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Abstract 

The team has been commissioned to design and engineer a 31,500 square foot mixed 

use innovation center in St. Petersburg, Florida. The completion of the project was split 

into two phases: the design/architecture of the building as a whole and the engineering 

of each individual system including the mechanical, electrical, plumbing, and structural 

systems. There is also a construction management portion, which includes a breakdown 

of each individual activity that would take place if the building were to actually be 

constructed. The final design includes a lobby, administration area, open offices, small 

meeting rooms, classrooms, an auditorium, clean fabrication, Hi-Bay fabrication, 

outdoor fabrication, secure storage, and seven client lofts. The mechanical system 

consists of a Variable Refrigerant Flow (VRF) system coupled with a Dedicated Outdoor 

Air System (DOAS). The plumbing system consists of sanitary waste, stormwater, hot 

and cold water, and plumbing fixtures. The electrical system consists of a 480/277V 

transformer, which supplies power to a service entrance switchboard and has a total 

demand of 189 kVA. The structural system consists of concrete pier foundations 

supporting slab on grade beams, a steel frame with lateral force resisting members, and 

a concrete metal deck with precast along the envelop.  
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Team Contributions  

The team that worked on this capstone project consisted of Kyle Mauser, Emmanuel 

Romero, Maria Quintero, Dylan Telford, and Hayden Young. Each group member was 

responsible for a specific aspect of the project catered to their area of expertise. Team 

members contributed to different disciplines throughout the semester but had one area 

to which they were assigned primarily. The specific contributions are shown in the table 

below: 

Team Member Area of Expertise  Contribution  

Kyle Mauser Mechanical Lead ¶ Created Architectural Revit Model/Design  

¶ Mechanical Calculations (HAP program) 

¶ Final Renderings of Design  

Emmanuel 

Romero 

Plumbing Lead ¶ Prepared Design Narratives  

¶ Plumbing Calculations (Excel) 

¶ Structural Sizing of Members (Excel) 

Maria Quintero Construction 

Lead 

¶ Prepared Floorplan Sheet Layout  

¶ Floorplan Revisions   

¶ Site Plan Analysis (Construction) 

Dylan Telford Electrical Lead ¶ Electrical Calculations (Excel) 

¶ Mechanical Equipment Sizing  

¶ Construction Schedule (P6) 

Hayden Young Structural Lead  ¶ Structural Framing Plan/Calculations  

¶ Electrical One Line Diagram  

¶ Diamond System BuilderTM HVAC Model 
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Introduction  

 The team was tasked with designing and engineering a 31,500 square foot, 2 

story mixed use innovation center located in St. Petersburg, Florida. The purpose of this 

building is to provide a place for startup companies to expand their business with seven 

client lofts available for rent within the building. The capstone project was split into two 

phases where the team first designed the architecture of the building and then 

engineered all the systems that are in place to make the building function. These 

systems include mechanical, electrical, plumbing, and structural. There was also a 

portion of the project where the team was required to create a construction schedule 

that broke down the project into individual tasks with durations to show how long this 

building would take to fully construct it in real time. This project enhanced the teamsô 

skills in the field of architecture as well as engineering and allowed for real world 

experience and applying what was taught in classes for the past four years to a design 

problem. It also allowed for the team members to work on their communication skills 

amongst their peers, since all contributions to the project were completed in a group 

setting.  

 The final building floor plan included two main regions: one large rectangular 

office/indoor space and a smaller square manufacturing/fabrication space connected by 

an angled bridge on the second level. The exterior façade of the building contributes to 

the industrial look of the innovation center, which consists of vertical and horizontal 

louvers. These louvers double as decoration to contribute to the theme of the building 

as well as act as a shading structure that hangs over many of the curtain walls and 

windows located along the exterior of the building. The façade of the building was 

designed with the sun path in St. Petersburg in mind. The interior of the building 

consists of a multitude of spaces explained in the following table:  
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Space Total Square Footage 

Lobby 1500 

Administration 900 

Open Office 1200 

Small Meeting Rooms 5 @ 300 =1500 

Computer Lab 800 

Classrooms 2 @ 800 = 1600 

Auditorium 1200 

Clean Fabrication Area 1600 

Hi-Bay Fabrication Area 3000 

Outdoor Fabrication Area 2000 

Secure Storage  700 

Client Lofts 7 @ 1500 = 10500 

Circulation/Mechanical/Unassigned 5000 

 

The first system that was engineered was the mechanical/HVAC system with the 

purpose of providing comfort to the inhabitants while also considering energy 

conservation, architectural compatibility, and flexibility for future changes. The system 

that was designed consisted of a Variable Refrigerant Flow (VRF) system used for 

conditioning the air in the spaces coupled with a Dedicated Outdoor Air System (DOAS) 

for supply air.  

