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Executive Summary

PROJECT TITLE: Timber-Strong Design Build Competition
PROJECT ID: CPST-015
PROJECT SPONSOR: ASCE
TEAM NAME: The Strategists Engineers

The objective of the Timber-Strong Design Build competition was to “design and
build an artistically creative 2-story wood light-framed building that is sustainable,
aesthetically pleasing and structurally durable”, according to ASCE. The guidelines for
the competition were specified by ASCE and other competition sponsors. The project
ran over five months, with deliverables due in four phases. The first phase, due January
26th 2024, was a written report. The written report was to include structural (lateral
strength and gravity design) calculations, and sustainability calculations. Phase 2, due
February 23rd, was the structural drawings and plans on how the structure would be
built. Phase 3, due March 1st, included an oral and visual presentation. And Phase 4
was executing the plans and building the structure.

Due to unexpected challenges, our team did not enter the Timber Strong
competition or build the structure. To maintain the spirit of the competition, and after
discussion with our faculty mentor, we put our focus toward phases 1 and 2. We put
extra effort in designing a creative building that looks nice, is durable, and
environmentally sustainable. This was done by spending extra time designing the
structure in revit and creating framing plans that clearly demonstrate how the building
would be created. The structure uses minimal wood to reduce its environmental impact,
and meets all the given strength specifications. The designed structure was calculated
to withstand force applied on a cantilever beam, and gravity and lateral loads.

So while our team did not construct the structure, we designed and learned how
to build a wood light framed structure and produced plans for future teams or clients to
have the resources to be able to compete. We created a structure for future teams to
see how the framing and calculations should be done to build a creative structure for the
Timber Strong Design Build Competition.
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Introduction

During the completion of this Capstone project, we noticed the magnitude of the
Timber-Strong Design Build competition itself became apparent. The competition's rules
emphasize the importance of wood as a sustainable building material as it is completely
renewable, and has superior performance in reducing carbon footprint compared to
other materials. Consequently, students are encouraged to design a building that is not
only artistically innovative but also sustainable, visually appealing, and structurally
resilient. Moreover, in line with sustainability principles, the project is scheduled to be
dismantled after the Intermountain Southwest Student Symposium and donated to be
repurposed.

Our assignment was to design a structure measuring a maximum of 6’x6’x12’,
adhering to the design outlined in the rules provided in Appendix B. Additionally, we
needed to assemble a team of 4-6 builders. This building team was composed of our
four team members, Savanna Thomsen (who competed with last year’s Timber Strong
group), and Dawson Hone (a freshman interested in civil engineering). Our team
proceeded with the structural computations, integrating the layout and constraints
outlined in the rules. The lateral design calculations were undertaken by Tyler while the
other three team members did the gravity calculations. These calculations were
incorporated into the report which also included sustainability and budgetary
assessments, along with team-related information.

After unforeseen costs involved with competing in the Timber Strong
Competition, our team decided not to register. With this change of plans we moved
forward with extra focus on the development of the structural drawings for our building.
Tyler and Lexie composed the structural drawings in Revit. Lucky drafted a more
detailed outline of our framing plans by digitizing the plans. Lexie spoke with her dad
(who has a background in carpentry and engineering) and Tyler used his knowledge
gained from asking Dr. Judd questions to confirm the soundness of these structural
plans and the structural calculations.

The next stage of the Timber Strong project would have been to compete in the
competition. Although we did not compete in the competition, we still ran into numerous
challenges, both within and outside of the project design itself, and learned numerous
principles. These challenges, principles, and the overall results of this project will be
discussed in detail later in this document.
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Schedule

The following is a basic timeline of events in the course of this project.

● Ladder safety certification completed
○ January 24, 2024

● Electronic files Phase 1 upload to ASCE’s server
○ January 26, 2024

● Electronic files Phase 2 upload to ASCE’s server
○ February 23, 2024

● Electronic files Phase 3 Presentation upload to ASCE’s server
○ March, 2024

● Final RFI’s uploaded to ASCE’s server
○ 14 calendar days before Build Day
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Assumptions & Limitations

The main constraints encountered in this project stemmed from the guidelines
outlined in the competition's rules.

