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1. Introduction 
This report presents the final design completed by the Capstone team for the Northern 

Arizona Challenge Course climbing wall.  The documents included in this report should 

contain all necessary information for: 

1) Collection of funds 

2) Procurement of materials 

3) Earthwork 

4) Climbing wall construction 

The report summarizes the Capstone team’s understanding of project requirements and the 

supplied background information for the Challenge Course.  The final design plans are 

included, as well as how each conclusion was reached using hand calculations and program 

outputs versus required code regulations.  Each task that was accomplished to achieve the 

design is listed to clarify the work that went into the project.  Impacts caused by the 

implementation of the wall are discussed to show the Capstone team’s understanding of 

their effect in a greater sense.  The team’s hope is that the report clearly displays why and 

how the final design was completed as it was. 
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2. Project Understanding 

2.1 Problem Statement 
The goal of the project was to design a climbing wall for the Northern Arizona University 

(NAU) Challenge Course.  The purpose of this wall is to improve the challenge course by 

adding another team building activity to the course.  The project was proposed by NAU, was 

be designed by a Civil Engineering Capstone team, and will be constructed by the 

Construction Management Program.  The design and construction will be completed by 

students for no charge to NAU.  NAU has asked that the structure be designed to the 

standards of The Association for Challenge Course Technology (ACCT), but indicated that 

engineering codes supersede ACCT standards. 

The key stakeholder in this project is NAU Campus Recreations.  NAU will be providing the 

funds to pay for the building materials, professional engineer’s approval, and any 

subcontracting that is required. Other stakeholders include NAU faculty and students and 

other businesses or groups utilizing the climbing wall. 

2.2 Background 
The NAU Challenge Course is located south of the Engineering Building on the NAU campus, 

off of South Huffer Lane.  The location of the Challenge Course is shown below in Figure 1 in 

the red circle (the image was taken before the Challenge Course was built).  A ropes course, 

along with several other activities, is already in place in a fenced in area.  This leaves a small 

designated area available for placement of the proposed wall.  This specified area is shown 

with the yellow circle in Figure 1. 

 
Figure 1: Location of the NAU Challenge Course (Google Maps, 2012) 
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Previous geotechnical studies indicate solid rock just below the ground surface.  The rock 

will be excavated for placement of the two structural poles at a depth and width complying 

with ACCT code.  Once the poles are placed, the remaining space within the holes will be 

filled with polyurethane expansion foam which will work as the foundation for the wall.  

The rock presents a solid foundation for the poles; however, strength of the rock was be 

determined to ensure it has the strength required support the wall and applied loads.  

Designing the wall itself required an in-depth look at the structural demands the wall will 

receive. Wind and live loads will be the largest forces acting on the structure, and therefore 

the team’s biggest concern.  Load magnitudes were estimated using the ASCE 7-05 

(Minimum Design Loads for Buildings and Other Structures) as a guide, and using LRFD (Load 

and Resistance Factor Design) load combinations to ensure conservative loading cases.  

These estimates were then checked to ensure compliance with the City of Flagstaff 

standards.  Calculations must be completed to insure that the wall is capable of 

withstanding wind and live loads as well as self-weight and snow loads, with a built in 

factor of safety from the LRFD calculations.  Safety is one of the Capstone team’s biggest 

concerns and is vital to the project, so all calculations are conservative. 

A rough wall sketch was created in order to display the Capstone team’s basic plan for the 

design using simple calculations.  This sketch was displayed the basic idea the Capstone 

team had for the wall design.  The sketch was shown to the technical advisors and capstone 

professors for approval before the project moved forward.  The wall sketch is shown below 

in Figure 2. 

