
 

Copyright © by Mustansir Husain 2023 

All Rights Reserved



 
 

DESIGN AND IMPLEMENTATION OF  

SOLAR POWERED PARKING 

SYSTEM 

 

by 

 

MUSTANSIR HUSAIN 

 

Presented to the Faculty of the Honors College of 

The University of Texas at Arlington in Partial Fulfillment 

of the Requirements 

for the Degree of 

 

HONORS BACHELOR OF SCIENCE IN CIVIL ENGINEERING 

 

 

THE UNIVERSITY OF TEXAS AT ARLINGTON 

May 2023



 iii 

ACKNOWLEDGMENTS 
 

I would like to take this opportunity to thank the UTA Civil Engineering department 

and the Honors College and I am deeply appreciative of their support. I would like to extend 

my gratitude to Dr. Tamer Eljufout for providing his invaluable guidance and assistance 

throughout the project. Additionally, I would like to acknowledge the contribution of my 

Civil Engineering Senior Design team members: Janet Hamidovic, Caleb Kocmick, Carlos 

Alberto, Kassi Bryan and Tebessa Ketchersid.  

May 02, 2023



 iv 

ABSTRACT 

 

DESIGN AND IMPLEMENTATION OF 

SOLAR POWERED PARKING 

SYSTEM 

 

Mustansir Husain, B.S. Civil Engineering 

 

The University of Texas at Arlington, 2023 

 

Faculty Mentor:  Tamer Eljufout 

The demand for sustainable designs in civil engineering is increasing and the use 

of renewable resources is encouraged to reduce the environmental impact and increase 

industry standards. A solar powered system installation not only prioritizes sustainable 

development but also helps economically by reducing electricity costs. This report 

discusses the schematic design plans for a solar powered system installed over a parking 

lot, to generate green energy and minimize long-term running costs. This utilizes the 

parking space to provide shade to the vehicles along with stations to power the electric 

vehicles. The site features two different canopies, placed over the parking area of an 

industrial site. This report provides the structural designs for both the shades and analyses 

the strength of the design. By determining the area and location of the structure, the number 

of panels that are installed can be calculated and the power output can be estimated.
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CHAPTER 1 

INTRODUCTION 

1.1 The Need for Sustainability in Civil Engineering 

Civil Engineering plays a critical role in shaping society and directly impacts the 

environment and economy. With the increase in the need of sustainable solutions due to 

the depletion in resources, engineers call for innovation even in areas like construction and 

development to reduce the resource usage but deliver a more enhanced design. The 

American Society of Civil Engineer states the first and foremost duty of an engineer is to 

promote health, safety and public welfare and create safe, resilient, and sustainable 

infrastructure.  

1.2 Use of Solar-Powered Systems 

Solar powered systems generate clean and renewable energy that reduces the 

dependency on fossil fuels and mitigates the environmental impact of using the non-

renewable resources, at the same time. Solar energy is the most efficient in reducing the 

carbon footprint and greenhouse gas emission. Although the initial cost of setting up a solar 

powered system may seem high, overall, these systems can prove to be cost-effective. 

These panels cost significantly less today, as compared to a few years ago and provide 

relatively more efficiency as well. This report provides design schematics for a solar-

powered parking shade and although it focuses on the structural elements, the report 

discusses the power output of the system as well and shows how much energy can be saved 

using solar devices
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1.2.1 Benefits of Solar Parking 

This report proposes a solar power system designed over a parking lot to provide 

power supply to the parking area as well as the commercial site. As mentioned above, 

generating solar power reduces electricity bills significantly as it provides power for 

lighting, signage, and other utilities in the parking lot, also reducing the reliance on grid 

supply. Moreover, placing EV Stations to power vehicles can prove to be useful when the 

shift towards electric vehicles is expected to grow exponentially by the end of this decade. 

This system is placed over a steel structure, which provides shade to the parked vehicles 

and appeals aesthetically as compared to traditional open and empty parking lots. Overall, 

this design provides a range of benefits to improve standards, keeping the future needs in 

mind.
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CHAPTER 2 

DESIGN OVERVIEW 

2.1 Project Description 

The project site is Arlington Business Center, located in Arlington, Texas, at the 

Southwest Corner of Bardin Road and planned Dr. Martin Luther King Jr. Boulevard 

extension. The project involves land development of a 28-acre site, featuring two industrial 

warehouse buildings, as shown in Figure 2.1.  

