
 

Page 1 of 21 
 

 
 
 
ERICKSON ANCHORAGE OF ROOF-TOP EQUIPMENT 

PROJECT ID:  CEEN_2018CPST_002 
 

 
by 

 
 

B RAY Engineering 
 

Brandon Roberts 
Roman Calderon 
Ammon Hymas 

Yejezkel Jimenez 
 
 
 

A Capstone Project Final Report  
 
 

Submitted to 
 
 

Bahaar Taylor & Joshua Peterson 
Erickson Structural 

 
 
 
 

Department of Civil and Environmental Engineering 
Brigham Young University 

 
 
 
 

April 15, 2019 
   



 

Page 2 of 21 
 

Executive Summary 
 

 

PROJECT TITLE:             ERICKSON ANCHORAGE OF ROOF-TOP EQUIPMENT 
PROJECT ID:   CEEN_2018CPST_002 
PROJECT SPONSOR:  ERICKSON STRUCTURAL 
TEAM NAME:   B RAY ENGINEERING 
 
 
Project Objectives: 

Create Excel spreadsheet appropriate for calculating gravity and lateral anchorage of rooftop 

equipment (including solar panels, mechanical units, etc.)  

Create AutoCAD details to depict typical connections of rooftop equipment to the building 

structure.  

Create template proposal for use for such projects (similar examples will be provided). Constraints 

& Goals: Excel spreadsheet should be automated as much as possible to accommodate several 

different scenarios such as pitched roofs, varying sizes of equipment, different wind and seismic 

loading requirements, snow drift loading, etc.  

Constraints & Goals: AutoCAD details should be easily customizable as far as possible. 

Engineering Specialty: Structural 

 

Deliverables:  

Excel Spreadsheet 

AutoCAD Model  

Proposal Template 
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Introduction 
 
 

The anchorage of rooftop equipment is a structural analysis focused project for Erickson 

Structural Consulting Engineers. Which is a company that focuses upon working with existing 

structures, including forensic investigations of building structures and failures, assessments of, and 

remediation designs for, distressed building structures, structural analysis of existing buildings, 

design of structural renovations and modifications to existing buildings, evaluation of insurance 

claims involving structural loss, and seismic evaluation and rehabilitation of existing buildings. 

Hence, in order to make their jobs easier this company has asked us to create an Excel spreadsheet 

that uses the equations and standards and codes from the ASCE minimum design loads for 

buildings and other structures manual, to calculate seismic design force, displacements any other 

seismic demands, and to calculate wind loads on structures and building appurtenances. Along 

with the calculations on the spreadsheet we need to create and AutoCAD file that depicts typical 

rooftop connections and equipment that goes on the buildings structure and create template 

proposal for use for such projects. 
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Schedule 
 
 
***We need to update this to match this semester’s work*** 
 
10 September 2018  Formed capstone group in class 

10 September 2018 Received capstone assignment 

10 September 2018 Met with Dr. Borden, the team’s faculty advisor. 

5 October 2018 Did a video call with the team’s sponsors, Bahaar Taylor and 

Joshua Peterson from Erikson Structural Consulting Engineers.  

12 November 2018  Created a basic outline in Excel demonstrating the template of the 

team’s spreadsheet and sent it to the sponsors for feedback.  

12 November 2018  Conference call with sponsors. Discussed details concerning the 

spreadsheet and the ASCE codes we will need to complete the 

project.  

7 December 2018 Conference call with sponsors.   

7 January 2019 Kick-off meeting for winter semester  

24 January 2019 Obtained ASCE 7-10 codes 

26 January 2019 Started working on the seismic load calculations on the 

spreadsheet. 

8 March 2019  Met with Mr. Oxborrow for assistance on the project 

9 March 2019 Started working on the various load scenario calcualtions 

18 March 2019 Met with Dr. Lee for additional assistance on the project   

1 April 2019 Finalized spreadsheet 

3 April 2019 Finished and turned in the poster 

11 April 2019 Final presentation in the ASCE seminar 
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Assumptions & Limitations 

 
 
Assumptions the team had to make included the following: 
 

• A user interface will need to be created with Visual Basic code, so structural analyses can 
be streamlined 

• All formulas found in ASCE 7-16 will be included in the final product 
• AutoCAD models will be similar to those in the examples provided 
• The AutoCAD models and proposal template will need to allow for user input 

 
Limitations the team encountered included: 
 

• The sponsors reside out-of-state, creating difficulties with communication. 
• Sponsors have been very busy with their work, so it has been hard to keep in contact with 

them. 
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Design, Analysis & Results 
 
 

After having talked to Bahaar Taylor and Josh Peterson, we understood that we needed to 

get the manual called “Minimum Design Loads for Buildings and Other Structures” in order to 

find out the formulas needed to calculate seismic demands and wind loads. We read and 

analyzed section 13 called “seismic design requirements for nonstructural components” from the 

manual to find those formulas out. We were able to identify some of the key formulas that will 

be used in the spread sheet in order to calculate seismic demands and wind loads. Some of these 

formulas are the following: 

To determine the horizontal seismic design force, Fp.  It shall be applied at the 

component’s center of gravity and distributed relative to the component’s mass distribution.  