 
Figure 2: Rough Wall Sketches 
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The rough design in Figure 2 uses two wooden poles as supports for the structure with the 

base of the poles placed into the bedrock.  All dimensions were determined according to 

NAU’s design criteria (see Figure 3).  The face of the wall is composed of a frame with Trex 

deck running vertically (to keep the wall face from being used like a ladder).  Horizontal 

supports run across the back of the frame (according to the International Building Code, 

IBC) and a diagonal support will be added to resist swaying.  The back deck is run between 

the two poles and will be attached to the poles with both horizontal and angled supports in 

order to create a small truss.  A railing was added to the deck according to IBC code.  A 

removable ladder will be purchased by NAU for entry and exit from the deck. 

 
Figure 3: Design Criteria from NAU 
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NAU has requested that the Capstone team use the ACCT wherever applicable, but recognize 

that it will be superseded by engineering codes in most cases.  One exception to this is the 

design of the belay cables.  The cables will be attached to the poles according to the list of 

acceptable methods from ACCT (Appendix A, p. 19).  Furthermore, the ACCT has regulations 

for the necessary sag in the belay cables (Appendix A, p. 23).   

The materials to be used will include Trex Deck Lumber and 12 inch diameter Western Red 

cedar poles (class 3), as specified by NAU.  All other materials were determined by the 

design team according to available resources and safety of design.  Figure 4 shows part of 

the existing challenge course.  The poles, decking, bolts, and harness tie-ins shown in Figure 

4 are the same materials that will be used for the wall.  

 
Figure 4: Existing Challenge Course and Display of Materials (Heft, 2012) 

2.3 Potential Issues 
This project was handed down from NAU clearly defined and obviously achievable, but the 

Capstone team was worried about a few challenges for the design.  The original fears of the 

team were designing poles and a foundation that could withstand Flagstaff’s powerful 

winds and sway and deformations of the poles making users uncomfortable.  Due to these 

concerns, the team completed these calculations first to ensure that the team should move 

on with the materials originally agreed to. 
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3. Scope of Work 
In order to clarify the work necessary for completion of this project, for both the client and 

the engineering team, each chronological task was addressed.  The project was originally 

broken down into the following 11 tasks: 

 Task 1: Project Management 

 Task 2: Obtain Existing Documents and Required Codes 

 Task 3: Analyze Available Materials 

 Task 4: Develop Architectural Design 

 Task 5: Structural Design 

 Task 6: Construction Drawings 

 Task 7: Submission to a Professional Engineer 

 Task 8: Construction Support 

 Task 9: Project Report 

 Task 10: Poster Preparation 

 Task 11: Presentation Preparation 

As the project advanced, some changes to the original tasks were required.  This occurred 

due to both new class specifications and issues arising in the design process.  The completed 

list of tasks is shown below. 

3.1 Project Management 
Throughout the design process regular “checks” occurred to ensure all involved parties 

were in agreement, design was completed correctly, and the project was advancing in a 

timely manner.  These “checks” included regular contact and meetings between the 

Capstone team, the involved advisers, and NAU.   

Deliverable: Meeting agendas and/or minutes 

3.2 Capstone Course Check-ins 
Weekly meetings with a technical advisor were required by the Capstone course.  These 

meetings were conducted with either John Tingerthal or Thomas Nelson while the team was 

in the design process phase.  Furthermore, Dr. Odem requested biweekly presentations to 

show team advancements and arising issues.  These presentations were given to Dr. Odem 

and two other Capstone teams to encourage questions and practice public speaking. 

Deliverable: Meeting agendas and/or minutes, short PowerPoint presentations 
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3.3 Obtain Existing Documents and Required Codes 
In order to analyze the project needs, the Capstone team will obtained and researched the 

documents available for the project site.  These documents included the geotechnical 

reports, topography of the site, and as-builts.  Before design can begin the team will need to 

be aware of all codes, regulations, and specifications that the project will have to meet.  This 

included federal, state, and city codes, challenge course codes, NAU specifications, and any 

other requirements.  Once this information was collected, the team determined if any 

additional information is necessary for the project.  Requests for access to documents 

and/or the site were submitted to NAU. 