 
Figure 2.1: Overall Site Plan 
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The project required the following deliverables to be provided to the client: Site 

Plans, Pavement Plans, Grading and Erosion Control Plans, and Utilities including Water 

plans, Sanitary plans, Strom-water plans and Fire-water plans. I designed all the utilities 

for the site, provided design calculations, and pipe network profile plans. The project is 

currently under construction and is directed by MMA Engineering firm in Arlington, TX. 

2.2 Honors Contribution  

To meet the requirements of the Honors Capstone Project, the additional 

component included the creation of a structural design of a solar-powered system which is 

proposed to be placed along the parking space of Arlington Business Center, as part of a 

sustainability initiative. This innovative system leverages photovoltaic technology, 

employing solar panels or cells to generate electricity from sunlight. By concentrating on 

the structural aspects, the project meticulously considers load calculations and conducts 

thorough structural analyses using advanced software. The goal is to ensure the stability 

and durability of the solar parking system, optimizing its performance and efficiency. 

Furthermore, the project provides valuable insights into the power generation potential of 

the system, along with estimated cost savings.  

2.3 Shade Placement  

The site features parking at all sides of the buildings; however due to utilities and 

spacing limits, the shade can only be placed over some constrained areas. The structure is 

placed to avoid storm draining areas, easement areas, truck docking areas and the panels 

shall be placed in open areas to ensure sunlight as well. As shown in Figure 2.2, the 

canopies are placed at the North and Southeast parking side of the site as locations meet all 

the requirements or objectives for the placement. 
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Figure 2.2: Solar Shade Placement 

2.4 Panel Design   

The site uses industrial panels, used for commercial purposes, providing higher 

output and greater efficiency than regular residential solar panels. Considering the shade 

area, a 60-cell panel can be used with a 320 watts panel (Taylor, 2021), having the 

dimensions as shown in Figure 2.3.  
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Figure 2.3 Panel Design (Taylor, 2021) 

2.5 Tributary Area Calculations  

 Tributary area refers to the portion of a floor or roof that is supported by a structural 

member like a beam or column. It is required to design and analyze the required strength 

and size of the members so it can sustain the load.  

2.5.1 Single-sided Shade 

Figure 2.4 shows the plan view of the North side parking which features four, single 

sided, solar shades. The North shades expand 95 feet with a width of 25.75 feet. Based on 

these dimensions we get a total area of one shade as 2,446.25 square feet. A three-inch 

spacing is used between two consecutive panels and thus a single shade can hold 112 
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panels. Thus, the total number of panels that could be installed over the North parking, for 

four shades is 448. 

 
Figure 2.4 North Parking Plan View 

The tributary area, shown in Figure 2.5, is calculated for the critical column as 464 

square feet (25.75 ft x 18.00 ft). 

 
Figure 2.5 Single-Sided Shade Tributary Area 

2.5.2 Double-Sided Shade 

 The South parking shade also expands 95 feet over its length, however, a 

double-sided canopy is used which has a width of 36 feet, as shown in Figure 2.6. Using 

the same design approach of the North, the total area of one shade is found to be 3,420 

square feet. This makes a total of 480 panels that can be placed over three shades.  
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Figure 2.6 Southeast Parking Plan View 

The tributary area supported by the critical column for this shade is 648 square feet 

and is shown in Figure 2.7. 

 
Figure 2.7 Double-Sided Shade Tributary Area 
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2.6 Proposed Shade Design  

A combined 928 panels are used in total for both the parking areas as discussed in 

the previous section. Figure 2.8 shows the cross-sectional view with structural details of 

the proposed design for both north and southeast side parking. Both the parking shades use 

similar structural components discussed later in the report. Figure 2.9 and Figure 2.10 show 

visual images and model view of both the structures. 

