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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



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.



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.




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.



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



panels. Thus, the total number of panels that could be installed over the North parking, for

four shades is 448.
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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.

T
18.00' HI 87
.

Figure 2.7 Double-Sided Shade Tributary Area



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.

BEAM TO COLUMN CONNECTION”
COLUMN BASE CONNECTION ..
.

| N L’ ~— 24" DRIIFN PIFRS
SINGLE-SIDED CANOPY DOUBLE-SIDED CANOPY

Figure 2.8 Structural Details (University of Colorado, 2020)
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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

11



manual and includes snow load, wind loads, and human load, required for maintenance and
operation purposes, as follows:

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

Snow Load: 5 psf (ATC, 2023)

Human Load: 300 Ibs = 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

12



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 87 x 2"

Plastic Section Modulus, Zx=37.5 in®

Yield Strength, Fy = 50 ksi

Maximum Moment, M, = Fy =« Zx=37.5 x 50 = 1875 kip. in

Strength Reduction Factor, ® = 0.9

Thus, ® M, = 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 Ibs/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.

13
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Figure 3.1: Beam Diagram
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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)

-.330Kk/M -. 339k -.330KM

e

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 %4 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

® P, =454 kips

® M, = 140.67 kip. ft

Pr/Pc =12.2/454 =0.03

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

P,
= o 02,
F,

P, M, M,
2P \M, M

= 1.0

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.

16
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Figure 3.7: Beam Deflection Using Risa.
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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 m?. 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 m?. 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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REFERENCE DESIGN TABLES
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Table 4-4 (continued)
Available Strength in

- - - Fy = 5'0 k$|
Axial Compression, kips
HSS4 Square HSS
HSS4: 4
Shape
P ¥a e W Yig g
F g, M 0.349 0.291 0.233 0.174 0116
Ib/ft 17.27 14.33 12.21 9.42 6.46
Deslan Follle | oPn | Polle | Py | Fofle | QoPy | Folflle | dePa | PolQde | GcF
9 ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD | ASD | LRFD
o | 143 | 215 | 123 184|101 152 772 | 116 | 530 | 79
1 | 142 | 214 | 122 | 184|100 151 769 | 116 | 528 | 793
2 | 140 | 211 120 181 991 | 149 759 | 114 | 521 | 783
3 | 137 |206 |18 | 177 | 968 | 146 743 | 112 | 510 | 767
4 | 132 |199 |14 |7 938 | 141 720 | 108 | 495 | 745
5 | 127 |10 |108 | 164 | 800 | 135 692 | 104 | 477 | 717
6 120 180 103 156 856 | 129 B6.0 992 | 455 684
7 | 113 | 169 a73 | 146 | 807 | 121 623 | 937 | 431 | 648
8 | 105 [ 157 906 | 136 | 754 | 113 584 | 877 | 405 | 608
9 06.4 | 145 836 | 126 | 69.8 | 105 542 | 814 | 377 | 566

—y
=

879 | 132 764 | 115 64.0 96.1 49.8 749 | 34.8 52.2

794 | 119 9.2 104 58.1 gr.4 45.5 68.3 | 31.8 47.8
o | 07 62.0 93.2 | 523 87 M. 618 | 28.9 43.4
62.8 04 4 55.1 82.8 46.7 70.2 36.8 54 | 26.0 381
55.0 B2.7 4B8.5 72.8 41.3 G2.1 327 492 | 23.2 34.8
479 720 422 63.5 | 361 543 | 288 432 | 205 30.8

421 63.3 T ho.8 nr 47,7 29.3 380 | 18.0 27
373 56.1 329 494 | 2841 423 | 224 336 | 16.0 240
33.3 50.0 29.3 44.1 25.1 3.7 20.0 300 | 14.2 M4
299 449 26.3 396 | 225 338 | 179 269 [ 128 19.2
27.0 40.5 23.8 35.7 20.3 30.5 16.2 243 | 11.5 17.3