Deliverable: Request for access 

3.4 Analyze Available Materials 
NAU requested that the Capstone team design the wall utilizing materials already possessed 

by NAU.  The team required a list of available materials, quantities, and sizes in order to 

begin the design process.  Once the list was obtained, the team identifed each materials’ use 

and capability, and then determine any other materials the team will require. 

Deliverable: Material list 

3.5 Develop Architectural Design 
Once all necessary information was collected, an initial design was created.  The design is a 

sketch of the wall to ensure that the team and NAU agree on the general dimensions, 

functionality, and aesthetics of the structure.  The sketch is similar to the sketch given in 

Figure 2, but redesigned for after deeper evaluation. This design was submitted to NAU for 

approval before technical design began. 

Deliverable: CAD draft of wall 

3.6 Structural Design 

3.5.1 Structural Analysis 

To begin the design process, the team will needed to calculate the loads that the wall will 

undertake.  This included live load, snow load, wind load, and dead load.  A factored load 

combination was then used for design, according to ASCE 7-05 with LRFD, which makes 

allowances for a conservative design.  Calculations will be done by both by hand and using 

computer aid, using both whenever possible as a check.  Calculations were completed 

assuming that the poles act as fixed supports in the rock and under worst-case loading. 

Deliverable: Predicted loads 
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3.5.2 Structural Member Design 

A rough sketch of the design is included above in Figure 2.  This provides a general 

structural layout.  The layout was altered and fine-tuned as information on loading was 

gathered and determined.  Research was completed to determine the characteristics of the 

materials to be used.  This includes strength, durability, ductility, etc. and was important in 

considerations for member sizing.  The design used the ASD/LRFD Manual for Engineered 

Wood Construction (2005 Edition) to determine wood capacities. 

Deliverable: Structural element designation 

3.5.3 Foundation Requirement Analysis 

Every determined load will be transferred to the foundation through two poles.  The 

dimensions and material makeup of the foundation must be considered for safety and 

structural integrity.  Calculations were completed to estimate the necessary foundation 

capacity, required depth of poles, and the strength of the rock base.  Foundation design was 

completed according to ACCT standards (Appendix A, p.22). 

Deliverable: Foundation specifications 

3.7 Final Drawings 
Every detail of the design was compiled into formal drawings in order to present the 

information to all involved parties.  The drawings include dimensions, materials, 

specifications, and foundation requirements.  These drawings will be handed over to both 

NAU and the team’s involved professors for required changes, suggestions, and comments. 

Deliverable: Construction Plan 

3.8 Submission for Review   
Once the drawings were complete, a collection of all pertinent information was given to the 

technical advisors for review.  Feedback was given to the Capstone team to decipher if the 

final design was correctly completed and if it was the optimal choice. 

Deliverable: Revised drawing and comments 

3.10 Project Report Preparation 
Once the project design was complete, the team created a final design report.  This report 

summarizes each step in the design process and includes the final design.  The report is 

done for the Capstone course and the client to display to the professors everything that the 

team completed over the course of the project. 

Deliverable: Design report 

  



 
 

N A U  C h a l l e n g e  C o u r s e  W a l l  D e s i g n  
 

Page 9 

3.11 Website Preparation 
A website was created containing a summary of all project information for both the 

Capstone course and the public.  The website is available through nau.edu within the 

College of Engineering, Forestry, and Natural Sciences program page.   

Deliverable: Website 

3.12 Presentation Preparation 
A presentation was prepared to give to at the UGRADS Symposium for professors, students, 

professionals, and any other interested parties.  

Deliverable: Presentation 

3.13 Clarifications 
All required funding will be the responsibility of NAU.  Construction and subcontracting are 

not the responsibility of the Capstone team.
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4. Final Design 

4.1 Introduction 
The design of the NAU Challenge Course climbing wall included considerations of material 

availability and strength, loading, design durability, deflections, safety, and more.  To 

provide an understanding of how design conclusions were reached, the project analysis has 

been broken down into 5 categories.  The categories overlap and can be dependent on each 

other, as the climbing wall works as one solid structure.  

