy =
else if S 02
¢ n.L6
P, M, M,
EetoplesRpe S| oy
2 ¢cp n. L6 Alc:t Alcy

May 10, 2024



P,
if >0.2 =1 if 8 >0.2 -1
¢¢:Pn.l.7 ¢an_l,8
P, 8 (M.  M,)_. Py 8 (Ms  My)_.
== < e <
¢cpn.147 9 Ma’ Mcy ¢¢:Pn.LS 9 Mc:z: Mcy
7 P7 PS
elseif ————<0.2 elseif ————<0.2
¢CP1LL7 ¢cpn..l..8
P, M. M. P, M, M
S e | P i | 2 St ey
2 d)cpn.lfi Mc:z: Mcy 2 ¢r:Pn.L8 Mcz: -A’Icy
P, P
il 2 o gio = el 100 cge —3
¢an.l,9 ¢anJAO
tal L8 (0 Al g | B Mo, Mgl
¢cpn.L9 9 Alm: Mcy d)cpn.LlO 9 ‘A/[(:t Mcu -
o PQ . PlO
else if <0.2 else if <0.2
¢cpn..L9 ¢cpn.l,10
P, M M, P M M
9 9 TY < 1 10 10 + Y < 1
2 d)cpn.l,g A’Itn: Mcy 2 ¢an.L10 ML‘.’I Mcy
P P
gL~ 1L S0 =1 I ARENY =1
an.Ll d)cpn.LlZ
Py 8 (M, M, i Py 8 (My M, I
¢¢:Pn_l.ll 9 Mc:!: A'Icy d)cpn.LlZ 9 NI(::: Mcy
else if = <0.2 else if 2 1. 202
n.Li1 ¢ n.rLi2
— 1 oty T T =Es Mz p Mo}
2 ¢anJ,ll Mc.'t Mcy — 2 ¢cpn.Ll2 Mm: Mc‘u
y e P
if B ~a2 —1 if 12 =a>2 =1
¢¢:Pn.Ll3 d)cpn,l‘ld
P M M. P M M
&g .8 13 Ty <1 #.{.g. e ez <1
¢cp'n_l.13 9 M(:: Mcy ¢cpn.l,ld 9 M(z Mc-y
L g Pz J P4
elseif —————<0.2 elseif ————<0.2
n.l.13 n.l14
P M M. P M M.
13 = 13 Y < 1 14 2 14 e Y < 1
2 d)cpn.LlS AJ(ZE Mcy 2 ¢cpn.!,ld Mt:z Mcy
P Pi.
if B 509 =1 if e SO, (07 =1
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d’c""u an =
Py = (A'fm

-+
‘»:"’u.l. LR 9 A/’f\l‘
also if s =< 0.2
‘#rl,n ran
Pyn . My !
2 ¢q-l ’n.'.l". A"r_':
l.l
i Y 0.2

d’r”n. oy

¢c‘l )n.l. 17 9

L

A,

else it 57
CE R T B s

= 0.2

I _(A/l.., :

N
+ "")sl

M,

Q{"l‘ -1
)=

M,

. Avl,.”] <=3

P, $ (A"‘? » A'l,.,,)__ 3
2 B A par M. My, )
l’lﬂ
if =>=0.2
L AT
1" N1 N
10 +i¢_‘_ L R 1y =1
d’r”u AL o A”r.r A4ru
¢ 0
else if = 0.2
¢::”n.l.l0
g 4 N g o Afl,_” <1
2 ‘f’r')u L A’"r.r A"ru
1,
" =0.2
L
>, . y
__,.!-,21 +§ - {‘,_2A'A+,AL{'J£ =1
¢lf”'l.l¢" 1 9 ""’c'_'t A'l‘u
17,
olso ir =0.2
DA g
Py + Mz, + A/fru -1
2 ‘\bt.-l,u.l.'ll A”-:ﬁ A'Iru =
if Pa o2
Dy pan ;
oy L Mooy My 4
d’c.-l’u.l‘z:i o A’,_,. A"ny ==

f ot
—2 <02
n.L23

else if

P23 M23

M.,

+
2 ¢cPr 23

+ <1
Mo My

d’r”ﬂ, a6 Tis

"~ M N |

)lﬂ - =5 . 16 u =1 |

bl nwlLan o A"-:.‘r A'fvy |
LT |

olso i =< 0.2 |
d’r”ﬂ 6 |
P (M M) |

2 Pl pa LT M, |
l'l“ |

i -=0.2 |
4’4""‘, Las :

> y |

s + 8 My N M., =1 |

Ded s ran 9 M. A’Iru |
P, |

elseif "= 0.2 |
DBy a5 ‘

P » (Af'.. ‘ Al.—u) L

2 Ppd, pan N, hlr.w = |

g P 1
if =0.2 |
¢q:})n.l,'l(l e ‘

», g. |

1254 8. Alm+1\fl,.” =i
¢l‘l"l .20 a9 Afr;r A',ry |
a0 |

olse it - = < 0.2 |
DAy, 120 ;

Pyy . N, s M, iyt

“z d’c"’u.l,ml A":r;r A”,~” = ‘
W22 oo ‘
'b:.—l',n.l.z') i

[ o Mry) i1l
Dok g2 D Mey) |
lso il Pas <0.2 ‘
olse . |
¢r’"u.l.2'& :

Paa -7 Maa  Mry) 4 |

2 OPrraz \Mow My)~ |

it Pas__ . ‘
o =0.2 \

¢4r1 v b2a |

2, % y |

’)14 = = A'.,z'l e M 1y, =1 |

DBed?yy pi2a 9 MM, M, |

else if
- n.L24

P24

M24

¥ =
—2 202

M,

+
2 OcPr 124

+
M, M

IA
o
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Appendix C — Truss 3 Calculations
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g%y g 9

g 10 4511 4, 22 5, 13

13 u 14 15 15

o

7o, 18

e 21

ll]19 20

19

n2 g

n

23 as 24

(T

W

g

w 56

(IR 57

W

60

ot

a2 at Al

U] n

@

w

71

3 oaz 388 MW g0 39 /035 wAD F7 M gsay U5 3 /AA2 p1 32 /24300

F,:=36 ksi

F,:=58 ksi

(vield stress)
(ultimate stress)

Structural Analysis (from SkyCiy)

R; :=51.636 kip

Ry:=51.636 kip

3 3544 W 0 3345 I2 2931 4630 W4 M yas w0

Compression + Bending Compression Tension
P,;:=95173 kip M;:=3974 kip-ft P;3:=5371 kip P,5:=107.008 kip  P;;:=107.008 kip

P,:=92.708 kip
P,:=158.72 kip
P,:=158.72 kip
P;:=208.294 kip

M;:=2301 kip-ft
M;:=2302 kip-ft
M,:=2301 kip-ft
M;:=2.302 kip-ft

P3p:=53.759 kip
P,;=331 kip
P,:=40.802 kip
Pui=331 kip

Pu:=127.836 kip
Py-:=127.836 kip
Py:=185.106 kip
Py:=185.106 kip

Pyp:=47.193 kip
Py;:=35.785 kip
P s:=24.962 kip
Ppi=14.426 kip

Pg:=208294 kip  Mj;:=2301 kip-ft P,5:=29.746 kip P;:=227324 kip  Ps,:=4.171 kip
P.:=243343 kip  M-:=2.302 kip-ft P:=331 kip Py:=227324 kip  Ps,;:=1514 kip
Py:=243383 kip  M;:=2.301 kip-ft Ps:=18.99 kip P;;:=255356 kip  Ps5:=1514 kip