244 | 367 215 324 | 184 277 | 147 221 | 105 15.7
22.3 335 19.6 20.5 16.8 25.2 13.4 201 953 14.3
204 30.6 18.0 270 | 154 23.1 12.2 184 872 | 131

e p—
L3 R =

—y
o

BEzzds

B
-

Effective length, L. (ft), with respect to least radius of gyration, ry
b =

B3
L=

24 18.7 28.1 16.5 24.8 | 144 212 11.2 16.9 8.01 12.0
25 13.0 19.5 | 10.4 156 738 [ 111
26 682 | 103
Properties
Ag,in? 478 410 k) 2.58 1.77
by =l in.? 10.3 914 7.80 6.21 4.40
i = fy, in. 147 1.49 152 155 1.58
ASD LRFD Note: Heawy line indicates L./r, equal to or greater than 200.
.= 1.67 the =090

AMERICAN INSTITUTE ©F STEEL CONSTRUCTION

(American Institute of Steel Construction, 2017, p. 506)
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Table 1-12 (continued)

E] Square HSS

Dimensions and Properties
HSS10-HSS6
Eﬂ '!uml- Area, 1| s F4 w:‘m- forson is;l::a

=| Ina r ane

Shape ness, | Wt A | bit| Wt Flat | o | ¢ | Area
in. | b/t | in2 int | ind | in. [ in® | in. | in® | in® | R
HES1 0103 | 0608 | BO.50(247 [11.3 [11.3 | 347 | 6094 | 375 | 847 | 6% | 578 |119 | 313
e |0.581| 7633|210 142 (142 | 304 | G605 | 380 | 732 | 73 | 498 [102 | 347
o |0465| 6246|172 (185 |185 | 266 | 51.2 | 386 | 607 | 73 | 412 | 842 | 320
> 0349 4780|132 (257 |257 | 202 | 404 |3482 [ 472 | 8%s | 320 | 648 | 323
e 0291 | 4035111 (3.4 (314 [ 172 | 345 394 | 401 | 8% | 271 548 | 325
«Ufo |0233| 3263| 8.96(39.9 |39.9 | 141 | 283 |397 | 327 | 8% | 220 | 444 | 327
wHhe|0.174| 2473| 6.76(54.5 [54.5 | 108 | 216 [ 400 | 248 | 9% | 167 | 336 | 3.28
H559:0:5s |0.581| 67.82|18.7 [125 (125 | 216 | 479 | 340 | 581 | 6%s | 356 | B1.6 | 2.83
wfe |0465| 5566|153 (164 |16.4 | 183 | 406 | 345 | 484 | 6% | 296 | 674 | 287
#Ye |0.349| 4279|118 (228 (228 | 145 | 322 | 351 | 378 | T9e | 231 521 | 200
>Hh6|0.291| 36.10| 9.92(27.9 |27.9 | 124 | 276 | 354 [ 321 | 7% | 196 | 440 | 282
