
DESIGN 

REPORT 

COOL AND 

GREEN ROOFS
FIVE FLAGS CIVIC CENTER 

DUBUQUE, IOWA 

May 10th, 2024 

jnew
Cross-Out



1 May 10, 2024 

Section I: Executive Summary ........................................................................................................ 2 

Section II: Organization Qualifications and Experience ................................................................ 4 

1. Organization and Design Team Description ....................................................................... 4 

Section III: Design Services............................................................................................................ 5 

1. Project Scope ...................................................................................................................... 5 

2. Work Plan ............................................................................................................................ 5 

Section IV: Constraints, Challenges, and Impacts .......................................................................... 6 

1. Constraints .......................................................................................................................... 6 

2. Challenges ........................................................................................................................... 7 

3. Societal Impact within the Community and/or State of Iowa ............................................. 7 

Section V: Alternative Solutions Considered .................................................................................. 8 

Alternative 1: ............................................................................................................................... 8 

Alternative 2: ............................................................................................................................... 9 

Alternative 3: ............................................................................................................................. 10 

Section VI: Final Design Details .................................................................................................. 12 

Cool Roof Only Solution: ......................................................................................................... 12 

Green Roof, Cool Roof, and Solar Energy Alternative: ............................................................ 15 

Section VII: Engineer’s Cost Estimate ......................................................................................... 22 

Appendix A – Green Roof Loadings and General Loading .......................................................... 25 

Appendix B – Truss 2 Re-Design and Reinforcement Calculations ............................................. 29 

Appendix C – Truss 3 Calculations .............................................................................................. 54 

Appendix D – Girder Re-Design Calculations ............................................................................. 64 

Appendix E – Loading Capacity Analysis for Solar ..................................................................... 84 



2 May 10, 2024 

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 Iowa’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 2nd and has extended to the current 

submittal of a final design and accompanied documentation on May 3rd. 

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 Iowa. 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. 

mailto:rose-schweitzer@uiowa.edu
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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 5th, 2024, when the 

proposal was submitted, and ended May 3rd, 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: 

I. Data Collection

• A meeting with the client, a site visit, reviewal of the building blueprints, and roofing

material research

II. Design Concept Development

• Roof layout, energy efficient recommendations, and loading configurations

III. Structural Design Specific and Detailing

• Loading analysis of the arena truss system and concrete planks

IV. Final Documentation and Reporting

• Generating cross-sections, cost estimates, and documenting structural analysis results
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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, Iowa, 

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 Iowa

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 Iowa to embrace 

more environmentally friendly alternatives for a more resilient, enjoyable, and sustainable 

future.  



8 May 10, 2024 

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 Iowa. 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. 

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 Iowa 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. 

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 Iowa 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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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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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. 

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 ½” 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 10. T-Series Framing Plan 

Figure 11. Reinforcement of Truss Top Chord 
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Figure 12. Reinforcement of Truss Bottom Chord 

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”x6”x7/8” 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 

Amount 

Energy Output 

(Average) 

Weight 

Residential 5.4 ft x 3.25 ft 60 400 watts 40 lbs. 

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

Using commercial size solar panels, each of the five panel groupings would occupy 500 

𝑓𝑡2 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 Iowa, 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 

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 

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 
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Appendix A – Green Roof Loadings and General Loading 
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Appendix B – Truss 2 Re-Design and Reinforcement Calculations 
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Appendix C – Truss 3 Calculations 
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Appendix D – Girder Re-Design Calculations 
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Appendix D – Column Re-Design 



RGLS Consulting, LLC 

69 May 10, 2024 



70 May 10, 2024 



71 May 10, 2024 



72 May 10, 2024 



73 May 10, 2024 



74 May 10, 2024 



75 May 10, 2024 



76 May 10, 2024 



77 May 10, 2024 



78 May 10, 2024 



79 May 10, 2024 



80 May 10, 2024 



81 May 10, 2024 



82 May 10, 2024 



83 May 10, 2024 



84 May 10, 2024 

Appendix E – Column Calculations 
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Appendix F – Loading Capacity Analysis for Solar 
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