4.2 Loading 
To determine the loading estimates to be used for design, ASCE 7-05 was used.  For 

Flagstaff, however, wind and snow loads had to be increased to local standards.  The wind 

stress was determined using ASCE 7-05 along with the Flagstaff standard of 90 mph winds.  

The given loads were in pounds per square foot, and were therefore distributed over the 

areas of the affected surfaces.  The loading used for live, dead, snow, and wind loads are 

given in Appendix D (pg. 34). 

4.3 Computer Analysis 
The Capstone team decided to use computer analysis to determine the reactions and 

internal forces of the climbing wall.  This was done to ensure consistency, include all 

pertinent information and specs, and for changes to be applied quickly and easily.  The team 

used RISA 2D for analysis because it could include material strengths and specs as well as 

all loading types to be specified separately (e.g. live, wind, etc.).  Furthermore, the program 

includes the capability to apply a long list of LRFD load combinations (Appendix E, p. 43) to 

be applied in order to ensure the largest possible load combination is the one used for 

analysis for the purposes of safety. 

Three models were created in RISA for the purposes of this project (see Appendix E).  These 

models consider the base of the wall to be fixed due to the bedrock and strength of 

foundation, but add an extra 0.5 feet to the pole height to account for any flexibility at the 

base.  A side view was used to find the deflections and foundation requirements (p. 44).  A 

truss model was created to find the internal member forces to ensure the wood and bolts 

would be capable of withstanding all required loads (p. 47).  A front view was created to 

determine the forces applied by the belay cables and the associated deflections (p. 50). 

4.4 Foundation 
Originally, NAU had asked the Capstone team not to use polyurethane expansion foam for 

the foundation due to issues that had occurred during construction of the Challenge Course.  

In order to determine what material would work best for the foundation, a decision matrix 

was created, shown below in Table 1.   
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  Compacted AB Polyurethane Foam Concrete 

Safety 4 5 2 

Cost 4 5 3 

Durability 5 4 2 

Ease of Construction 3 2 4 

Strength 4 5 5 

Effect on Wood 3 5 2 

TOTAL 23 26 18 
Table 1: Foundation Decision Matrix (1-lowest, 5-highest) 

The three possible materials in Table 1 include compacted AB (soil), polyurethane 

expansion foam, and concrete.  The materials were scored on a scale of 1-5 (1 being the 

lowest) on safety, price, durability, ease of construction, strength, and effect on wood over 

time.  The criteria were based on the Capstone team’s interpretation of NAU’s concerns 

along with engineering concerns.  The scores were based on the team’s engineering 

knowledge and research. 

After reviewing the results of the decision matrix, the Capstone determined that 

polyurethane expansion foam should be used, but would be sure to inform the construction 

team to allow for the proper training and information can be obtained prior to construction.   

The team used the original geotechnical plans for the Challenge Course to determine that 

the ground was purely limestone.  The loading determined from RISA results was applied 

against the strength of limestone and foam to ensure that the ground would support the 

structure and loading (see Appendix D, p. 37).  The required depth of embedment was 

determined using ACCT standards, shown in Appendix A (p. 22).  The excavation diameter is 

required to be a minimum of 6 inches larger than the pole diameter, as per the Rainbow 

Technology Manual (see Appendix B, p. 25). 

4.5 Wood Strength (Poles, Face, and Deck) 
The climbing wall was designed using wood or Trex decking, as required by NAU.  Multiple 

varieties of wood were used within the design as well as multiple connection types.  Each 

wood strength, loading, and connection had to be analyzed in order to ensure a safe and 

sufficient design.   