e |0233| 2023| 803(356 |356 | 102 | 227 (356 [ 262 | 77 | 150 | 358 | 203
«¥he|0.174| 2218| 6.06(48.7 487 | 782| 17.4 | 359 | 200 | 8%e | 121 271 | 2495
wUa |0116| 1496| 400|746 |746 | 535 119 [362 | 136 | 87 | 820 183 | 297
HSSBx8x5y |0.581| 5932|164 |10.8 [10.8 | 146 | 365 |299 | 447 | 5% | 244 | 632 | 250
#We |0465| 4885|135 |[14.2 (142 | 125 | 312 [304 | 375 | 5% | 204 524 | 253
¥ |0.349| 3769|104 [19.9 |19.8 | 100 | 24.9 | 310 | 294 | 6%s | 160 | 40.7 | 257
«Hi6|0.291| 31.84| 876|245 |245 | 856| 214 [ 313 | 251 | 6% | 136 | 345 | 258
Mo |0233] 25.82| 7.0(31.3 |31.3 | 70.7) 177 | 315 [ 205 | &% | 111 | 281 | 260
Hhe|0174| 1963 | 5.37(43.0 |43.0 | 544 136 | 318 [ 157 | 7%e| B45 | 213 | 262
e |0116] 13.26| 362(66.0 |66.0 | 374 034|321 [ 107 | 7Ve| 573 | 144 | 263
HSS77>5 |0.581| 50.81(14.0 | 9.05| 9.05| 93.4) 267 | 258 | 331 | 4% | 158 | 47.1 | 247
«Ue |0.465| 4208|116 (121 |121 | 805 230 |263 [ 279 | 4% | 133 | 393 | 220
»¥ |0.349| 32.58| 897(17.0 |17.1 | 650 186 |269 | 221 | 5%s | 105 | 307 | 2.23
wShe|0.201 | 2759| 7.89(21.1 (211 | S64| 16.0 [272 [ 189 | 5% | 897 | 261 | 225
«Uo |0.233| 2242| 6.17(27.0 |27.0 | 465 133 |275 [ 155 | 5% | 735 | 213 | 227
>he|0174| 17.08| 467(37.2 |37.2 | 360 103 | 277 [ 119 | 6%e | 561 | 162 | 2.28
Vo |0416] 11.56| 3.16(57.3 |57.3 | 248| 7.00|280 | 813 6%e| 382 | 110 | 230
HSSExBx%a |0.581| 4230|117 | 7.33| 7.33| 552 184 |217 | 232 | 3%e | 940 | 334 | 1.83
U2 |0465| 35.24| 974| 9.90| 9.80| 483 161 |223 [ 198 | 3% | 811 | 281 | 187
»Hp |0.349| 2748| 7.58(14.2 |14.2 | 395 132 |228 [ 158 | 4%s | 646 | 221 | 1.90
«he|0291| 23.34| 643176 |176 | 343 114 |23 [ 136 | 4% | 554 | 189 | 142
«'fa |0.233| 19.02| 524|228 |228 | 286| 954|234 [ 1.2 | 4% | 456 | 154 | 1.93
whe|0.174| 1453| 398(31.5 (315 | 223| 742(237 | 863 5%s| 350| 118 | 1.95
«a |0116| G86| 270(48.7 |487 | 155| 5.15\230 | 502 §%e| 230 | 803]147

