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Executive Summary

The Sawmill Museum in Clinton Iowa has requested a design proposal for an outdoor 
amphitheater with an accompanying stage and pavilion. The four blocks to the north and 
northwest of the museum are available for construction of the project. The block directly north of 
the museum is solely owned by the museum, while the remaining blocks the museum is a 
majority holder. The amphitheater must also cohabit the property with the existing museum as 
well as a proposed event center.

The project team consists of two senior civil engineering students at the University of Iowa 
enrolled in a senior capstone design course. The engineers have experience via coursework 
involving design using various materials, including foundations.

The facility is to accommodate both large and small-scale events. Larger events, such as the 
Lumberjack Festival and the Canadian Pacific Railway Holiday Train, draw in thousands. 
Smaller events, both public and private, will have crowds of 100 people or less. This facility is a 
new venue capable of hosting a wide array of events. This allows the town new event 
opportunities, boosting the local economy through tourism. When not hosting events, the facility 
is to be a friendly and inviting space, attracting the local residents to spend more time in the 
area. Features will be added to make the area an excellent place for outdoor gatherings and 
entertaining.

The amphitheater will be located two blocks north of the museum, in the southwest corner of the 
lot. This location has an orientation and shape that would best make use of the circular design 
of an amphitheater, maximizing the square footage while still keeping the audience close to the 
stage. The structure will be orientated so that the center of the amphitheater faces towards the 
railroad, allowing a clear line of sight to the railroad.

Figure 1: Project location



A 3-tier amphitheater facility will be constructed, primarily made out of engineered soil. The soil
will be trucked in and built up to provide the tiers of the amphitheater. The tiers will be large
enough for permanent seating such as benches and picnic tables to be installed on the tiers.
The first two tiers will be supported by wooden tangent pile walls, while the final tier will be
supported by reinforced concrete retaining walls. The amphitheater will have a capacity of 800
people. A 725 square foot stage will also be constructed, along with a pavilion structure on top
of the stage. The stage and pavilion will be constructed out of a combination of wood and
concrete. The pavilion will be open, without any walls to interfere with the line of sight to the
railroad.

The stage will also have a hydraulic lift in the back, allowing large machinery and equipment to
be moved and displayed on the stage. The lift will be accessed via a staging area with a
driveway connecting it to Grant Street. The staging area will be made of reinforced concrete,
and be large enough and strong enough to support machinery that is too large to fit on the
stage. The staging area will wrap around the back half and sides of the stage, allowing the
machinery to be displayed to the amphitheater audience.

Figure 2: Plan view of project

All structures were analyzed for structural stability and a stormwater runoff analysis was 
performed for the pre and post-development of the project site. Plans for the final designs were 
provided through AutoDesk drawings. The final designs were submitted by May 14, 2021.



Organization Location and Contact Information

mike.silfu@gmail.com 630-640-9933
Iowa City, IA
Project Manager: Mike Silfugarian

Organization and Team Description

Mike Silfugarian
Project Manager, Editor
University of Iowa, Class of 2021
Civil Engineering, Structural Concentration

Mike Rangel
Tech Support, Editor
University of Iowa, Class of 2021
Civil Engineering, Civil Practice Concentration

Description of Experience with Similar Projects

Mike Silfugarian has taken design courses at The University of Iowa regarding steel structures, 
wood structures, concrete structures, water resources, and foundations of structures. He has 
internship experience working with deep foundations, through Case Foundation Company. He 
also has construction experience, working as a construction intern with HR Green.

Mike Silfugarian will be responsible for the pavilion and amphitheater.

Mike Rangel has taken design courses at the University of Iowa regarding steel structures, 
wood structures, transportation, pavement, and foundations. He has unique concrete design 
experience through concrete canoe. He also has experience working on residential construction 
sites.

Mike Rangel will be responsible for the staging area and stage.
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Proposed Services

1. Project Scope

The requested tasks to be completed for the project are the design of an amphitheater and a
stage with a pavilion for both large, special events and regular use by the Sawmill Museum. The
largest population use of the theater will be for the Canadian Pacific Railway Holiday Train that
comes through each December. Seating for at least 250 people was requested. More seating
will be available through green space and spread picnic tables. A hydraulic lift will be
incorporated with the stage so that heavy equipment can be used for presentations and
demonstrations.