Py:=264.533 kip

My:=2302 kip-ft

Psy:=331 kip

P33:=255.356 kip

Ps-:=4.17 kip

Pypi=264533 kip  Myy:=2301 kip-ft Ps;:=8.592 kip P3:=269.895 kip  Pgyi=14.423 kip

Pi=272545 kip My :=2302 kip-ft Ps;:=3261 kip P;5:=269.895 kip  Py3:=24.959 kip
Pp,:i=272545 kip  M;:=2301 kip-ft Pss:=3.26 kip Pisi=271571 kip  Pgy:=35781 kip
Py5:i=272545 kip  My5:=2302 kip-ft Ps;:=8.593 kip P,:i=271571 kip  Pgy:=47.189 kip
Pyi=272545 kip  M;;:=2.301 kip-ft Ps,:=3309 kip P.;:=269.894 kip

Py5:=264533 kip
Pys:=264533 kip
Py-:=243323 kip
Py3:=243323 kip
Py5:=208293 kip
P,y:=208.293 kip
P, :=158.72 kip
P,,:=158.72 kip
P,5:=92.708 kip

M;5:=2.302 kip-ft
My5:=2.301 kip-ft
My7:=2.302 kip-ft
Mys:=2.301 kip-fi
Myo:=2.302 kip-ft
M,,:=2.301 kip-ft
M, =2.302 kip-ft
M,,:=2301 kip-ft
M,;:=5.832 kip-ft

Py :=18.992 kip
Py,:=3.309 kip
Pys:=29.748 kip
Pys:=3.309 kip
Py-:=40.805 kip
Pgyi=331 kip
P.,:=53.763 kip
P;;:=5371 kip

P,,:=269.894 kip
P,5:=255354 kip
P1s:=255354 kip
P--:=22732 kip
P5:=22732 kip
Py:=185.102 kip
Pjy:=185.102 kip
Py :=127.83 kip
P;,:=127.83 kip

Pyi=95172 kip  M,;==3.974 kip-ft

L;:=885ft L;y=556ft Ly:=556ft Ls=1113ft Ly:=649fr L5;:=886ft Lg:=877ft
L,:=885ft L;;:=556ft Lyp=556ft Ls=1113ft L;:=859ft L;;=886ft Ls:=673 ft
L;i=556ft L;;:=556ft L;;:=885ft Ly:=11.13ft L;:=859ft Ls;:=696ft Ly:=8.68 ft
Ly=556ft L;;:=556ft L;:=885ft Ly:=1113ft L,;:=661ft Ls:=895ft Ly :=8.68ft
Li=556ft  L;5:=556ft L;;:=1366ft Lys:=1113 fr L;;:=868 f Ls;:=895ft Ly:=661ft
Lji=556ft L;zi=556ft Ly=11.13ft Ly=11.13ft L;;i=868 ft Ls;:=696ft Lg:=8.59 ft
L;:=556ft L;;:=556ft Ly=1113ft L;;=1366ft L;;=6T3ft L;;:=886ft Lg:=859ft
Lg=556ft L;5:=556ft Ly=1113ft Lyy:=T.14ft L;:=877ft Ls;;=886ft Lg3:=649 fr
Lo=556ft  Lyp:=556ft Ly:=1113ft L;p:=851ft Ly:=877ft L5;:=684ft Lg:=851f¢
L10 =556ﬁ L20:=5.56ﬁ L301=11.13ﬁ L40:=8.51ﬁ L50:=6.84ﬁ L60:=8.77ﬁ L¢0:=S.51ft

Lav==T.Y5:4%
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Existing Double Angle Members - 6" x 6" x 7/8"

BP, victime =632 kip  (double angle tension value per AISC steel manual under yielding)

8P, yupeure =635 Kip  (double angle tension value per AISC steel manual under rupture)

¢Rn =min (¢tPn,3*ialding ’ ¢rPnrupmrs) =632 kzp

6P, 4:=609 kip
8P, 5=581 kip
8P, =545 kip

6P, 10:=501 kip

(double angle compression value per AISC steel manual under L.=4 ft)
(double angle compression value per AISC steel manual under L =6 ft)
(double angle compression value per AISC steel manual under L =8 ft )

(double angle compression value per AISC steel manual under L. =101t )

LRSI
$Prrs:
OLPn1st
OLPnrst
@cLnis:
$Prist
OPrr:
OPrs:

$.Bss
PN £t i)
nam
4P,z

SPrrist

OLu114
8Pu11s
b Pp11s

10 fi—8 fr

10 fi—8 fr
¢an.6_¢cPrz.4
6 fi—4 fi
¢¢~Pn.6—¢an4

6 fi—4 ft
¢tPn.0_¢tPn4

6 fi—4 fi
¢an.6_¢an4
6 fi—4ft
$ePno—bPny

6 fi—4 fi
¢an.6_¢cPrL4

6 fi—4 fi
¢¢‘Pn46_¢an.4

6 fi—4 fi

6 fi—4 fi

6 fi—4 ft
L ¢an0'_¢an_4

6 fi—4ft
T\ es—as
Tepan
6Lag—bFns
6 fi—4 ft
_(éPrs—bPus

6fi—4ft

¢an.10_¢an8
¢an.10_¢an.8

il L5 0Fs

Jeo ¢an.6_¢an.4
Al ¢an.6_¢an,4

“(L;—8 fi) + ¢.Prs=5263 kip
“(L;—8 fi) +6.P,5=5263 kip
“(L;—4 fi) +¢.P, ,=587.16 kip
“(Ly—4 fi)+¢.P, ,=587.16 kip
- (Ls—4 ft)+4.P,4=587.16 kip
-(Ls—4 fi) + 6P, ,=581.16 kip
-(L;—4 fi)+¢.P, ,=587.16 kip
“(Ly—4 fi) + P, ,=587.16 kip
“(Lo—4 ft) + 6P, 4=587.16 kip
“(Lip—4 fi)+¢.P,,=587.16 kip
“(Ly—4 fi)+¢.P,=587.16 kip
“(L1z—4 fi)+¢.P,,=587.16 kip
“(Lis—4 fi)+6.P, 4=587.16 kip
“(Lys—4 fi)+6.P, ,=587.16 kip
*(Lys—4 fi)+4.P, =587.16 kip

*(Lig—4 fi) +6.P,4=587.16 kip
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SPuriz:
OLPnr1s=
OPrrio=
OLPrr20=
GPrror*

$Pp122i=
OcPr125=
OLPnr2et=
$Prrsgi=
$cPr1sot

I

OLPrrer=
OLnrss=
OLnrss=
$cPr1sri=
OLPprss=
¢Fn161=
OPy1607=
GPrrsrt

L, 17p=
S LPrrrr=
clear (qS,P,L o’)