The next system that was engineered was the plumbing system with the purpose 

of providing adequate water systems for the occupants of the building and their specific 

needs as well as implementing environmentally conscious designs and providing 

flexibility for future changes. The main components of the plumbing system are the 

sanitary waste, stormwater, hot and cold water, and plumbing fixtures. The roof 

drainage system was also designed.  
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 The third system that was engineered was the electrical system with the purpose 

of providing electrical power to serve all the needs of the building in accordance with the 

applicable codes and standards in a safe and effective manner. The current demands 

that the building requires is 189 kVA which is supplied from the service through a 

480/277V transformer. This transformer then supplies 480/277V power to the service 

entrance section switchboard. There are two independent transformers that convert the 

480/277V power to 208/120V power and feed two individual panelboards that distribute 

power to the branch circuits. There is an emergency power system in place to provide 

electricity to the life safety systems: emergency lighting, the fire alarm panel, and 

uninterrupted power to the fabrication spaces in case of loss of electricity from the 

primary system.  

The last system that was engineered was the structural system with the purpose 

of allowing the building to maintain structural integrity under the specified loading 

conditions. The foundation of the building consists of concrete piers supporting concrete 

slab on grade beams. The steel structure will sit on this foundation and consist of a 

streel frame with lateral force resisting members. A concrete on metal deck composite 

system will sit on the 2nd floor framing and precast concrete panels will envelop the 

building.  

The construction management portion looked at all the different systems that 

were engineered to develop a project delivery plan. The delivery method, project 

schedule, and project risks were all taken into consideration to execute the project to 

the highest level of expectation during the actual construction of the project.  
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Codes and Standards 

 All aspects of the building were designed to the appropriate codes and standards 

which are outlined below:  

 

Mechanical System 

ǒ  2020 Florida Building Code - Building  

ǒ  2020 Florida Fire Prevention Code  

ǒ  2020 Florida Building Code - Mechanical  

ǒ  2020 Florida Building Code - Plumbing  

ǒ  2020 Florida Building Code - Energy  

ǒ  2017 National Electric Code with Local Amendments  

ǒ  2018 National Fire Alarm and Signaling Code with Local Amendments  

ǒ  American Society of Heating, Refrigerating, and Air Conditioning Engineers   

(ASHRAE) Std 62.1-2016  

ǒ  American Society of Heating, Refrigerating, and Air Conditioning Engineers 

(ASHRAE) Std 90.1-2016  

ǒ  American Society of Heating, Refrigerating, and Air Conditioning Engineers 

(ASHRAE) Handbooks  

ǒ  American Society for Testing and Materials (ASTM)  

ǒ  American National Standards Institute (ANSI)  

ǒ  Sheet Metal & Air Conditioning Contractors National Association (SMACNA)  

ǒ  Occupational Safety and Health Administration (OSHA)  
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Plumbing System 

ǒ  2020 Florida Building Code - Building  

ǒ  2020 Florida Fire Prevention Code  

ǒ  2020 Florida Building Code - Mechanical  

ǒ  2020 Florida Building Code - Plumbing  

ǒ  2020 Florida Building Code ï Energy  

ǒ  2017 National Electric Code with Local Amendments  

ǒ  2018 National Fire Alarm and Signaling Code with Local Amendments  

ǒ  American Society for Testing and Materials (ASTM)  

ǒ  American National Standards Institute (ANSI)  

ǒ  Occupational Safety and Health Administration (OSHA)  

ǒ  Underwritersô Laboratories (UL)  

Electrical System  

ǒ 2020 Florida Building Code - Building  

ǒ 2020 Florida Fire Prevention Code  

ǒ 2020 Florida Building Code - Mechanical  

ǒ 2020 Florida Building Code - Plumbing  

ǒ 2020 Florida Building Code - Energy  

ǒ 2017 National Electric Code with Local Amendments  

ǒ American Society for Testing and Materials (ASTM)  

ǒ American National Standards Institute (ANSI)  

ǒ Occupational Safety and Health Administration (OSHA)  

ǒ Underwritersô Laboratories (UL)  
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Structural System  