4.5.1 Poles 

NAU required that two cedar poles be used as the supports for the wall.  The diameter of the 

poles slightly decreased along their length, however this was negligible as the poles would 

be shortened for the design and the decrease is less than an inch.  The forces determined in 

RISA were used to compare the applied shear and moment forces to those that the wood 

could withstand (Appendix F, p. 41).  To determine the strength of the poles, the ASD/LRFD, 

Manual for Engineered Wood Construction (2005 Edition) was used to calculate wood 

adjustment factors in order to determine the ultimate pole strength (Appendix F, p. 54).   
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Using the RISA computations with the added belay cable loading, the deflection at the top of 

the poles was too large for user comfort at about 12 inches.  In order to mitigate this issue, a 

wood strut was added at the top of the poles as a compression member.  The RISA model 

shows the reduced deflections (Appendix E, p. 52).  To connect the support beam to the 

poles, a Simpson CJT3 was used (Appendix C, p. 26), as it is primarily a compression 

connection. 

4.5.2 Face 

The face of the wall is technically not wood, but Trex Deck.  Trex Deck is made from PVC 

composite and given a natural, realistic wooden texture.  The Trex requires very little 

maintenance and does not rot, splinter, or require painting.  The Trex Deck will be placed in 

the vertical position as to prevent climbers from using the edges of the wood to aid in 

getting over the wall.   

 The frame is composed of Douglas-Fir Larch.  The spacing between joists was set according 

to IBC 2006 standards, and moved closer than required for safety.  The connections of the 

frame to the poles were designed using the 2005 Edition of ASD/LRFD, Manual for 

Engineered Wood Construction to ensure that shearing would not be a problem, and that 

connections and the wood would have sufficient strength.  The connections of the deck 

frame to the joists used Simpson Strong-Tie specifications, which were significantly higher 

than the wood design strength values. 

4.5.3 Deck Support Truss 

The Capstone team was originally wanted to support the deck with a truss, but second-

guessed this plan and considered supporting the deck with two wood columns that rested 

on the ground.  To determine which design would go into place, a decision matrix was 

created and shown below in Table 2. 

  Truss Supported Deck Post Supported Deck 

Safety 3 5 

Cost 4 3 

Durability 4 3 

Ease of Construction 5 2 

Aesthetics 5 3 

TOTAL 21 16 
Table 2: Deck Support System Decision Matrix (1=lowest, 5=highest) 

The criteria in Table 2 were determined according to client suggestions as well as the 

engineering design.  The criteria were ranked on a scale of 1-5 (1 being the lowest) by the 

Capstone team according to their experience, research, and interpretation of the client’s 

needs.  A truss supported deck was chosen because it won in every criterion with the 

exception of safety, which would be checked by the engineers with a factor of safety 

included.   
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Sawn lumber was used for the deck support truss.  The species of the sawn lumber used 

was Douglas Fir-Larch, as it is easily obtainable and strong enough for the purposes of this 

project.  When designing with wood, adjustment factors must be applied, which were 

determined from the 2005 Edition of ASD/LRFD, Manual for Engineered Wood 

Construction.  The adjustment factors were applied to find the allowable forces for Douglas 

Fir-Larch (Appendix F, p.55), which were then compared to RISA outputs, found in 

Appendix F (p. 49). 

4.6 Belay Cables 
Belay cables were a requirement handed down from NAU.  The height of the cables on the 

poles was determined according to ACCT standards (Appendix A, p. 22), as well as the 

required sag (Appendices A, p 22).  The calculations for sag are shown in Appendix D (p. 

38), using a load increased from the ACCT suggestion for added safety.  The cable was 

checked for strength capabilities with a factor of safety of 5, as required by ACCT codes for 

life-safety devices (Appendix A, p. 22).   

Once the cable loading was determined, the connection for the cable was analyzed 

(Appendix D, p. 40).  The strength capacities of the eye bolt were determined using Hughes 

Brothers Inc. connections information.  It was determined that the bolt could potentially 

pullout of the wood.  To fix this problem a large washer was added behind the bolt to 

distribute the load over more of the wood (Appendix D, p. 39). 
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5. Cost Estimate 
Although the labor of this project will be completed free of charge to NAU, a cost estimate 

was created for the purposes of the Capstone course.  The budget includes the cost of labor 

of the engineers as well as physical labor, materials, and subcontracting for a 

comprehensive cost estimate.  The cost estimate is inclusive of all items that are 

incorporated into the design and construction of the wall, and it is the responsibility of NAU 

to determine what is already in its possession and what will need to be purchased for the 

construction of the wall. 