¢an.6_'¢an.4
¢0Pn.6_¢¢Pn.4

¢5Pn,6_¢cpn4
¢cPrL6_¢an4

6 fi—4 ft

6 fi—4 fi
¢an6 ¢rpn4

6 fi—4 fi
¢an6 ¢L‘PPL‘

6 fi—4 ft
6fi—4 ft

6 fi—4 ft

PLPn1o—0LPns

10 i—8 ft
B 10— P

10 fi—8 ft

¢an,8 IE ¢0Pn6

8 ft—6 ft

8Ln10— L5

10 fi—8 ft

S L1005

10 fi—8 fi
P10~ PLPrs

10 fi—8 ft
SPn10— 9L ns
10 fi—8 ft

¢an10_¢an.5

10 fi—8 fr

OLn10— L5

10fi—8 ft
PPr10—PPrs

10 fi—8 ft
S Ln10— 0L ns
10 fe—8 f

OLn10—0Lns

10 fi—8 fr

¢CP71.1‘9 _¢an.8

10 fi—8 fi
¢an,5_¢:Pn6

8fi—6ft

“(Li7—4 fi) + 9P, 4=587.16 kip
- (Ljs—4 fi) +¢.P, ,=587.16 kip
“(Lyo

)

—A )
*(Lp—4 fi)+8.P, 4=587.16 kip

7)

“(L;—4 fi) +9.P,,=587.16 kip

*(L25—8 fi) +8.P,5=5263 kip

*(Lyy—8 fi) + 6P, s=5263 kip

“(Lsz—6 f1) +6.P,, s=560.48 kip

* (Lsg—8 fi) + ¢.Pys=533.78 kip
*(Lyy—8 fi)+ P, s=532.02 kip
*(Lys—8 ft) +8.P, ;=530.04 kip
*(Lsg—8 f1) + 8P, 5=528.06 kip
* (Ls;—8 fi) + $.Py5=526.08 kip
* (Lss—8 fi) +8 P, s=526.08 kip
*(Lsy—8 fi) + ¢.P, s=528.06 kip
* (Lgs—8 f1) + 6P, ;=530.04 kip
* (Lo7—8 ft) +.Pps=532.02 kip
“(L7p—8 fi)+ 8P, s=533.78 kip

)- (L71—6 fi)+8.P,s=5603 kip
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Existing Double Angle Members - 3" x 3" x 1/4"

BL victding1 =933 kip (double angle tension value per AISC steel manual under yielding)

L vuprure1 =94 kip  (double angle tension value per AISC steel manual under rupture)

¢Rn1 =min (¢z‘P nyieldingl 1 ¢1P n.rupturel ) =933 kip

6P 5:=67.9 kip
8P, =605 kip

8ePurri= %
bPrrir= %
b.P1spi= ¢¢§’ ﬁ:?;o
bPrsssi= %
I ﬁ;»};_?clf';no
bPrsssi= %
b Prrssi= %

(double angle compression value per AISC steel manual under L =0 ft )

(double angle compression value per AISC steel manual under L =7 ft )

“(La—6 f1) + 9P, s=64.274 kip

*(L4s—6 i) +¢.P, s=63.386 kip
* (Ly>—6 fi) +¢.P, ;=62.498 kip
* (Lsg—6 ft) +¢.P, s=61.684 kip
« (Ls3—6 fi) +.P,.s=60.796 kip
* (Lss—6 fi) +¢.P, s=60.796 kip
*(Lso—6 f1) +¢.P, s=61.684 kip
*(Lg2—6 f1) +¢.P, 5=62.498 kip

* (Los—6 f2) + §.P, s=63.386 kip

* (Lgs—6 fi) +¢.P, s=64.274 kip
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Tension Design Check

OR,>Py5=1
$R, >Py=1
$R,>Py=1
SR, >Py=1
SR, >Pro=1
$R,>Psy=1
$R,>Py=1
$R,>Ps;=1
$R,>Ps;=1
$R,>Psy=1
¢R,>P;55=1
#R,>Ps=1
$R,>Pr;=1
SR, >Pr;=1
¢R"2P74=1
¢R"2P75=1
$R,>Prs=1
$R,>P7;;=1
¢R,,ZP75=1
#R,>P;=1
PR, >Psp=1
R, >Ps =1
9R, >Ps=1

¢R,>P;;=1
PR, >Py=1
¢RnZP43=1
PR, >Pys=1
PR, >Pyp=1
$R,>Ps5;=1
$R,>P;,=1
$R,>Ps55=1
$R,>P5;=1
$R,>Pgy=1
$R,>Pg=1
PR, >Pys=1
PR, >Pgo=1

Compression Design Check

@Pnr3s>Ps3=1
PPrr30=P3o=1
P11 2Py=1
@Ppra2>Par=1
PPnres=>Pey=1
PPpras>Pes=1
B LPp147>Pyr=1
P LPur4s>2P =1
S LPr50=>Psp=1
8 LPpr512Ps5 =1
L1532 Ps53=1
$P156=>Pss=1
PPrrss>Pss=1
BPyr50>Psg=1
8Lp11=2Ps =1
P16 >2Ps=1
SPpr5a=Ps=1
B L1652 Pss=1
L1572 Ps5=1
$Pr5s>Pss=1
@Prr70>Prp=1
P11 >Pr =1

Compression + Bending Design Check

(for top chord only = 6" x 6" x 7/8")

My =F,Z,=822 kip-ft ~ My:=F,~Z,=1059 kip-ft

Z=2T4in’ Z:=353 in’
M, =0 kip-ft
| By
it >02
PePnr
L M M,
R e
¢cP nlLl 9 -‘Mcx -‘Mc:.'
P
else if : <02
nlLl
P, [MI Mm]
— | —4+—|<1
2 ¢4'Pn.l.1 "‘ch "‘lc_v

. P,
il 2 gy
P12

P, 8 (M M,_,.]

<1

+
My M,

P12 9

X b | 32
else if <0.2

nl2

Pa

2

M, M,
) :
2 6.Pur2

+
M, M,

Mex

<1
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AR

¢cP nl3

P 3 + 8 L 1’4‘3
$Purs 9 \ My
else if Py
cP nl3

i

<02

24P,

o Lenidl<
OLy15 9

P-

else if 2
nl3
Ps M, M,
—t o B
2 ¢0P nli "%x "‘lc_v

P-
—>02
¢0Pn.L..'

Ps 8 (JM,-

X

<02

if

GPprr 9

else if

<02
nl?
P

‘ M, M,
2 ¢C’P nl7

il o
if 2
¢cP nlL9

P ‘M AM L
g + § . g — [ad
SLuro 9 \M, M,
5
elseif 2 <02
¢rP nl9

>02

?; 8 ( M- an

M,
e B |
_MQ.