ǒ  2020 Florida Building Code - Building  

ǒ  ASCE 7-16, Minimum Design Loads for Buildings and Other Structures  

ǒ  AISC 360-16, Specification for Steel Buildings  

ǒ  ACI 318-14, Building Code Requirements for Concrete Structures  

ǒ  Concrete CRSI Design Handbook  

ǒ  2020 Florida Fire Prevention Code  

ǒ  2020 Florida Building Code ï Energy  

ǒ  American Society for Testing and Materials (ASTM)  

ǒ  American National Standards Institute (ANSI)  

ǒ  Occupational Safety and Health Administration (OSHA)  

Architectural Design Process 

 The project began with designing the aesthetic of the building by creating 

multiple iterations of design sketches, a Revit model, and a physical model to get an 

idea of what it would actually look like in real life. The design process started by looking 

at other work that was similar in size and scope to the building that was soon to be 

created. Once ideas had been created from looking at precedent projects, the team 

created a diagram that mapped out which spaces made the most logical sense to be 

connected to one another on the interior of the building. Each team member was 

required to come up with one iteration, which allowed for the team to vote on the best 

option. The final option that was selected consisted of the long rectangular portion on 

the northern side of the building that acted as an office space and a square portion on 

the southern side of the building that acted as an industrial manufacturing/fabrication 

space. There is a bridge on the second level that the connects the northern and 

southern portions of the building that allows for occupants to cross and back and forth 

between the spaces and holds a computer lab. It was decided that the client lofts for the 

startup companies would all be located on the second level. Once the design was 

decided on, a BIM model in Revit was created to show what the building would look like 

digitally. A physical model was also created to allow the team to understand the scale of 

the building better. 
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Once the interior of the building was designed, the design of the exterior of the 

building began. This is where site analysis was important so design choices could be 

made in regard to the sun path and wind direction for occupant comfort. The climate in 

St. Petersburg is very hot and humid with the summer months averaging 87.4 degrees 

F, which means shade and ventilation are important to allow for comfort amongst the 

occupants. The solar path study that was conducted showed that the sun angle came 

from the south side, so it is important to block this sun out. The wind analysis that was 

conducted showed that there were strong winds coming from the north and east sides 

due to the harbor on the east. This allowed the team to make a design choice that our 

outdoor space should open towards the east, so ventilation could cool down the outdoor 

area in the summer months. With these studies that were conducted, the team was able 

to design the outdoor façade with occupant comfort in mind. The façade of the building 

was chosen to contribute to the shading of the southern side of the building as well as to 

contribute to the industrial look. Across the street on the north side, there is a 

neighborhood and on the east side there is a meat market. Since this building has a 

mostly industrial purpose, the exterior façade was designed to enhance this aesthetic, 

but it was also important to make sure the building would not disrupt the aesthetic of the 

neighborhood that is located directly across the street. This is why metal, horizontal and 

vertical louvers were chosen as shading for areas that had a curtain wall on the 

envelope of the building. These metal louvers could block the sun coming in from the 

south and also contribute to the industrial style.  

The location of this site is less than a mile away from the harbor and is located 

on a flood zone labeled A. Zone A flood locations are subject to rising waters and 

located near a body of water. Flood insurance is mandatory and there is high flood 

potential with a 1% annual chance of flooding and 26% chance over the life of a 30-year 

mortgage. Due to these conditions, it was important that the building be elevated 2 feet 

off the ground on the north side in case of flooding to allow for safety of equipment and 

occupants.  
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Architectural Figures  

Figure 1: Dry Bulb Temperature St. Petersburg, Florida 

 Figure 2: Annual Wind Rose Diagrams 
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Figure 3: Design Iteration Process 

 

 

 

 

 

 

 

 Figure 4: Final Design 
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Figure 5: Exterior Eye Level View East 

 

 

Figure 6: Exterior Eye Level View North  
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Calculation Explanation and Engineered Systems Design  

 

Mechanical  

The building will have a Variable Refrigerant Flow (VRF) system used for conditioning of 

the air in the spaces coupled with a Dedicated Outdoor Air System (DOAS) for supply 

air. The VRF cassettes are placed in zones allowing for independent control of the 

temperature for those areas. The DOAS provides the necessary ventilation for this 

system to work. There will be two DOAS units located on the rooftop and several VRF 

cassettes connected to these two DOAS units. The building is generally split into 

quadrants, Levels 1 and 2 for the North and South wings. The Hourly Analysis Program 

determined the required BTUs and CFMs for these quadrants, and the VRF cassettes 

and DOAS units were sized to meet these demands. The expected annual costs are 

estimated to be $9,144 which account for 56% of all energy costs.  