5.1 Design Costs 
The mass of the project costs are for the design of the wall.  The Capstone team is 

representing an engineering company, and “paying” their employees accordingly.  The 

Capstone team is comprised of three engineers (for the purposes of this project).  The use of 

their time is shown below in Table 3.  The budget is based on a CPFP (Cost Plus Fixed 

Percentage) fee.   

  



 
 

N A U  C h a l l e n g e  C o u r s e  W a l l  D e s i g n  
 

Page 15 

Tasks 

A
u

st
in

 

H
o

p
p

er
 

K
el

se
y 

D
e

ck
er

t 

St
e

p
h

an
ie

 
Sa

rt
y 

To
ta

l M
an

-

H
o

u
rs

 P
e

r 
Ta

sk
 

Labor Cost 
Per Task 

Project Understanding   

          Meeting with Owner (and Prep) 4 4 4 12 $600.00 

          Meeting with Advisor (and Prep) 4 4 4 12 $600.00 

          Research Codes and Materials      16 16 $800.00 

          Obtain Existing Documents 10   10 20 $1,000.00 

Architectural Design           

          Rough Calculations 6 10 6 22 $1,100.00 

          Preliminary Drawings 15     15 $750.00 

          Meeting with Owner (and Prep) 4 4 4 12 $600.00 

          Meeting with Advisor (and Prep) 4 4 4 12 $600.00 

Structural Design           

          Analyze Available Materials 5 15 5 25 $1,250.00 

          Structural Analysis 15 35 15 65 $3,250.00 

          Structural Member Design 5 15 40 60 $3,000.00 

          Foundations Requirements  6 6 2 14 $700.00 

Construction Drawings 25 10 30 65 $3,250.00 

          Specifications 10 20 16 46 $2,300.00 

          Meeting with Advisor (and Prep) 16 16 16 48 $2,400.00 

Submission for Review           

          Submission 2 
 

   2 $100.00 

          Required Alterations to Design 15 15 10 40 $2,000.00 

          Meeting with Advisor (and Prep) 4 4 4 12 $600.00 

Design Report  

Rough Draft of Design Report 3 10 5 18  

Final Draft of Design Report 4 5 5 14  

Total Man-Hours 157 177 196 530   

Total Engineer Time Cost: $26,500.00 

10% Profit: $2,650.00 

Total Engineer Design Cost: $29,150.00 
Table 2: Design Costs 

The budget in Table 3 includes the time of the three engineers comprising the Capstone 

team.  Each task within the schedule in Figure 4 will take the time of one or more of these 

three engineers, and estimates of time for completion were given in the table.  At the end of 

each task, the total time was summed and multiplied by the wage (as it is the same for each 

engineer in this case) displayed in Appendix G (p. 56).  The costs for completion of each task 

were then summed to find the “break even” cost of the project.  This cost was then 

multiplied by 10% to find the profit the project will obtain.  The total cost of the project, 

which the client would usually be billed for, is then the break even cost plus the profit. 
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The wage determination for engineers is given in Appendix G, and includes hourly payment 

plus overhead.  The result of the budgeting is a total cost of $29,150 for 530 hours of 

engineer’s labor and overhead, as well as a 10% profit.  This does not include the cost of the 

review and stamp from a Professional Engineer.  This cost will have to be determined by 

NAU through taking bids and/or negotiation. 

5.2 Construction Costs 
The construction costs include the cost of materials, physical labor, and the subcontractor 

used for excavation, which is all summarized below in Table 3.  The material cost includes 

all materials required for the wall and does not exclude those materials that NAU already 

has in its possession.  The labor costs will be done free of charge by a Construction 

Management team, but are included for the purposes of the Capstone course (Appendix G, p. 

56).  The subcontractor may be willing to do the work free of charge, however this has not 

been verified, so the costs are included (Appendix G, p. 56). The total cost of construction is 

summarized in Table 4. 