Ps M, M,
+ S+l

M,
+—|<1
M, M-L1=5

oy

J<:

‘Mcx .'Mcy

o O PR TN Bt $l

<1

Py M, M,
+ + - 5 1
2P, \M, M,

Py

if >0.2 .
¢CP7LL4
P 4 M.
: + 8 - M4 + M".\» Sl
¢¢.'Pn41.4 9 "‘ch A{‘.“
else if 2 <02
an4L4
P4 ﬁ{, "Mn
5o L e L%l g
2 ¢L‘Pn.L4 “‘ch 1‘4@7
P
if ¢ >0.2 1o
¢0Pn.L6
P ‘M .‘M 3
: +§-( op ’-")sl
$Pnrs 9 \M, M,
P
elseif — % <02
Pats
L My M,
_6____'_ '] e v SI
20Pure \ Mo M,
——F
¢0Pn.L8
P -'M .\M 3
g +§- 4 3 i st <1
Purs 9 \ My M,
P
elseif — 2% <02
tPn.Lﬁ
F M, M,
e | o S ] o
2¢Pus \M, M,
P
pemer LIS =
8.Pyu110
P ‘M .M -
L 8 w0, M)
Purio 9 \ M, M,
P
elseif 1% <02
nLI10
P *M .'W v
o (Mo M)
2P0 \Mn M,
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else if

else if

else if

else if

E7|
L1
)
fa 48

;cP rLLH’ 9

>02

cP nlll

Py o (
2 ¢anAL11 e

¢ P13
Ly 113
Py3 L2 8 .

Ly 113 9

Py

L1213

>02

qu (
2L, ps \!

PIS

8Ly 115
P +§

8Ly 9

>02

nlLl3

Pys o
2 @Pprs |\

P,
P17

Py; +§.
@Pnrrr 9

(38

>0.

Pari7

Pl- (
SL.s AR
2¢P,11; \!

P
2 <02

<02

P,-
L <o)

<0.2

P
it 500 =1
BPrn112
Py, M, M.
41‘,A+§. ot <1
¢cP nLl2 9 J]'f{cx “4;_1'
& P
else if 2 Leb
Pz
PIZ + ‘\41.‘.{_-“4(\‘ Sl
2 ¢cP nll2 “‘/!cx “lc_\;
Puy >02 =1
BLpr1s
Py +8_ MM+ M, <1
¢LP7LL14 9 "Mtx ‘lc.t
else if Pra <02
S P14
P | (M, M, <1
2 ¢an.LH -‘mx *V
Pre >02 =1
8Lp115
P M, M,
L= Tk S 1
¢cP nlLl6 9 ‘M;'x “{c_v
P
elseif —% <02
nLi6
P M, M,
St | (R [ OIS <1
2 ¢cP nlLld “‘/!cx “lcy
P
8 S0 =1
BcPr11s
P M, 1/1
5 8 8 [Mis + <1
¢L‘P nLIl8 9 *Mcx 3‘4@'
P
elseif — <02
P:Pnr1s
B M, M,
o T e LAY <1
2 ¢€P nLl& "‘/!cx “lcy
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PIQ

if >02
OPnr1g
P M, M
19. & | M9 My <1
¢0P nLi¢ 9 -‘Mtx "m_v
P
else if Y _z02
L1190
P M, M
19 (M My <1
2 ¢cP nlLl9 -'Mcx Alcy
&a P:\I
if ——>02
OLy121
P, M, M.
= B
¢CP nl2l 9 ‘Mcx “lﬂ.
e 9
else if <0.2
nl2l
P My, M,
21 Vi3] < 1
2 ¢6P nl2i ‘Mcx ‘%y
it L >02
@.Ly 123
My; M,
Py3 i 8 [M:s e APS
¢0P nL23 9 ‘Mcx "w‘c_‘.'
else if P <0.2
nl23
Py My M,
+ st P!
2 ¢cP nl23 "Mcx “{c_v

.| Pgp
if >02
@cPrr20
P, M, M.
0 8 (M0, My <1
¢cP nL20 9 *Mcx *‘lc_v
P,
else if 2 a2
P10
P, M, M
20 ] 40+ LA Sl
20w \M. M,
P,,
fe. 2 ~pio
P12

g P2'1
elseif — = <02

nl22
P;; M; M,
s )
2 ¢¢'P nl22 "‘lcx ‘\lcy

P*)
if 2 ~p9
¢anL24

Py B My +M,_\~
S Lur2e 9 \ M,

ex ey
P
else if A" 102

BPy124

Py My M,
+ et £ |
2 ¢cP nlld M, Alc'_v

L
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DCR;
DCR 26

DCR,,

DCR5:=

DCR4:

DCR3y:

P,

=% =0.169
R

n

P
=20 _0202

"

e

=—"—=0202

DCRyi=—"—=

DCRjz =

DCR;:
DCRy:
DCR;;
DCRyy:
DCR;,:
DCR-3:

DCR,

Deflect;

P
=23 _0427

"
B

R,
i P

¢R,

Py
=27 _0427
4R

=043

=043

n

P.
=" —0427

n

ion Check

L:=146 fr+8 in

Ay i=——=4.889 in

L

~ 360

4,4 =3413 in

Amax>Amid= 1

Pre
DCR:5:= }‘; =0.404

n

P?g
DCR B —=——= 0.404
R

n

P

DCRyi=—12=0.404
#R,

DCR:= P};’ =0.404

n
DCR:= Pr _o43
n

P
DCRgp:=—22-0.293

P n
DCRgy:=—1=0202
¢R,

DCRgy:= : ;‘" =0.202

n

DCR;;:= Ps7 _0.160
P
DCRig=——2 =001

PcPn1ss
DCRypi=——2=0.101

DCRyy=-* =0.075

DCRy = =0.051

(from skyciy)

nL358

DCR;p:= P _o0s4
anLf_O
DCRg:=—22=0.023
P
DCRy,:= =0.036
n Lol
DCRgi= % =0053
nld2
DCRyz:=" % =0.039
n
P -
DCRyy:= =0.056
nldd
DCRg:=——"=0.052
nlLos
DCRg="0 =0.057
DCRg:= % =0077
nl07
DCRgs==—2 _=0.051
nL08
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Appendix D — Girder Re-Design Calculations
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W24 x 62 (girder 3 - girder 7)

R, :=84.415 kip Ry:=84.415 kip (From SkGCiv)

Unbraced length (b/w each truss)

Ly:=T7 ft

Moment Check:

M, ..==590.898 kip - ft
Oy M, =635 kip-ft

if ¢b"wn = ‘Mmtzx
” return “Adequate™
elseif ¢, M, <M, .

” return “Inadequate™

M,

DERy =% — (1902
by
Shear Check:

Vo i=63.63 kip
85V, =295 kip

if 37,2 Vi

” return “Adequate™
elseif ¢V, <7V,

“ return “Inadequate™

DCR,,.:=»¢,"1I‘;€=0_216
5" n

(From SkyCiy)
(W24 x 68)

="Adequate™

(From SkyCiy)
(W24 x 68)

="Adequate™

clear (Ry , Ry, Ly s My $5My, Vg s 83V » DCRyy, DCRy)
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W24 x 62 (girder 8)

163648 ko

R;:=163.679 kip Rp:=103.737 kip

Unbraced length (b/w each truss)

Ly=T1/1

Moment Check:

M, =729417 kip+ft
¢bJMn =745 kzp 'ft

if ¢b-‘Mn Z‘Mmax

|| return “Adequate™
elseif ¢, M, <M, .

|| return “Inadequate™

M,
DCR,==""%=0.979

54"
Shear Check:
Ve i=142.545 kip
67, =315 kip

if ¢b Vn = Vmax
|| return “Adequate™
elseif ¢, 7, <V, 0

” return “Inadequate™

V
DCRy=—"% 0453
5" n

clear (RL s Ri s Ly s My s 85My s Vi s 85V, s DCRyy, D CRV)

(From SkyCiv)

(W24 x 76)

="Adequate”

(From SkyCiv)
(W24 x 76)

=""Adequate”

(From SkyCiy)
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W24 x 62 (girder 9)

R;:=103.212 kip Rp:=77.454 kip
Unbraced length (b/w each truss)

Li=Tf

Moment Check:

My :=722.904 kip - ft (From SkyCiy)
¢ M, =837 kip-ft (W24 x 84)

if oM, >M, . ="Adequate”
” return “Adequate™

else if ¢ M, <M, ..
” return “Inadequate™

M,

= =0.864
dpM,

DCR) =

Shear Check:
Ve i=17.454 kip (From SkyCiy)
65V, =340 kip (W24 x 84)

if @V, > V,ooe ="Adequate™
” return “Adequate™
elseif ¢, 7, <V, .