The primary calculation/design limitations given to us were as follows: d
● Roof system: The team shall determine the roof's slope. The overall height of the

structure shall not exceed 12 feet, measured from the highest point of the roof
(ex. ridge beam) to the bottom of the structure.

● 2nd floor system: The floor system shall cantilever 12 inches in one direction.
Temporary shoring at the cantilevered floor system is required before completion
of the build and during deconstruction.

● 2nd-floor cantilevered beam: A floor beam that cantilevers 4’-1” outside of the
footprint to support the applied point load. The cantilevered floor beam may not
occur on the same wall as a floor system cantilever. No counterweight other than
the dead load of the structure is allowed to resist any overturning. Before Build
Day, the exposed cantilever beam must be painted with high-visibility paint or
covered with high-visibility wrap.
2nd floor framed opening: one opening on the floor.

● 2nd-floor walls framed openings: minimum of four windows with one in each wall.
The windows may be located anywhere on each wall.

● 1st-floor walls framed openings: minimum of three windows with one in each wall
and one door in a wall with no windows.

● Lateral seismic load of E = 275 plf at the roof diaphragm and 225 plf at the floor
of the diaphragm in both directions (not simultaneously).

● Roof wind uplift pressure W = 30 psf (no dead load is allowed to resist uplift
pressures)

● We were required to use ASD calculations, and use calculation methods as laid
out in ASCE 7-22, NDS 2018, and SDPWS 2021. The ASD calculation method
assumes a constant factor of safety for all designs, regardless of load type.

● We were not allowed to use dead load to resist uplift.
● We had to specify hold-downs and anchors for our shear walls, based on the

assumption of anchoring to a foundation. However, during the competition,
anchoring to any foundation was prohibited. We were instructed to use ½”
diameter anchor bolts.

These assumptions and limitations provided us with unique challenges that we had
to overcome in order to come up with a design that worked within the boundaries set by
Timber Strong. For example, the live roof load of 20 psf and the live floor load of 50 psf
were not allowed to be taken into consideration for the design of the cantilever floor
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beam. Because we couldn’t use this extra load to resist the overturning of the cantilever
floor beam when it would be loaded, we had to design a thicker cantilever floor beam
than we would have desired otherwise. In addition, each wall on each floor had to have
either a window or a door. Because we wanted to make our building design aesthetically
pleasing, we had differently sized and shaped windows on different walls and this
resulted in us having to perform various shear wall calculations because the amount of
wall available to resist the lateral loads varied from wall to wall. We also weren’t allowed
to use any dead weight of the roof joists to resist the roof uplift from the wind load of 30
psf. This resulted in having to size a bigger nail than we would have wanted otherwise.
Finally, all calculations were to be done using the Allowable Stress Design (ASD)
method and we had to familiarize ourselves with this method because in other classes
or internships, we had used the Load and Resistance Factor Design (LRFD).

Design, Analysis & Results

Our project's design, analysis, and results can be shown through structural,
sustainable, and budgetary calculations, as well as the architectural design of our
structure. The first phase of the Timber Strong project was to design the structure for
lateral and gravity loads given to us by the competition rules and produce a budget and
carbon benefit of the components of the structure. This phase was completed using
reference manuals to do hand calculations (for sections specified by the competition
rules), excel, and WoodWorks. Examples of these calculations are provided in Figures
1-3 .Full calculations are provided in the submitted report in the appendix.