Material Cost $3,061.41 

Labor Cost $1,877.76 

Subcontractor Cost $1,500.00 

Total Climbing Wall Cost $6,439.17 
Table 4: Total Construction Cost 

5.3 Total Cost of Project 
With the total design cost in addition to the total construction costs, the final cost estimation 

of the climbing wall design and implementation is summarized below in Table 5, with a 

grand total of $35,589.17.  Much of this cost will not be charged to the client in reality, and 

was determined solely for the purposes of the Capstone course. 

Total Design Cost $29,150.00 

Total Construction Cost $6,439.17 

Total Project Cost $35,589.17 
Table 5: Total Project Cost  

The costs for the project are about 80% due to the design costs.  The Capstone team realizes 

that this is unrealistic, but wanted to include the hours spent on the design for purposes of 

the Capstone course.  If the project were given to an engineering firm the time would be 

greatly reduced and the cost would be significantly lowered.  The additional amount of time 

required by the students was due to inexperience in the area, unfamiliarity with the codes 

and regulations, extra analysis suggested by advisors for the learning experience, and 

additional meeting time required for technical aid throughout the project. 
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6. Impact of Design 
The NAU Challenge Course Climbing Wall has minimal impacts involving environmental, 

political, and economical aspects.  Disturbing ground has the potential to present 

environmental impacts; however, the Challenge Course is already in place and has not 

caused any problems thus far.  No trees will be removed and there are no endangered 

species known to the area.  The Challenge Course as a whole improves the image of the 

University to future students and families, which provides a positive political impact.  The 

NAU Challenge Course aims to make the course affordable to all social groups. 

This project does not contain global or regulatory impacts.  The Challenge Course only 

impacts Flagstaff and the surrounding vicinity that are able to access and use it.  The new 

upgraded Challenge Course uses contemporary design methods.  The environmental, 

political, and economic impacts do not play a major role in the design or the construction of 

the NAU Challenge Course Climbing Wall.     
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7. Conclusion 
NAU had requested that the wall be designed and constructed by the first weekend in April.  

The Capstone team designed a schedule accordingly, requiring that the design be completed 

and submitted to a professional engineer by the beginning of March.  Although the Capstone 

team completed and submitted the design by the planned date, there were 

misunderstandings between the engineering firm and NAU.  The two are still caught up in 

debates on payment and bids from other firms.  Due to this confusion, the climbing wall was 

unable to be built on time and the actual implementation date is still to be determined.   

The final plan set prepared by the NAU Capstone team is included in Appendix I (p. 60) with 

the design and specifications of the climbing wall.  The plan set, along with all of the 

calculations and program outputs were reviewed by John Tingerthal.  Unfortunately, due to 

the delay caused by the issues between NAU and the professional engineer, Tingerthal did 

not receive the Capstone team’s design for review until over a month behind the Capstone 

team’s planned review period.  This resulted in rushed review by Tingerthal as well as 

rushed corrections by the Capstone team. 

After receiving the review from Tingerthal, the Capstone team addressed the issues. Hand 

calculations were redone according to comments on both fluidity and technical problems.    

The results lead to no changes in the design of the wall, but rather clarification throughout 

the appendices and in the plan set. 
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Appendix A 

        Information taken from ACCT 

Belay Cable Attachments 
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Hardware 
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Factor of Safety 

 

Belay Design 

 

 

Foundation 
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Sag 
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Appendix B 

Information from Rainbow Technology 

 



 
 

N A U  C h a l l e n g e  C o u r s e  W a l l  D e s i g n  
 

Page 25 

 

 

 

 



 
 

N A U  C h a l l e n g e  C o u r s e  W a l l  D e s i g n  
 

Page 26 

Appendix C 

Information for Connections 
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Appendix D 

                                                   Hand Calculations 

Loading 

 