” return “Inadequate™

Vmax
DCRy:= =0.228
¢an

clear (Ry , Rgs Ly, Moy, 853, Vi 85V, DCRyy, DCRy)
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W21 x 68 (girder 12 - girder 16)

R;:=81.691 kip Rz:=81.691 kip (From SkvCiv)
Unbraced length (b/w each truss)

Ly=11ft

M, ..=3590.898 kip-fi (From SkyCiv)

op M, =633 kip-ft (W21x73)

if o.M, >M, . ="“Adequate”
" return “Adequate™
else if ¢, M, <M, .

" return “Inadequate™

M,
DCRyi=—7% —0.933

biVin
Shear Check:
Ve i=61.267 kip (From SkyCiv)
&V,:==272 kip (W2ix73)
if §pV,, > Vipar ="Adequate”™

" return “Adequate™
else if ¢,7, <V, .

" return “Inadequate™

V.
DCRp:= "% =0225

5" n

clear (RI_ 1 RR ’ I'b E) -‘Mmax ) ¢b-‘Mn ] Vmax N3 Vn 3 DCR}.{ ’ DCR I")

Appendix D — Column Re-Design
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Column 3-7
Ry;=84415 kip  Rgy:=84.415 kip

P,:=Rg,+Rg, =168 83 kip

6.P,:=216 kip W21 x 101)

if ¢ P,>P, ="Adequate”
" return “Adequate™
elseif ¢ P, <P,
" return “Inadequate™
P

L0782
6.P

< n

DCR:=

clear (Rg; R, P, ,6.P,, DCR)
Column 8
Rgy:=84415 kip  Rgy:=163.674 kip

P,. :=RG} +RG.7 =248.089 klp

6P, =270 kip (W21 x 132)

if ¢ P, >P, ="Adequate”
" return “Adequate™
elseif ¢.P, <P,

Pr
DCR:= ; =0.919

n

return “Inadequate™

clear (R, R¢;, P, ,8.P,,DCR)

RGLS Consulting, LLC
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Column 9-10

Rg:=103.737 kip  R;,:=103.212 kip
P,:=R;;+R;;=206.949 kip

6.P,:=270 kip (W21x132)

if ¢.P,>P, ="Adequate”
|| return “Adequate™

elseif ¢ P, <P,
|| return “Inadequate™

DCR:= ¢P' =0.766

n

clear (R, ,Rg;, P, ,4.P,, DCR)

Column 13-17
R;;:=81.691 kip  Rg,:=81.691 kip
P,:=Rg;+Rg;=163382 kip

6P, =216 kip (W21 x 101)

if §.P,>P, ="Adequate”
” return “Adequate™

elseif ¢.P, <P,
|| return “Inadequate™

P g
DCR:= =0.756

i n

clear (Rg,;,Re;, P, ,4.P,, DCR)
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Column 18

R :=81.691 kip Rg:=158.785 kip
P =R +R;,=240.476 kip

¢.P,:=270 kip (W21x132)

if ¢.P,>P, ="Adequate”
” return “Adequate”

elseif ¢.P, <P,
” return “Inadequate™

b =0.891

n

DCR:=
clear (Rg; , Ro2, Py, 8P, DCR)

Column 19-20

Ry :=158785 kip  R;,:=103.212 kip
P :==R;;+R;,=261.997 kip

.LPy:=270 kip (W21x132)

if .P,>P, ="Adequate”
” return “Adequate™

elseif ¢ P, <P,
” return “Inadequate™

P}’
DER=-_' =097
¢

n

clear (R¢,;,R¢;,P,,¢.P,,DCR)
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RHS Side

4e
4118
311:
I |
W-shape: 24x84
A:=24.7-in” d:=24.1-in b;=9.02-in  t,:=.470-in tp=.7T-in
Assumed 6"x1/2" plate Solid square bar: 1.0"x1.0"
bpf::6'1:n tpf:: .5'2-‘". tsb:: I.OOin
Ype=((d+1tpr) —Yp) — 24.6-in—1.0-y,
2
Agi=bypety ot trebetty, ) Ay=bpet +2:t,° +1,0 (Yl —ty)
solve , Yy,
A=A, 13.748829787234042553 -1
Yp = 13.748829787234042553 «in Y= ((d+1,7) —yp) =10.851 in
ym+ypl=24.6 in
ZxX moment area
tpf e i3 tf -3
Z:r:l ::bpf. tpf' ypc_? =31.804 n Z:I:Z::b_f.tf' ypc_ tpf‘*‘E =69.219 n
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Zpgi=t,,- (y,,c— (tpf+ t/)> T ( L (;Pf+ tf) ) =21.573 in® Y= (tf+ 5. t_,b) =12.479 in

s=2tgy” » (Ypo— (tr+-5-1y)) =24.958 in®

I

Zpy=ty" (Yp—1ty)- (iy’”—;tﬁ) =39.586 in’ Z

t, 5
Zipgi=1pbpe|Yp— 5 =92.817 in
Zyi=Zgy+ Zgn+ Zis+ Zpy+ Ly + Z,6=279.956 in® F,:=36 ksi

F,-Z,=839.867 kip- ft

M, :=.9-F,-Z,=755.881 kip- ft M, :=722.9 kip- ft
MV"
DRC := =0.956 Moment Check
My, My <Mp=1
1.12
W24x84
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
Gpy=-9 Agi=A+ (bypetp) +2-1g° OPpyi= - Fyy e Ay =962.28 kip
Ay i=d-t,=9.836 in® Cp=1 Vari=61.267 kip
Shear Check
Vypi=.6:F,A,-C,, =212.447 kip Vinaz<Va=1
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[41F:8

clear (Y., Yp)

W-shape: 21x73

A:=21.5-in® d:=21.2-in bj:=8.3-in lyyi=.455-in Lp:=.T4-in
Assumed 6"x1/2" plate Solid square bar: 1.0"x1.0"
bp!:=6-in Lyf=-5-in ty:=1.0-2n

Ype=((d+tpr) —Yp) = 21.7-in—1.0-y,,

Ap=bpptprttpbptty -yl Ayi=bpotp+2-ty” +ye (Upi—1)
solve , yp,
A=A, 12.318901098901098901 - in