With respect to the lateral and gravity design, Figure 1 shows an example
calculation of the roof joist anchorage. The Timber Strong rules stated that we had to
anchor the roof joists to the building in order to resist a wind uplift load of 30 psf. We
weren’t allowed to use any dead weight from the roof joists to resist this wind load. We
began by using simple statics to compute the total wind uplift load at each end of either
of the two middle roof joists. We chose these roof joists because they experience a
greater load than the roof joists on the ends of the roof. Once we knew how much uplift
wind load was acting on the roof joist at either end, we searched for a truss screw on
the Simpson Strong-Tie website that could resist this uplift load.
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Figure 1 Example of structural calculations as completed by hand.

Figure 2 below shows the budgetary calculations for the light wood framed
structure. The cost was calculated using the lengths of plywood as specified in the
framing plans (see Figure 5), and unit costs were derived from Lowe’s Hardware’s
website and the table of costs provided by ASCE in the Timber Strong guidelines page.
The total cost to build our structure was calculated to be $1493.44. This would have
been the amount of money we would petition to be provided by our sponsor, BYU’s
chapter of ASCE, if we had competed. In the same spreadsheet the total weight of the
structure was also calculated. The structure would have weighed 701.6 lbs. This weight
was used when calculating the gravity design and ensuring that the structure could
stand on its own without toppling.

Another large aspect of the project is the environmental impacts of wood
structures. With an emphasis on the importance of wood as a sustainable building
material as it has superior performance in reducing carbon footprint compared to other
materials and is a renewable resource, we calculated the potential carbon benefit that
our wood structure had. To simulate a full-sized building, the amount of wood used for
the design was multiplied by 100. This equals 190 m^3 of lumber and sheathing used.
To calculate the carbon benefit of that amount of lumber, WoodWorks Carbon Calculator
was used. The results can be found in Figure 3. Our structure, scaled by 100, has a
total potential carbon benefit of 542 metric tons of CO2. This carbon benefit is the
amount of greenhouse gas emissions avoided by not using steel or concrete to build the
structure. That amount of stored C02 is enough to power 57 homes for a year and
equivalent to taking 115 cars off the road for a year. The website also calculated that the
amount of wood used in this project is grown in US and Canada forests every minute.
These calculations demonstrate that wood truly is a renewable resource, and reduces
CO2 in the air compared to steel or concrete.
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Figure 2 Budget calculations as completed in Excel.
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Figure 3 Sustainability calculations.

The second phase of the Timber Strong project consisted of creating
architectural drawings of the design of our building. We accomplished this primarily
through the program Revit where we created elevation views, plan views, and details
showing how different components of the building would be constructed. These
architectural drawings ultimately show a contractor what the building looks like, how the
floor and roof are framed, and how to construct specific components of the building
such as anchorage to the foundation. However, using a digitizing program, we also
produced some drawings showing the wall framing more specifically. This includes how
the wall will be framed around, underneath and on top of the window and door
openings. The full set of architectural drawings are included in the Appendix of this
report. Examples of our Revit elevation views and digitized framing drawings are shown
in Figures 4 and 5.

In short, we designed a 2-story light framed wooden building that is structurally
durable, sustainable, aesthetically pleasing, and prepared to be built. Our structure was
calculated to withstand 30 psf wind with uplift pressure, can uphold weight on a
cantilever beam with minimal deflection of the beam and can hold itself up. We
calculated the amount of carbon stored in the wood to demonstrate the environmental
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benefits of using wood as a building material. And detailed drawings and plans of the
structure to clearly show the building process of the structure.

Figure 4 Example of Revit drawings generated for our structure.
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Figure 5 Framing plans created for the construction of our project.
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Related Issues

One of the biggest challenges we encountered throughout this competition was
the initial planning and setup. Initially, we were waiting for an additional mentor who had
experience in structural engineering to help us with the design and calculation portion of
the project. So for much of the first semester, we were at a standstill, waiting to see who
the new structures professor would be. Once they came, Dr. Judd was able to be our
mentor. Since Dr. Judd has experience in wood structures, he was able to assist us with
the lateral and gravity calculations that were done in phase 2 of the project.