Note:  Deck Dead is 

applied only to the 

back horizontal deck. 
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Front Face Loads for Simpson A35 
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Foundation  
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Belay Cables 
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Pole Strength 
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Appendix E 

    RISA Outputs 

Wood Property Inputs  

 

Load Combinations 
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Side View Model 
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Side View Inputs 
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Side View Results 
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Truss Model 
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Truss Model Inputs
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Truss Model Results 
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Front View Model 
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Front View Inputs
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Front View Results 
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Appendix F 

Excel Outputs 
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Appendix G 

Cost Calculations 

Engineer Wage Determination 

Column Hourly Wage Overhead Rate Labor Multiplier Total Cost/Hour 

Austin $20.00 1.5 2.5 $50.00 

Kelsey $20.00 1.5 2.5 $50.00 

Stephanie $20.00 1.5 2.5 $50.00 

The table shown above displays the determination of engineer wages as well as an 

explanation of the break even cost.  Each engineer is being paid a wage of $20 per hour.  The 

“company”, however, has many other expenses to take care of that are not directly billed to 

the client.  These expenses are called overhead and refer to insurance, office supplies, 

utilities, employee benefits, and much more.  The cost of overhead in this case was 

estimated to be about 1.5 times the wages of an engineer, and needed to be added to the 

existing engineer wage, resulting in a “labor multiplier” of 2.5 

Physical Labor Costs   

Estimated Structure Crew 
Description Quantity Hours Rate Total 

Foreman 1 16 $40.56 $648.96 

Laborer 3 16 $25.60 $1,228.80 

Total Estimated Structure Crew Cost $1,877.76 

The labor costs included in the table above were determined using 

rsmeansconstructiondata.com using a heavy civil job description. 

Subcontractor Costs 

Estimated Drilling Subcontractor 
Description Quantity Unit Cost Total 

16" x 5' Hole 2 $750.00 $1,500.00 
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Material Cost Determination 

Estimated Materials Cost 

Material Quantity Type Unit Cost 
Total with Tax 

9.446% 

Red Cedar Poles 41 LF $12.50 $560.91 

6" x 6" Lumber 40 LF $3.38 $147.97 

4" x 6" Lumber 34 LF $2.50 $93.03 

4" x 4" Lumber 16 LF $1.81 $31.70 

2" x 6" Lumber 150 LF $1.29 $211.78 

2" x 4" Lumber 33 LF $0.85 $30.70 

2" x 2" Lumber 80 LF $0.61 $53.41 

5/4" x 6" Trex 270 LF $2.81 $830.37 

3/4" All Thread 18 LF $3.46 $68.16 

3/4" x 8" Bolt 10 EA $1.10 $12.04 

3/4" Washers 34 EA $0.52 $19.35 

3/4" Nuts 34 EA $2.02 $75.17 

5/8" x 6" Bolt 16 EA $0.81 $14.18 

5/8" Washer 32 EA $0.41 $14.36 

5/8" Nut 16 EA $0.75 $13.13 

Simpson 1212HL 8 EA $13.98 $122.40 

Simpson CJT3 2 EA $23.00 $50.35 

Simpson A35 72 EA $0.56 $44.13 

Rounded Metal Plate 2 EA $15.00 $32.83 

Forged Eyebolt 2 EA $35.20 $77.05 

Wire Rope Clip 6 EA $15.25 $100.14 

Rainbow Technology Foam 1 EA $250.00 $273.62 

Trex Deck Screws 10 LB $7.99 $87.45 

1.5" Deck Screws 5 LB $4.78 $26.16 

3" Deck Screws 5 LB $4.78 $26.16 

Belay Cable 20 LF $2.05 $44.87 

Total Estimated Materials Cost $3061.41 

 

*The “Type” column in the table above specifies how the quantities are measured. 

LF= Per Lineal Foot, EA= Each, LB= Per Pound 
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Appendix H 

International Residential Code 
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Appendix I 

Plan Set 

This appendix contains the final design plan set for the NAU Challenge Course climbing wall.  This is the 

summation of the Capstone coursework for the team. 