 

(13.3-1)  

 

Fp is not required to be taken as greater than  

Fp is not required to be taken as greater than Fp = 1.6SDSIpWp       (13.3-2)  

and Fp shall not be taken as less than Fp = 0.3SDSIpWp       (13.3-3)  

Where: 

• Fp= seismic design force 
• SDS = spectral acceleration, short period, as determined from Section 11.4.4 
• ap = component amplification factor that varies from 1.00 to 2.50 (select appropriate value from 

Table 13.5-1 or 13.6-1) 
• Ip = component importance factor that varies from 1.00 to 1.50 (see Section 13.1.3 
• Wp = component operating weight  
• Rp= component response modification factor that varies from 1.00 to 12 (select appropriate value from 

Table 13.5-1 or 13.6-1)  
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• z = height in structure of point of attachment of component with respect to the base. For items at or below 
the base, z shall be taken as 0. The value of z/h need not exceed 1.0  

• h = average roof height of structure with respect to the base  

13.3.2 Seismic Relative Displacements  

DpI = DpIe   

where  

• Ie = the importance factor in Section 11.5.1 
• Dp = displacement determined in accordance with the equations set forth in Sections 13.3.2.1 and 13.3.2.2.  

 

We have not used all of the formulas listed above in our spread sheet. This is because we 

spent some time reading and trying to understand all these formulas in this particular section.  

 

 

Figure 1 shows how the seismic design force is calculated.  

 

Figure 1: Seismic Design Force, Fp 
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Figure 1 shows how the seismic design force is calculated. The cells in color green 

represent the values that have to be entered manually and the cells in color yellow represent the 

values that are automated. Also, the formula used to calculate the seismic design force, Fp is 

shown at the top left corner of the spreadsheet.  On the right side of colored cells, there is a 

dropdown list where you must select the appropriate component from the Coefficients for 

Architectural Components list from tables 13.5-1 and 13.6.-1.  For example, in figure 1, the 

selected component is “Limited deformability elements and attachments’ which gives the 

following values: component amplification factor ,𝑎𝑎𝑝𝑝 = 1, component response modification 

factor, 𝑅𝑅𝑃𝑃 = 2.5, component importance factor, 𝐼𝐼𝑝𝑝 =  1.5 . Also, on the right side of the 

dropdown list, all of the variables are defined. In this way, the user will know what each variable 

mean and so be able to input the right value for it.  

Figure 2 shows an example of a rectangular mechanical unit where the height at which 

the seismic design force acts as wells as its angle at which it acts are customizable.  

 
 
 

Figure 2 Rectangular Mechanical Unit 
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Figure 2 shows an example of one of the different possible scenarios that can be chosen 

by the user. In this particular example, a rectangular mechanical unit is shown where it is 

possible to customize the height at which the seismic design Force, Fp acts as well as the 

position of the angle at which this force acts. To be able to go to this case, it is necessary to click 

on the button that is located to the side that has the title "Rectangular-Angle & Height". In this 

worksheet it is possible to calculate the dead loads as well as the reaction forces at the anchors of 

the mechanical unit. In order to calculate all these, it is necessary to first input the dimensions of 

the mechanical unit. These can be input in the green cells found on the top left corner as shown 

in Figure 2. For example, in Figure 2, a 9 X 6 X 7 rectangular mechanical unit is shown. In the 

same way, the height at which the seismic design force, Fp acts as well as the position of the 

angle at which it acts can be input. For instance, in Figure 2, the height and the angle at which 

force Fp acts are 6 ft and 30 degrees respectively. All the dimensions previously input are also 

display on the mechanical unit pictures. This helps the user to double check that the dimensions 

of the mechanical unit are correct. Once all the dimensions are input, the spreadsheet will 

automatically calculate the dead loads as well as the reaction at the anchors. The dead loads are 

shown in color read on the mechanical unit pictures, located next to the arrows pointing 

downwards. Also, inside the anchors figures, it is possible to see which of these two is in 

compression and which is in tension. For example, Figure 2 shows that the anchor on the left is 

in compression and the one on the right is in tension. Underneath the anchors, the reaction forces 

acting on them are shown in color green. In addition, on the right side of the figures as shown in 

Figure 2, it is possible to find all the calculated values. Also, below the figures as shown in 

Figure 2, the formulas necessary to calculate all the values found are shown.  
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On the other hand, the assumptions made to calculate these values are the following: the anchors 

are located right on the corners, the seismic design force, Fp is always acting right in the middle 

of the mechanical unit and the mechanical unit has only four anchors.  
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Lessons Learned 
 