Yy == 12.318901098901098901 - in Ypei=((d+tpy) —Yp) =9.381 in
Ype+ Yp=21.7 in

Zx moment area

| tpf 202 dand 7 tf = K o3
Zﬂ;];:=bpj'tp]' Ype— > =27.393 in 4¢¢:=bfct/. Ype— | tpr+ 5 —52.275 in
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Zeg=tw* (Upe— (tpr+1t5)) - (W} =15.078 in® Ype— (L +.5+1y) =11.079 in

Zodi=tw (Yp— 1)+ ( (y”‘; ) ) =30.501 in® Zygi=2+tg" * (Yp— (ty+ .5+ 14)) =22.158 in®

- t -
‘%{d = tf' b/" (ypl.— ?!) =73.39 in®

Zfi=Z gy + Zigo+ Ziga + Zigy + Zigs + Z s =220.796 in® F,:=36 ksi

F,-Z,=662.387 kip-ft

M, ):=.9+F,-Z,=596.148 kip-ft M,,:=571.83 kip-ft
= ] Mp,
DRC := v =0.959 Moment Check
M, <M,=1
1.12
W21x73
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
M Afi=A+ (bppetyy) +2-1° P, =y Fy - A,=858.6 kip
A,=d-t,=9.646 in’ Cil=1 V inad=61.267 kip
; Shear Check
V,:=.6-F,-A,-C, =208.354 kip Voar < Va=1
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[
clear (ypc X ym)

W-shape: 21x73

A:=21.5-in® d:=21.2-in bj:=8.3-in tyj:=.455-in tg:=.74-in
Assumed 6"x1/2" plate Solid square bar:
1.75°% 175

bp[:=6'iﬂ tﬁ::.s'iﬂ 't_w:=1.75~in

P.
A ((d+tp,) —ym) —21.7-in—1.0-yp,
Agi=bppetyrtteebpt by ypd Ayi=bpetp+2-14° + by, (Upd—ty)

solve , y,,

A=A, 7.7859340659340659341 -in

Ypy = T7.7859340659340659341 - in Ype:=((d+1ty) —yp) =13.914 in
Ype+ Ype=21.T in

ZX moment area

7 ) tpf =t | tf - 3
erl,:=bp_,-tp,- y,,c—7 =40.992 n Lggi=bpeleeYp.— tpf+? =80.117 in

Ype— (Lpr+ 1t E K
Zadi=tw (Ype— (tpr+ty)) - (W) =36.544 in® Yp— (Lr+-5-1y) =6.171 in
7l (yp—ty) ;3 Za: 2 5 ind
ZeA=tw" (Yp.—tr) - e =11.294 in e4i=2tw = (Yp— (tr+-5-tw)) =37.797 in

tf E B in 3
%@G:=tf'bf' YUpe— 5 =45.549 in
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Zi=Z gy + Z oy + Zos+ Zpy+ Zpg + Z16=252.293 in® F,):=36 ksi

F,-Z,=T756.878 kip-ft

M,):=.9-F,-Z,=681.19 kip-ft M,,):=677.67 kip-ft
M,
DRC := =0.995 Moment Check
ps M, <Mp,,=1
i 24
W21x73
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
Dyy=-9 Agi=A+ (bypetpr)+2-15° OP )=y Fyy» Ay =992.25 kip
A,:=d-t,=9.646 in’ C,i=1 V nad:=99.948 kip

Shear Check
Vi=.6-F,-A,-C, =208.351 kip Vo= Vo=

clear (ypc , ym)

W-shape: 21x68

A:=20.0-in> d:=21.1-in b}:=8,27-in tw:=_43.in tf==.685-in
Assumed 6"x1/2" plate Solid square bar:

-+ 1.25"x1.25"
bpfzzeciﬂ 'tpﬁ:: Bin t.@b:=1'25'in

Ype=((A+1pr) —Yp) — 21.6-in—1.0-y,,

2
Api=bpyt, +to-b+ tw-@ Ap=bet, +2-15% +1,,- @— ts)
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solve ,y,,
A=A, — 10.997151162790697674 - in
Ype:=10.997151162790697674 - in Ype=((d+1tp) —p) =10.603 in
Ypet Yp=21.6 in

Zx moment area

tpf -3 tf -3

Zgi=bppotpre | Ype— 5 =31.059 in Zpy:=bpetoe | Ype— |ty + = =55.292 in
: —(t,p+1t
Zgr=tw (Ype— (tpr + 1)) - (W =19.07 in’ Ypi— (ty+.5-1y) =9.687 in

) (yp‘_tf) Az PR s | 7 . 2 IS . 3
Zizdi=1to* (Yp—1s) * 5 =22.863 in Zpdi=2+tg * (Y= (ty+-5-1g)) =30.272 in
‘ t; -
ZId::tf.bf. yp‘—? =60.358 n
Z=Z s+ Zpy+ Zog+ Zipp+ Zps + Z 1= 218.914 in’ F):=36 ksi
F,-Z,=656.741 kip-ft
My:=.9-F, - Z,=591.067 kip-ft M, :=571.83 kip- ft
e
DRC:=——=0.967 Moment Check

My, M, <M,=1
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1.12

W21x68
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
Dyfi=-9 Agi=A+ (bps-ty) +2-1,° OGP,y =Py Fy - A,=846.45 kip
A,)=d-1,=9.073 in® C,=1 V naz*=61.267 kip
Shear Check

Vii=.6-F,-A,,-C,,=195.977 kip Voaz<Vp=1
LHS:
clear (Y, Yp)
W-shape: 24x62
A:=18.2-in’ d:=23.7-in b):=7.04-in t,,:=.43-in tj:=.590-in
Assumed 6"x1/2" plate Solid square bar:

1.25"x1.25"
by=6-in  t,/:=.5-in tyi=1.25-in
Ype = ((d+ tor) — y,,,) —24.2:in—1.0-y,,
Agi=byp-tyr+tpebyt by, U Ap=bpetp+ 20ty + 1y ([Upd—ty)

solve , yp,

A=A, 12.249651162790697674 - in

Ypei=12.249651162790697674 - in Ype=((d+Lpy) —Yp) =11.95 in
Ypet Yp=24.2 in

ZX moment area

tpf =3 tf O
Zipi=bpretyr=| Ype— 5 =35.101 in Zigof=byle= | Yp—|tps+ 5 =46.335 in
y =S t f+tf . = . ~
Zag=tw* (Ypc— (tor+1ty)) - (—i’c(z’"—) =25.359 in® Yp— (L + .5+ 14) =11.035 in
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Zad=tw (Y1) ( (y"‘; ) ):29.229 in’ Zypdi=2+tg" + (Ypu— (ty+ .5+ y)) =34.483 in®

t -
Zpgi=tg-bye (ym - 3’) =49.655 in®

Zyi=Zg+ Zpo+ Ly + Zigp+ Zps + Z0g=220.161 in’ F,):=36 ksi

F,-Z,=660.484 kip- ft

Mpg:=9-Fy-Z,=594.436 kip-ft M,,,/:=590.898 kip- ft
. M,
DRC:= 5 =0.994 Moment Check
»s M, <M, =1
1.12
W24x62
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
By)i=-9 Agi=A+ (byptyy) +2-1y° OP )=y Fy» A, =T88.13 kip
Ay=d-t,=10.191 in’ Cpi=1 Vimad:=61.267 kip
: Shear Check
V,=.6+F,A,,-C,, =220.126 kip Ve <Va=1

clear (Y., Yp)