Mote: For width-to-thickness criteria, refer fo Table 1-124.

(American Institute of Steel Construction, 2017, p. 106)
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Table 1-12 (continued)
Square HSS

Dimensions and Properties

i

HSS5"2-HSS3
i -
qu Nom- Area, Work-|  Torsion Sur-
Thick- | inal ! 5 r Z | able face
Shape ness, | W, A | bit | we Fat | J | ¢ |Aea
in. | Ib/it | in2 int | in?® | in. | in? | in. | int | in? | %
HSS5 VaxB ey |0.349 ) 24.93( 6,88 128 (128 | 297 | 108 | 208 | 131 | 3" 490 | 184 | 1.73
«ie| 0291 2121 585 (159 |159 | 259 | 943 [ 211 | 11.3 | 4% 422 | 187 | 1.75
wMs |0.233| 17.32| 477 |206 |206 | 21.7 | 7.90 [ 213 | 932| 4% 48| 129 | 197
w0174 | 13.25( 363 (286 |286 | 170 | BA7 | 216 | 719 4'e| 267 985 1.78
e |0116| 901|246 (444 (444 | 118 | 430 | 219 | 495 4'%s| 183 6,72 1.80
HES5x0xc2 |0.465| 28.43| 788 | 775 7.75| 26.0 | 104 | 182 | 131 | 2% 446 | 187 | 153
«%p |0.349| 2237 618|113 |11.3 | 21.7 | BG83 | 1.87 | 106 | 3%e | 361 | 149 | 1.57
e 0261 | 19,08 526 [14.2 (142 [ 190 | 762 | 1.90 | 916| 3% | 31.2| 128 | 1.58
«Va |0.233| 15.62( 4.30 [185 |185 | 160 | 641 [ 1.93 | 761 3% 258 | 105 [ 1.60
wHig|0.174| 1197|328 |257 (257 | 126 | 503 | 1.96 | 589 43%e| 199 a.08) 1.62
Ve |0116) 816 223 401 (401 880 352|199 | 407 4ha| 137 553 1.63
HES4 Vexd ez | 0465 25.03( 695 | 6.68| 6.68| 181 | 803 | 161 | 102 | 2 N3 | 148 | 1.37
«%5 |0.349| 19.82| 548 | 9.89| 9.89| 153 | B6.79 | 1.67 B36| 2'%s| 257 119 [ 140
| 0.291 | 1696 468 (125 125 | 135 | 600 [ 1.70 | 7.27| 3% 223 102 | 1.42
e |0.233] 1391 384 163 1163 | 1.4 | 508 [ 1.73 | BOB| 3% 185 8.44) 143
«he|074) 10.70( 293 |229 |229 902 401 | 175 | 471 3'e| 144 6.49) 1.45
o 0116|731 200|355 (358 | 635 282 | 178 | 3.27| 3| 992 445|147
HSS4xd="z |0.465| 21,63| 602 | 560) 560) 11.9 | 597 [ 1.4 T - 210 1.2 [ 1.20
W |0.349| 1727 476 | B.46| 846|103 | 513 1.47 | 639 25w | 175 914 1.23
«5e| 0291 | 14.83( 410 [10.7 |10.7 9.14) 457|149 | 559 2% 15.3 791] 1.25
«Va |0.233| 1221 337 |142 (142 | 780| 390 | 152 | 460| 2% | 128 | 656(1.27
| 0174 9.42( 258 (200 |20.0 621 310|155 | 367 3%e| 100 5.07] 1.28
o |06| BAB[ 177 |31.5 |35 440| 220|158 | 256| 3 691 349] 1.30
HSS3VaxdexYy |0.349) 1472 409 | 7.03| 7.03| 649 371 | 1.26 | 463 - 1.2 6.77| 1.07
«Hhe|0.291| 1270 352 | 9.03 903 584 334 [ 1.29 | 414 2Us 9890 590)1.08
«Me |0.233) 1051( 291 120 120 504 288|132 | 350 2% 835 4.92(1.10
| 0174 BA5| 2.24 (171 171 405 231135 | 276| 2'e| 656 383)1.12
«Ve |0116) 561 1.54 272 (272 290 186 | 1.37 193 2% 458 265113
H8S3x3cly |0.340) 1217|339 | 560| 560 &78) 252 | 106 | 325 - G640  4.74) 0.900
5| 0291 | 1058 294 | 7.31| 7.31| 345| 230(1.08 | 2490| - 5040  4.18| 0.917
wV4 |0.233| B81(244 | 988 988 3.02| 201 | 1.1 248 - 5.08) 3.52| 0.933
he| 0174 BET[ 1.89 [14.2 |14.2 246 164 | 114 | 1.97 2% 403 276 0.950
Mo |016| 475(1.30 |229 |229 1.78) 1.9 [ 147 | 1.40] 27 2.84) 1.92| 0.967
Note: For width-to-thickness criteria, refer to Table 1-12A.
= Indicates flat depth or width is too small to establish a workable flat.
AMERICAN INSTITUTE OF STEEL CONSTRUCTION
(American Institute of Steel Construction, 2017, p. 109)
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Designation = Diameter x Diameter x Wall Thickness
wt./ft = Weight in Lbs pet foot