Another issue we faced was cost restraints. This revolved around the sponsors
we needed to fulfill our construction budget. Not only was it a tedious and long process
to be able to secure a sponsor, but unexpected expenses came up. There were fees
linked to the registration of the physical competition. Due to this particular fee, each
member would have been responsible for $70 out of pocket to enter the competition.
This made it very difficult to move forward with the building portion of the competition,
since our team did not have the funds to pay out of pocket. In the end, we decided that
the cost to compete was too great and did not register for the competition.

Not competing brought many unique challenges. We decided that building the
structure would not be practical without entering into the Timber Strong Competition,
and the work we would have put into the building had to be compensated elsewhere.
We decided to follow the requirements of the competition as closely as possible, without
the construction portion. So we completed the necessary online ladder safety training
and maintained the spirit of the competition by considering safety and environmental
impacts of building wooden buildings. We also decided to put extra effort into the design
and 3D model of our structure to accurately represent the design we would have built.

In summary, planning ahead, time constraints, and costs were our greatest
challenges when working on the project. It is very important to figure out every and any
expense required to ensure a final budget is accurate to the point where it will not be an
issue at any point. Although we were not able to complete the physical build of this
project we were all able to learn throughout this experience.
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Lessons Learned

There were many lessons that we learned during this project, and throughout
each phase of the competition. During the early design portions of the project, we
learned about common calculations that are performed when structurally designing a
wooden building. We learned common practices and building techniques to design
framing plans for a structure. And possibly most important, we learned the importance
of being prepared and communicating in a team. These concepts are discussed in more
depth below.

The greatest lesson learned from participating in the design portion of the Timber
Strong competition was performing lateral calculations by hand using a variety of
resources. Tyler had previous experience doing lateral calculations working at a
structural engineering firm in Provo. However, he was used to performing these
calculations with the help of spreadsheets or softwares. Luckily, Timber Strong provided
resources from companies like the Engineering Wood Association (APA) and American
Wood Council (AWC). By using videos and examples provided on the websites of these
companies, Tyler learned the process behind the spreadsheets he would use at work.
For example, he learned that a simple perforated shear wall design approach is
accomplished by solving for the unit shear in the wall, the percent of full-height wall
sheathed, the percent of wall area openings, a shear capacity adjustment factor, the
adjusted shear resistance provided by the sheathing we selected, and the uplift at the
perforated shear wall ends. This process had to be completed five times to account for
the different types of walls we had with different sized openings. Tyler’s interpolation
skills were challenged as well by using a table to solve for the shear capacity
adjustment factor. Upon designing the diaphragms, shear walls, and roof joist
anchorage, Tyler learned how to design a structure that could sufficiently resist both
seismic and wind lateral forces.

Another lesson we learned regarding the structural calculations was the
importance and use of factors of safety. We were required by Timber Strong to calculate
a factor of safety for each lateral design component so that our final design was even
more capable of safely resisting the lateral load requirements. Although these lateral
calculations were done by hand, they still apply to the real world because they use
design parameters given by ASCE and include factors of safety. We effectively
designed a small building to withstand seismic and wind loads and would already be
familiar with the inputs of spreadsheets at structural engineering firms because of this.

We also learned about the building process and environmental benefits of wood
structures. Even without physically building the structure, we needed to learn how the
construction process works when designing the framing plans. Lexie consulted with
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those knowledgeable in the construction field to gain a better understanding on how to
design wood framing and build a structure. We researched standard distances between
trusses to design a floor that is safe to walk on, and learned standard practices when
framing walls. This knowledge will transfer well when we want to take on future projects
in our homes or in the workforce. From performing the carbon footprint calculations, we
also learned about the benefits of using wood products. We hope to take our knowledge
of the benefits of using wood structures with us into our careers to encourage others,
and to be environmentally friendly in construction ourselves.