Environmental Design Conditions  

ǒ St. Petersburg, FL  

ǒ Hot/Humid Climate (2A)  

ǒ Elevation 44ô  

ǒ 27.7676° N, 82.6403° W  

 

Outdoor Design Temperatures 

ǒ Winter Dry Bulb: 42.6 degrees F  

ǒ Summer Dry Bulb/Coincident Wet Bulb: 95.4 degrees F/79.9 degrees F 
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Indoor Design Temperatures  

ǒ Winter Dry Bulb (Occupied): 68-72 ↔F 

ǒ Summer Dry Bulb (Occupied): 68-78 ↔F 

ǒ Dry Bulb (Unoccupied): 65-85 ↔F  

ǒ Relative Humidity: 30-60%  

Temperature Profiles and System Operating Modes 

The psychrometric chart and hourly temperature analysis below demonstrate the 

weather conditions in St. Petersburg. The data shows a hot and humid climate for which 

the primary thermal comfort control measures are to dehumidify and condition the air. 

To properly reduce humidification, which can lead to moisture and mold issues, 

adequate ventilation must be present and was a consideration in choosing our 

mechanical system. Natural ventilation is also an effective strategy for the weather 

conditions at this site. The wind rose demonstrates how many hours of ventilation is 

possible thus alleviating the need for cooling and minimizing the overall energy 

requirements.  
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Sustainability and Energy Efficiency  

Since sustainability and energy efficiency were a consideration during the development 

of this building regarding passive cooling strategies (e.g., shading, orientation, and 

composition), the need for active cooling strategies is minimized from the onset. The 

active cooling strategies in place for the mechanical system make use of efficient and 

sustainable HVAC systems that improve performance when compared with traditional 

systems. Additionally, the energy recovery component that is applied to the systems 

provides 33% annual energy savings. An annual cost breakdown can be seen in the 

chart below with most of the cost coming from the HVAC systems, so efficiency is key 

for savings.  

 

Building Cooling and Heating Loads 

The building cooling and heating loads were calculated using the Hourly Analysis 

Program (HAP 5.11) which is a tool for designing and sizing systems and components 

as well as modeling energy consumption. The data regarding the necessary loads from 

the HAP tool can be seen in the following pages for both floors of the North and South 

wings of the building:  
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ǒ North Floor 1 Load (Tons): 8.9 RT 

ǒ North Floor 2 Load (Tons): 11.8 RT 

ǒ South Floor 1 Load (Tons): 9 RT 

ǒ South Floor 2 Load (Tons): 13.3 RT 

ǒ Overall Load (Tons): 43 RT 

 

 

 

 

 



  Young    | 20 

Variable Refrigerant Flow 

A Variable Refrigerant Flow (VRF) system is being used for conditioning of the air in the 

spaces. The system consists of fan coil units in designated zones connected to a roof 

mounted heat pump by way of a 2-pipe refrigerant system. Additionally, it is coupled 

with a DOAS system for supply air. The VRF units allow for temperature manipulation of 

zones independently, creating a highly efficient system that provides more control of the 

indoor temperature at zones. 

 

Dedicated Outdoor Air System  

The building relies on a Dedicated Outdoor Air System (DOAS) for supply air. This 

system collects outside air and filters, dehumidifies, and conditions with the use of an 

internal refrigeration section and an electric heating coil. An exhaust air energy recovery 

section is added for further energy efficiency. The DOAS system allows for 

preconditioning of the air before it reaches the fan coils at the VRV, minimizing the 

energy usage needed to achieve comfortable indoor conditions. Outdoor air is 

conditioned separately from the return air, which can improve humidity control and 

deliver precise amounts of ventilation air. The use of the DOAS system provides more 

than adequate ventilation required by ASHRAE 62.1 and energy savings to the project. 
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System Zoning 

There are individual fan coil units at designated zones selected by location and 

temperature and ventilation requirements that align with the activities in those spaces. 

The benefits provided by this approach are increased user control, providing more 

comfort, and energy savings due to the conscious management of temperature in the 

spaces. A diagram representing the zoning plans along with the required loads for these 

zones can be seen below:  
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Mechanical Calculations 
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