 
Figure 2.8 Structural Details (University of Colorado, 2020) 
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Figure 2.9: Single-Sided Shade  

 
Figure 2.10: Double-Sided Shade (Franklin, 2022)
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CHAPTER 3 

STRUCTURAL DESIGN 

For the structural design calculations, environmental conditions need to be 

evaluated as it significantly changes the design consideration factors. The current project 

site is situated in Arlington, Texas, and the design values for wind load, snow load, etc. are 

set according to the location. The solar panels are placed at an angle of 5 degrees to provide 

better efficiency. The dynamic pressure for the current conditions is 0.09725 psi (Maus, 

2023).  

3.1 Design Load Calculations 

3.1.1 Dead Load Estimation 

Dead load is the weight of the structure and any permanently attached elements. It 

is also called self-weight of the structure and is an important consideration in structural 

design as it affects the strength and stability of the structure. For the shade design, the 

deadload the members must carry is from the Solar panels, installation devices and, the 

galvanized corrugated sheets over which the panels will be installed. 

The panel design recommends a dead load of 3 pounds per square foot (psf) to be 

considered for the dead load (UpCodes, 2015). The combined deadload for all the elements 

used for this design is 5 psf.  

3.1.2 Live Load Estimation 

Live load refers to the weight of temporary or movable elements that are placed on 

a structure such as human load or equipment’s. This design follows Arlington design code
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manual and includes snow load, wind loads, and human load, required for maintenance and 

operation purposes, as follows: 

Wind Load: 577lbs = 1.25 psf (Maus, 2023) 

Snow Load: 5 psf (ATC, 2023) 

Human Load: 300 lbs = 0.65 psf 

Total Live Load= 6.9 psf 

3.1.3 Factored Design Load 

According to the design manual, the structure should be designed for a factored 

load, representing the maximum amount of load on the member. This load is calculated by 

multiplying the total dead load and live load by a load factor specified in the design code 

(International Code Council, 2023). 

Factored Dead load = 1.2 x (Total dead load) = 1.2 x 7 = 8.4 psf 

Factored Live load = 1.6 x (Total live load) = 1.6 x 6.9 = 11.04 psf 

Total Factored Design Load = 19.44 psf 

3.2 Beam Design 

Beams are used to support loads and transfer them to underlying structure 

(columns). It is subjected to the factored load that is calculated and is designed without 

exceeding the allowable stress and deflection limits. Beams provide support only to the 

moment and some important properties are considered during the design, such as modulus 

of elasticity, cross-sectional area, moment of inertia and section modulus.  

3.2.1 Beam Capacity 

The beam used for the design is a Square HSS Beam. An HSS beam consists of a 

box section structure, which is helpful to withstand lateral torsion or rotation. Its hollow 
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structure also provides a better strength-to-weight ratio than wide flange beams. Since the 

shade is placed in an open space, HSS beams are aesthetically more pleasing than W-

beams. The following are the material and geometric properties (American Institute of 

Steel Construction, 2017, p. 106) for the selected beam type: 

Dimensions: 8” x 8” x ½” 

Plastic Section Modulus, Zx= 37.5 in3 

Yield Strength, Fy = 50 ksi 

Maximum Moment, Mn = Fy * Zx = 37.5 x 50 = 1875 kip. in 

Strength Reduction Factor, Φ = 0.9 

Thus, Φ Mn = 1687 kip. in = 140.67 kip. ft 

3.2.2 Beam Design for Single Sided Shade 

For the single sided shade, the design calculations are solved manually and then 

verified through the SkyCiv software to get the deflection. The load is uniformly 

distributed over tributary area and then the load on the beam is calculated by multiplying 

the beam width.  

Tributary area= 464 square feet 

 Load on the beam= 19.44 psf x 18 ft = 350 lbs/ft 

 Maximum moment = 49 kip. ft > 140.67 kip. ft (Provided strength > Required) 

 Figure 3.2 shows the bending moment diagram for the beam design and the 

maximum bending moment the beam is subjected to is approximately 49 kip. ft.  
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Figure 3.1: Beam Diagram  

 
Figure 3.2: Bending Moment Diagram 

 
Figure 3.3: Shear Force Diagram 
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3.2.3 Beam Design for Double Sided Shade 

For the double-sided shade, the design is directly solved through the Risa software 

which provides us the maximum moment on the beam (shown in Figure 3.5) 

Tributary area = 648 square feet 

 Load on beam = 350 lbs/ft  

 Maximum moment = 30.9 kip. ft > 140.67 (Provided strength > Required) 