Another lesson learned was that of the importance of communication and
preparedness as a team. These were the largest areas in which we struggled severely
and had the most room for improvement. Regarding communication, we rarely had a
team meeting where all four team members attended the meeting. This resulted in at
least one team member always being disoriented concerning where we were at in the
phase of the project we were working on. As we often completed tasks right before they
were due, it was extremely difficult to get all team member’s full participation in order to
successfully complete the task. This happened because it was near impossible for all
four of us to communicate with each other when the deadline for the current task was
the night of. As a result, we compiled often sloppy work which had to be redone later on,
resulting in even more work and falling even more behind. We learned that this could
have been prevented had we communicated properly and timely about the tasks we
needed to complete.

Concerning this “timely” communication, we were rarely sufficiently prepared for
the tasks we had to complete. Both phase one and phase two were submitted right
before the deadline and the majority of the work for those phases were done a couple
days prior to the deadline. Like the poor communication, this resulted in tasks that
weren’t done correctly or even efficiently. We had to spend more time than we would
have otherwise and felt a lot more stress with each task that had to be done. Perhaps
even worse than this, our preparedness resulted in us missing the opportunity to
participate in the actual construction of our project at IWS. We tried to register the night
registration was due and an abundance of new issues popped up as we did. Likely
because we already had problems communicating, we were unable to reach a
consensus as a team and sign up for the competition. Had we done our research and
prepared beforehand, we could have resolved the same issues sooner and more
efficiently.

We lost the opportunity to build our team chemistry and bond at the competition
and realized what we should have done far too late. This serves as a lesson that we
should conscientiously strive to build communication skills as soon as we become
aware that they are lacking. In addition, we should have spent more time and effort last
semester in order to thoroughly prepare for the tasks we had at hand this semester.

Page 16 of 46



Given these reflections, we know that we should carry this knowledge into our future
careers. When given a task, we should prioritize communicating on a consistent basis
with all team members present and make something, such as a vision board, in order to
plan ahead.

Conclusions

By participating in the design portion of the Timber Strong competition, we
learned the significance of reviewing the competition rules and guidelines prior to
performing the required calculations and analysis. We were exposed to gravity, lateral,
sustainable, budgetary, and architectural design components as a result of this project.
Because we ultimately designed a very small house to resist certain loads, we learned
about the process by which our own homes were designed and constructed to resist the
loads they would experience. Throughout the two semesters of Capstone, we learned
the importance of communication and preparedness as a team. We recognized our
flaws and reflected on how we could improve in the future or if given a chance to redo
the Timber Strong project. We hope to apply the lessons learned in our future careers
as we work on a variety of projects with new team members.

Recommendations

These suggestions are intended for future organizers and participants of the
Timber Strong Design-Build competition at BYU.

● TIMELINE: We recommend that calculations be begun in December and that
they be reviewed by all members of the team to verify accordance with
competition rules before the submission deadline. Calculations should be
reviewed by the framing expert on the team. As soon as calculations are
completed, the framing and Autocad experts should work together to generate
the Autocad and framing plans, which, in the future, should be completed in
Autocad and submitted as one document.

● TEAMS: It is advised that each team participating in future Timber Strong
Design-Build competitions ensures the inclusion of individuals capable of fulfilling
at least one of the following roles when not doing any construction work:
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o One expert in calculations and design, who has completed the timber
design course and maintains a collaborative relationship with the timber
design professor.

o One proficient in Autocad, possessing prior experience in the program and
capable of generating comprehensive and visually appealing plans.

o One skilled in framing, with practical expertise in framing techniques and
familiarity with standard tools, layouts, and materials.

● BUDGETING: Have budgets and sponsors figured out as soon as possible.
Between costs for registering for the competition and material costs, it is advised
to be prepared to pay these costs and not let unexpected fees come up.
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Appendix A: Resumes
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Appendix B: Basic Layout from Rules

Page 23 of 46



Appendix C: Phase 1 Report
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Cost Calculations
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Appendix D: Phase 2 Drawings and Framing Plans
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Appendix E: Phase 4 Visual Aid
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