W-shape: 24x62

A:=18.2-in® d:=23.7-in bj:=7.04-in t,:=.43-in

t):=.590-in
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Assumed 6"x1/2" plate Solid square bar: 2.0"x2.0"

b,=6-in tp.é:=.5-in tsq:=2-in

Ype= ((d-i-tpf) —ym) —24.2+in—1.0-y,,
Agi=bypetyr+tpe b+t -Ypd Ap=bpetp+2-ty” + by [Upd—ty)

solve .,y
6.5810465116279069767 -in

A=A,

Yy i=8.7612790697674418605 - in Ype:=((d+1tpy) —Yp) =15.439 in
Ype t Yp=24.2 in
Zx moment area

Zo)imbyy by | e — 2L | = 45.566 in Zogimbyetye| o= [ty +L || = 60.824 i3
P i e B i Gy Ny hee \Blpe = |t | | =00 824808

L (; ot t’)] =44.265 in® Yp— (Ly+.5+1y)=7.171 in

Zsg=tw+ (Upe— (tor + 7)) (

Zot=tu (Up=1y) - ((UL:’)) =14.356 in’ Zyf=2+14" « (ypu— (ty+ -5 ty)) =57.37 in’

t :
Z@J(:z bye b;- [’!Ipc_;!) =35.166 in®

Zofi=Zgy+ Zgo+ Zipg+ Zipy+ Zps+ Z=257.547 in’ F,:=36 ksi
F,-Z,=T72.641 kip-ft

M,):=.9-F,Z,=695.377 kip-ft M,,:=694.237 kip- ft
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DRC :=:/Ii =0.998 Moment Check

s M, <M,=1

1.12

W24x62

Chapter G- Design of Doubly symmetric and singly

members for shear symmetric members to

For columns: minor-axis shear

Byf==9 A=A+ (bypety) + 215 OGP, =y, Fyy+ Ay;=946.08 kip
A)=d-t,=10.191 in’ Coj=1 Vnadi=102.851 kip

Shear Check

Vy=.6-F,-A,-C,;=220.126 kip Vinaz<Va=1

clear (Yp., Yp)
1

W-shape: 24x62 Plastic NA, assumption falls apart if solid bar

exceeds 2.5" w/o changing thickness of plate

A:=18.2-in’ d:=23.7-in  bj=7.04-in  {t,:=.43-in t:=.590-in
Assumed 6"x5/8" plate Solid square bar: 2"x2"

bpf:=6-i‘n tpﬁ =.625-in ty:=2-in

Yur ((d+ tor) — ym) — 24.325-in—1.0-y,,

Agi=bpety +ipobo+ tw-@ Ap=bpet,+2t," +1,- (— ty)
solve , Yy,
Ac = A, 7.5156395348837209302 - 1n
Yy =8.4502325581395348837 - in Ypei=((A+tyy) —Yp) =15.875 in
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Ype+ Ype=24.325 in

/X moment area

Zigi=bppet bor) g in’ Zgol:=byet t+-2||=6: in’
Zig1*=Opr=lpr* | Ypc— 2 =58.359 n 22 =0p* Ly [Ypc— prt 3 =62.116 in

Zg=tw" (Ype— (tor+1y)) - ( 201 (;"f ) ) =46.205 in® Yp— (ty+.5- 1) =6.86 in

F,+Z,=806.157 kip- ft

M,J:=.9-F,-Z,=725.541 kip-ft M,,,|:=722.904 kip- ft
MP"‘

DRC:=—"=0.996 Moment Check
My My <Mp=1
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1.12

W24x62
Chapter G- Design of Doubly symmetric and singly
members for shear symmetric members to
For columns: minor-axis shear
D=9 Agi=A+ byt +2-ty" OP, =y, 'y A,=970.38 kip
Ay=d-t,=10.191 in’ Cp=1 V maz="T7.454 kip
Shear Check
V,i=.6+F,A,-C,, =220.126 kip Ve <Va=1

Appendix E — Column Calculations
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Columns L.3-L7 (W21x83)

Rg;=84415kip  Rgy=84.415 kip

P,:=Rg; +Rg;=168.83 kip

L,...==40ft  (unbraced length for strong axis buckling)

Loy=0ft (unbraced length for weak axis buckiing)
T

L= 4"; =8.439 ft (transition of strong axis buckling to weak axis buckling L_)
§.Ps+=597 kip
$Pygi=566 kip
¢cpn D ¢cpn_8 .
4.P, = (— «(L,—8 f1) +8.P, s=583.397
P, Y Y ( S)+8.P,s kip
if .P,>P, ="“Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif § P, <P,

" return “Inadequate - reinforcement needed”

P’
DCR:= 3 =0.289

"

clear (Ro; s Rozs cPrss $ProsPrsLoresLogy s Les 8Poy DCR)
Column L8 (W21x83)

Rg;=84415 kip  Rgy:=123.955 kip
P,:=Rg;+Rg;=208.37 kip

L..:=40ft (unbraced length for strong axis buckiing)

L =0/t (unbraced length for weak axis buckling)

= j‘;: =8.439 ft (transition of strong axis buckling to weak axis buckling L_)
$.Py5:=597 kip

$.P, o:=566 kip

¢cpn9 0 ¢rpn.8

¢¢pn:=( Shin )-(Lc—Sﬁ)+¢ans=583.397k2p
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if 9.P,>P, —="Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif 9 P, <P,
” return “Inadequate - reinforcement needed”™

DCR = Pr =0.357
9Py

clear (Rg; s Ro2:0cPnsy9cProsPrsLexes Legys Loy 9cPny DCR)
Column L9 (W21x83)

Rgp=101224 kip  Rg;:=103.272 kip
P,:=Rg;+R5;=204.496 kip

L.=40ft  (unbraced length jor strong axis buckling)
L.=0ft (unbraced length for weak axis buckling)

L
B= 5 ‘73 —=8.430 ft (transition of strong axis buckling fo weak axis buckiing L_)

OcPrg:=397 kip
cPr0:=366 kip
¢cpn9_¢cpn8 ; .
O Lyi=|————— |+ (L —8 f1) + =583.397
.cpn ( gﬁ—Sﬁ ](c ﬂ) Qcpns kp
if 9. P, =P, ="Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif ¢ P, <P,
Il return “Inadequate - reinforcement needed”™

DCR:= Pr =0.351
9P,

"

clear (RG! ’RGJ,.écpno"¢¢'Pn97ancn7Lc._t}',Ln¢cmeCR>

Column L10 (W27x84)
RG] —_ 77.454 k@ RG} 1-——3938 k.w
P,:==Rg;+R;,=81.392 kip

L =01t (unbraced length for strong axis buckling)
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L=10/t (unbraced length for weak axis buckling)
L ::Lc._v_\f: 10 ft

0cPyi=333 kip

if 9 P, =P, ="Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif 9 P, <P,
" return “Inadequate - reinforcement needed”

P
DCR:= 3 T =0.153

3

clear (RGI1RG2’gjrpné"¢cpn.°3Pr’Lc.u’L:.3-}'?Lc ’¢5Pn’DCR)