Wall t = Wall thickness decimal

Area = Material cross section area in sq inches

Ixx, lyy = Moment of Interia

Sx, Sy = Section Modulus

rx = Radius of Gyration

Zx, Zy = Section Modulus

Sx, Sy = Elastic Section Modulus

Polar Moment of Inerita

32x32x¢5/8 250,83

32x32x1/2 210,72 0.5 61.9 10100 634 128 727 15900
32x32x3/8 159.37 0375 46.8 7750 483 129 553 12000
Sx3x3/8 223 0.349 6.18 217 8.68 187 106 361
Sx3x3/16 19 0.291 5.26 19 762 19 8.16 3.2
Su5x1/4 156 0.233 43 1a 6.41 193 7.61 258
5x5x3/16 12 0174 3.28 126 5.03 196 5.89 19.9
Sx5x1/8 8.15 0.116 2.23 8.8 352 1289 4.07 137
4.5x4.5x1/2 249 0465 6.95 181 803 161 10.2 313
4.5x4.5%3/8 197 0.349 548 153 679 167 8.36 257
4.5x4.5x5/16 16.9 0.201 468 135 ] 17 .27 223
4.5x4.5x1/4 139 0.233 384 1.4 5.08 173 6.06 185
4.5%4.523/18 o7 0174 293 2.02 40 175 471 144
4.5x4.5x1/8 73 0.116 2 6.35 282 178 3.27 982
Apedx1/2 215 0465 6.02 1.9 5.97 141 7T 21
Axdx3/8 17.2 0.349 478 103 513 147 6.39 175
4xdx5/18 14.8 0.291 4.1 814 457 149 5.59 153
Al /4 122 0.233 3.37 T8 39 152 4.89 128
Axdn3f16 94 0174 2.58 6.21 31 155 3.67 996
Aedx1/8 645 0.116 177 44 22 158 2.56 691
3.5x3.5%3/8 14.6 0.349 409 649 ENA| 126 469 1.2
3.5%3.5x5/16 127 0.291 3.52 5.84 334 129 414 9.89
3.5x3.5x1/4 103 0.233 291 5.04 288 132 3.5 835
3.5x3.5x3/16 8132 0174 2,24 4.05 231 135 2.76 6,56
3.5x3.5x1/8 56 0.116 154 29 1.66 137 1.93 458
3378 121 0.349 339 378 252 1.06 3.23 6.64
3x3x3/16 103 0.291 294 345 23 1.08 29 594
Ix3xl/4 8.78 0.233 244 3.02 201 111 248 508
3x3x3/16 6.85 0174 1.80 246 1.64 114 197 403

(Engineers Edge, ASTM Steel Tube Section Properties)
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APPENDIX B

SOLAR ARRAY OUTPUT REPORT
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RESULTS

205,508 kwh/Year*

System output may range from 200,371 to 210,440 kWh per year near this location,

Month Solar Radiation AC Energy
{ KWh I m? | day ) ( kWh )
January 3.50 12,624
February 3.74 12,064
March 4.91 17,054
April 571 18,887
May 6.43 21,487
June 6.98 22,022
July 6.89 22,344
August 6.75 21,689
September 588 18,818
October 4,55 15,634
November 3.72 12,762
December 2.80 10,124

Annual 5.16 205,509

Location and Station Identification

Requested Location
Weather Data Source
Latitude

Longitude

bardin road arlington
Lat, Lng: 32.69, -97.06 1.4 mi
32.69° N

97.06° W

PV System Specifications

DC System Size
Module Type

Array Type

System Losses

Array Tilt

Array Azimuth

DC to AC Size Ratio
Inverter Efficiency
Ground Coverage Ratio
Albedo

Bifacial

Monthly Irradiance Loss

143.36 kW
Standard

Fixed (open rack)
14.08%

5°

180°

1.2

96%

0.4%

From weather file
No (0)

Jan Feb Mar Apr May June July Aug Sept Oct Nov
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Performance Metrics

DC Capacity Factor

16.4%

(National Renewable Energy laboratory, 2023)
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RESULTS 212,058 kwh/Year*

System outpul may range from 206,757 to 217,148 kWh per year near this location.

Month Solar Radiation AC Energy
(kWh [ m? { day ) ()wh)
January 3.14 12,038
February 348 11,986
March 473 17,581
April 562 19,906
May 6.42 23,038
June 698 23,644
July 6.87 23,889
August 6,63 22,842
September 5.67 19,432
October 428 15,694
November 3.38 12,345
December 2.53 9,664

Annual 4,98 212,059

Location and Station Identification

Requested Location bardin road arlington

Weather Data Source Lat, Lng: 32.69, -97.06 1.4mi
Latitude 32,69° N

Lengitude 97.06* W

PV System Specifications

DC System Size 153.6 kW

Module Type Standard

Array Type Fixed (open rack)
System Losses 14.08%

Array Tilt 5°

Array Azimuth 270°

DC to AC Size Ratio 1.2

Inverter Efficiency 96%

Ground Coverage Ratio  0.4%
Albedo From weather file
Bifacial No (0)

Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

Monthly Irradiance Loss
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Performance Metrics

DC Capacity Factor 15.8%

(National Renewable Energy laboratory, 2023)
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