 

Our team has learned a few things from our progress so far on this project. We have learned 

the importance of effective and efficient communication. Our sponsors reside in another state and 

are naturally busy with their day to day whirlwind of work. We could only communicate with them 

through email and telephone so learning how to use that precious time with them wisely was 

crucial. We had some trouble understanding what was expected for the project initially and since 

our only communication is emails and short telephone calls we still had some confusion throughout 

the duration of the project.  Another thing that we learned is how fast a deadline can approach 

whether you’re ready or not. It is important to schedule your time wisely and spread out your 

workload before it becomes too late. There were times when we were rather busy with other school 

work and didn’t prioritize the project. This came back to harm us in the end as we fell behind. We 

also learned that in the professional world, others won’t hold your hand and guide you through 

your work. Oftentimes it is up to you to figure out what you need to do and ask the important 

questions to help you out. We are starting to understand how to be more independent and 

accountable in the workplace. 

As we started to make progress on the project we learned some useful Microsoft Excel 

skills that will need in our future careers. We learned that sometimes a client wants you to create 

something based off your own design. They trust you to make something acceptable and we 

learned to not hesitate so much when we don’t know exactly how something should be. 

 
 
  



 

Page 14 of 21 
 

Conclusions 
 
 

This project is focused on structural analysis of seismic design forces, displacements, and 

wind loads. The two deliverables are an Excel spreadsheet for the automated calculations for 

different scenarios and an AutoCAD drawing along with the written proposals. 

 An automated spreadsheet was developed to calculate gravity and lateral anchorage loads 

of rooftop equipment (including solar panels, mechanical units, ect.). The spreadsheet was 

automated to accommodate several different scenarios such as varying sizes of equipment and 

different seismic loading requirements. Using AutoCAD, the team created details to depict typical 

connections of rooftop equipment to the building structure.  
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Recommendations 
 
 

This spreadsheet is based on the ASCE 7-10 manual codes, chapter 13, which calculates 

seismic anchorage, and chapter 29 which calculates the wind load. The same topics and formulas 

were revised on the IBC 2006, IBC 2015 and IBC 2018 manual codes, so any data, variables, codes 

or differences were added to the spreadsheet. Therefore, those manuals and codes are the 

limitation, if the engineer needs to have more equations calculated or new codes to be covered, the 

spreadsheet would need to be updated.  

Another thing to consider in this project is that the spreadsheet can only calculate the 

seismic and wind loads for certain cases. The spreadsheet was designed for rectangular shapes and 

squared unit equipment, so another recommendation would be to update the spreadsheet to any 

other specific shape or unit size that needs to be calculated. Overall, the recommendation is to 

build upon this automated tool to have more options and a more extensive list of codes and 

reactions to be calculated. 
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Land Development Intern May 2018 - July 2018 
EPS Group Inc. Mesa, AZ 
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Inventory Supervisor May 2017 - July 2017 
Pinto Creek Co. LLC (Grower, Packer, Shipper of Fresh Vegetables) Eloy, AZ 

• Coordinated packing of vegetables for retail and wholesale orders using real-time industry specific software system 
• Coordinated shipping process with sales department and freight carriers 
• Oversaw shipping of 15 Semi Loads of product per day to retail and wholesale customers in United States and Canada 

o (Customers included: Walmart, Costco, Safeway, Supervalu, Meijer, Bashas, Target) 
• Worked with team in fast paced, dynamic, and stressful environment where accuracy and timeliness were paramount 

 

Student Piano Technician October 2015 - Present 
BYU School of Music Piano Shop Provo, UT 

• Diagnose and remedy regulation problems among 1200+ parts 
• Trusted to handle $250,000 pianos and take care of assigned pianos 
• Tune pianos within 5 cents of accuracy 
• Perform maintenance work on 6+ pianos weekly 

 

Volunteer Work 
Volunteer Representative Aug 2013 - Aug 2015 
The Church of Jesus Christ of Latter-day Saints Villahermosa, Mexico 

• Increased effectiveness by training 3 other representatives over 3-month period each 
• Prepared and taught training meetings to 8+ representatives weekly 
• Presented 20+ lessons of self-improvement and behavioral changes in community 
• Analyzed and reported performance indicators weekly 

 

Awards and Skills 
Advanced Spanish fluency (reading, writing, speaking) 
Engineering related software: AutoCAD/ Civil 3D 2018, FLO-2D, Extensive knowledge of Microsoft Office, ArcGIS 
Eagle Scout 
 

Education 
Bachelor of Science in Civil Engineering Apr 2020 
Brigham Young University Provo, UT 

• Cumulative GPA: 3.32 
• Extracurricular: Tau Beta Pi Honor Society, American Society of Civil Engineering, Earthquake Engineering Research Institute 
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