 
Figure 3.4: Risa Design Simulation 

 
Figure 3.5: Risa Bending Moment Analysis
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3.3 Column Design 

Columns support the weight of the building or the structure and essentially are 

designed to carry all the load transferred from the beams and girders. It provides supports 

in moment and axial loading and for this design we used a STD 4” x 4” x ¼” pipe having 

the material properties (Engineers Edge, 2023) provided below: 

Axial Strength = 12.2 kips (American Institute of Steel Construction, 2017, p. 506) 

Moment = 18.2 kips 

Φ Pn = 454 kips 

Φ Mn = 140.67 kip. ft 

Pr/Pc = 12.2/454 = 0.03 

Using the equation provided below, we analyze the design strength: 

 

 12.2/ (2*454) +(30.9/140.67) = 0.73 <1 (satisfied) 

The design strength provided is significantly higher than the required strength and 

the section or member sizes can be reduced and reanalyzed. However, the design still 

needs to account for the deflection, discussed in the next section. 

3.4 Structural Analysis 

 The single-sided shade is analyzed using SkyCiv software to check the deflection, 

which is found to be approximately 2.7 inches, as shown in Figure 3.6. The double-sided 

structure is analyzed through Risa software and the deflection is around 2.2 inches as 

shown in Figure 3.7.  
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Figure 3.6: Beam Deflection Using SkyCiv  

 

 
Figure 3.7: Beam Deflection Using Risa. 



 

 18 

CHAPTER 4 

SOLAR POWER OUPUT 

The energy output is estimated based on the determined areas of both the north and 

southeast side parking at the site location to get precise results. Some of the assumptions 

include selection of a standard module and fixed/open-rack array type and the detailed 

report is provided in Appendix B (National Renewable Energy Laboratory, 2023). 

The north side parking shade consists of 448 panels. Therefore, the combined 

capacity is 448 panels x 320 watts/panel = 143.36 kW. This shade faces the south side and 

is tilted with a surface angle of five degrees. The total panel area for this side is 8008 square 

foot which is equivalent to 743 m2. The estimated power output for the single-sided shades 

is 205,508 kWh/year. The south side parking shade consists of 480 panels which gives us 

a net capacity of 153.6 kW. The total array area for this side is 8580 square feet, equivalent 

to 798 m2. Using all the data, we get a system output of 212,058 kWh/year. 

The combined output of the solar powered system for the site is 417,539 kWh/year. 

The typical electricity rate for the site location is $0.11/kWh, that is, the value of the 

generated electricity would be approximately $46,000 per year.  
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CHAPTER 5 

CONCLUSION 

Solar parking shades provide an advanced solution to generate green energy using 

photovoltaic energy and utilizing space as well as providing shade to cars. A 320-watt 

industrial solar system costs around $300 per panel and thus the total cost for 928 panels 

would be around $275,000. Equipment like branch connectors, PV cables, and combiner 

boxes would be required for operations and adding up the installation fees, the total cost 

would be approximately $350,000 (The Inverter Store, 2023). A cantilever wing cabled 

double slanted shade steel structure can cost $35,000 and a single sided cantilever shade 

costs around $20,000. The total costs for steel shades would be $200,000 (Cantilever Wing 

Cabled Shade Structure, 2023). Even though the initial installation cost might be high for 

these structural placements and the panels, the savings generated over time with added 

environmental benefits like reduced carbon emission can help to mitigate the impact of 

urbanization on the ecosystem.  

In conclusion, the solar parking provides an innovative solution to sustainable 

engineering and the design uses careful planning with considerations given to the 

placement and orientation of the panels to maximize the performance and efficiency of the 

system. 
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APPENDIX A 

REFERENCE DESIGN TABLES
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(American Institute of Steel Construction, 2017, p. 506)  
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(American Institute of Steel Construction, 2017, p. 106)  
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(American Institute of Steel Construction, 2017, p. 109) 
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(Engineers Edge, ASTM Steel Tube Section Properties)
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APPENDIX B 

SOLAR ARRAY OUTPUT REPORT
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(National Renewable Energy laboratory, 2023) 
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(National Renewable Energy laboratory, 2023) 
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