Columns D3-D7 (W16x77)

P’ ::RGI+RGE: 163382 k.w

L, =305t (unbraced length for strong axis buckling)

L
L= 2‘;‘;‘ =10.777 ft (transition of strong axis buckling to weak axis buckling L_)
0Py 10+=369 Kip
0Py 11 +=549 Kip

(9 LPn1i—8Pnro)

@ P, =|lcnl Tcnloy,(f . —10 ) +¢.P,,,=553.452 K
-cpnxx k llﬂ—IOﬂ J(c.’D[ ﬂ) -rP?LIO km
if 0.Pp =Py ="Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif ¢.P, .. <P,
" return “Inadequate - reinforcement needed”

P,

=0.295

DCR,_, =
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Ln=171ft (unbraced length for weak axis buckiing)

6Py =411 Kip

if 9.2, . >P, ="Adequate - no reinforcement needed™
” return “Adequate - no reinforcement needed”

elseif ¢.P, . <P,
" return “Inadequate - reinforcement needed™

i =0.295

DCRJ). = F

clear (RGI ,RGZ ] ¢cpn]0 ] ¢cpn11 L] pr 9chx 3Lcﬂ'aLc.;.;r iLc L] ¢cpmor ] ¢cpn_\;1= 1DCRJot ’DCR):\’)

Column D8 (W16x77)
R;;=81601 kip  R4,:=120.371 kip
P,. =:RGI +RG§ = 202062 k.w

L ..:=305ft (unbraced length for strong axis buckling)

LC.IK

Loyy= = =10.777 ft (transition of strong axis buckling to weak axis buckling L_)

PR

0P 19+=369 Kip

0Py 13 1=349 kip

(8P 11— 9P 1o :
9 = || (Lo xx— 10 f1) + 0 =553.452 ki
.cpvu:r k llﬁ—IOﬁ (c_XJL ﬂ) .canO klp
if 9P, >P, =*“Adequate - no reinforcement needed”™
” return “Adequate - no reinforcement needed”
elseif ¢ P, <P,

” return “Inadequate - reinforcement needed™

P
DCRn::cS T _=0.365

nx
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Lcy =17 ft  (unbraced length for weak axis buckling)

¢<‘P’l.‘i'~'::411 kip

if . P, =P, ' ="Adequate - no reinforcement needed”
" return “Adequate - no reinforcement needed”

elseif ¢ .P,.. <P,
" return “Inadequate - reinforcement needed”

P
DCRD,::G r _=0365

A

clear (RG} 7RG£' ) .0an]0 ’ ¢cpn11 7Pr ,chx aLr.,Ul'aLc._\;v ,Lc ? %Pm 3 ¢cp)1333 7DCRxx aDCR_\;')

Column D9 (W16x7
R;:=100041 Kip  Rg;,:=103.272 kip
P,:==Rs;+R;,=203313 kip

L. :=303 ft (unbraced length for sirong axis buckling)

L
L= ﬁ‘;; =10.777 ft (transition of strong axis buckling to weak axis buckling L)

L.

0Py 19:=369 kip

0Py 117=549 kip
¢vpn11_¢cpw.10) Cen iR
9 = ————| (Lexx— 10 f1) +0 =553.452
cpm ( llﬁ—IOﬂ (cJa ﬂ) .anJO klp
if 9P, =P, —"Adequate - no reinforcement needed™

" return “Adequate - no reinforcement needed”
else if 9.2, <P,
" return “Inadequate - reinforcement needed”

DCR,, = f:PL =0.367
0P

nxx
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L =11t (unbraced length for weak axis buckling)

¢CPMF::411 kip

if 9Py >P, —=*“Adequate - no reinforcement needed”

” return “Adequate - no reinforcement needed”
elseif ¢.P,, <P,
” return “Inadequate - reinforcement needed™

DEOR = £ =0.367
BN ¢cp

nxx

Clear (‘RG! ’RG.“ ? ¢cpn.10 ? ¢c‘pn_11 ? Pr ’Lc_u ’LCH’LC.):I’ ’ Lc ? ¢rpruo: 1 <D‘rpn..\;\' vDCRn ’DCR_\:\’)

Column D10 (W18x4
RG] = 77.454 kip RGJ ::3142 k.m
Pi=Rg;+R;;=80.596 kip

L =305 ft (unbraced length for strong axis buckling)

L, yyi= 2“:2‘ =5427 ft [(transition of strong axis buckling to weak axis buckling L_)
OcPro:=379 kip
OcPps:=312 Kip
OLs— 0L ns ;
@ e it e e fh e —1) +0 —318.308
CP’UI ( 6ﬁ—0ﬂ (cxx ﬁ) .cpno klp
if 9P, >P, ="Adequate - no reinforcement needed”

” return “Adequate - no reinforcement needed”
elseif ¢ P, .. <P,
" return “Inadequate - reinforcement needed”

DCR_ == 5 =0.253

O
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Lyw=17ft (unbraced length for weak axis buckiing)

¢CP"J3'=:411 kip

D Py P, ="“Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
elseif ¢ P, <P,
" return “Inadequate - reinforcement needed”

P
DCRy = L _=0253
0P
L.wd:=0 ft {unbraced length for strong axis buckling)
Lc__,,:,:-:: 10 ft (unbraced length for weak cxis buckiing)
L ::LC.})': 10 ft

OcPy:=333 Kip

if 9. P,=>P, ="“Adequate - no reinforcement needed”

" return “Adequate - no reinforcement needed”
else if ¢ P, <P,
" return “Inadequate - reinforcement needed”

DCR:= —P'— =0.151
oL,
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Appendix F — Loading Capacity Analysis for Solar
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Concrete Plank: Normal-weight concrete, 8" with 2" topper (+25 psf)
Additional loading from cool roof and solar panels = 3 psf

Assuming the strand configuration is the same for the concrete planks of the same span, and loading
capacity was designed for the mechanical loads on their designated span section, the additional capacity
of each individual concrete plank was found:

Array 1: (bottom left)

* Span =31 feet

& Strand = 78-S

* (Capacity = 80 psf +25 psf =105 psf
* PClrating =124 psf

¢ Has Capacity (19 psf extra)
Array 2: (top left)

*  Span=24.5 feet

*+ Strand = 66-5

*  Capacity = 45 psf + 25 psf = 70 psf
* PCl Rating = 95.4 psf

* Has Capacity (25.4 psf extra)

Array 3: (top middle)

*  Span = 24.5 feet

* Strand = 66-S

* Capacity = 68 psf + 25 psf =93 psf

* PCl Rating = 95.4 psf

* Notmet (2.4 extra)

* This array was moved to areas of the roof that have the extra capacity, making four arrays
instead of five and not exceeding capacity

Array 4: (top right)

* Span = 24.5 feet

* Strand = 66-5

*  Capacity = 45 psf + 25 psf = 70 psf
* PCl Rating = 95.4 psf

* Has Capacity (25.4 psf extra)

Array 5: (bottom right)

* Span = 31 feet

* Strand = 78-S

* Capacity = 80 psf + 25 psf = 105 psf
* PClRating =124 psf

* Has Capacity (19 psf extra)
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