The stage will work year round for the large holiday train event while smaller events such as
concerts and movies can be shown during nicer weather. Lighting for night events will be
present in the stage and throughout the amphitheater. Seating and green spaces will be a focus
to provide a welcoming environment around the amphitheater. A handicap accessible area will
be provided on the ground level of the amphitheater. The area will have sidewalks connecting to
the main sidewalk on the western side of the block. Coordination with the other student design
group responsible for an event center is necessary to determine areas of respective projects,
whether the projects are incorporated or not. Shared restrooms and parking for both projects
are handled by the other student design group.

The final design consists of a 725 square foot reinforced concrete stage, with a pavilion
covering that also has a footprint of 725 square feet. The pavilion has an open concept, and
starts at an elevation of 12 feet above the top of the stage.The amphitheater has a capacity for
roughly 800 people when permanent seating is not furnished in the tiers. The handicap
accessible area can accommodate up to 80 people. The three raised tiers have elevations of
1’-4”, 2’-8”, and 8’-8” respectively. These elevations allow a larger audience to be able spectate
events on the stage, as well as the Holiday Train behind the stage, than if it were to remain a flat
surface. The tiers will have horizontal depths of 15’, 15’, and 20’ respectively. The back tier will
have a railing enclosing it.

2. Work Plan
The work plan seen below proposes a week minimum between each component of the
construction. Four weeks are given for each component involving concrete to allow for proper
curing. The stage cannot be poured until the pavilion columns are completely cured. Also, the
framing of the pavilion roof cannot begin until the stage concrete has cured. The staging area,
stage foundation, and retaining walls theoretically can be poured simultaneously as they do not
depend on each other. Care will be taken to allow proper timing for concrete while spending the
time waiting on other aspects of the construction like the cut/fill and landscaping. All time frames
are a minimum and actual construction timing will be up to the contractor in charge.



Table 1. Work Plan

3. Methods and Design Guides

The methods and design guides used during the design of the project will be detailed in the
FInal Design Details section of the report. Resources will be cited in Appendix E.



Constraints, Challenges and Impacts

1. Constraints

The project must accommodate both large and small events. The museum has requested a site 
that has a capacity of 250 people, but with the large crowd of thousands that are drawn to the 
Holiday Train, a larger capacity would be more advantageous. The amphitheater must be 
situated so that the audience will be able to observe the train as it comes through, and the stage 
not being a major obstruction to the line of sight.

The project must be constructed on a site that is owned by the museum. Of the available lots to 
build on, the two blocks north of the museum are the only ones that are fully owned by the 
museum. The northernmost block has a small portion in the northwest corner owned by a third 
party, but the client communicated that the owner of that land would be willing to sell or donate 
that land for a project such as this. The block directly north of the museum has been chosen as 
the site for another potential future project, an event center for the museum. A sense of 
continuity between the museum, event center, and amphitheater must exist, as well as a route 
connecting all three spaces. This will be accomplished by a sidewalk running along the west 
side of both blocks, leading to the museum.

As the client is a museum focusing on lumber, there is a desire to make wood a featured 
material throughout the design. There is also a desire to make this space friendly to the 
community, and therefore a large percentage of the amphitheater itself will be grass. There are 
large open spaces surrounding the amphitheater, as the proposed event center is on the current 
site of the annual Lumberjack Festival, and the Festival still needs space in the area. The 
Festival requires an area with minimum dimensions of 70 feet by 100 feet. This open space can 
be used by the community to use similar to a public park when the Festival is not occurring.

2. Challenges

One of the main challenges of the project is that the site is quite flat. There is a change in 
elevation of roughly 2 feet between the west and east sides of the block, causing a concern 
about drainage and stagnant water. There is also no storm sewer present for runoff to flow into, 
causing the runoff to be a concern. This will be mitigated by having a vast majority of the surface 
area of the amphitheater itself be grass.

As a result of this being a fairly flat site, large amounts of engineered soil will have to be brought 
in to be used as backfill and to level the site.

The site is also very close to both a railroad and a river, and both present their own set of codes 
and regulations that must be followed.

Another challenge is working with another senior design group working on an event center for 
the museum. We must work with them to make sure that the sites we choose for our projects do



not interfere with each other or have conflicting styles of aesthetics. With two blocks being taken
up by these projects, and the event center being planned to be built on a space that is currently
used for parking and the Lumberjack Festival, we need to ensure that there still will be enough
space for parking and for the Lumberjack Festival to occur.

3. Impacts

This project will provide the museum, as well as the public, with a site to put on events for
education and entertainment, as well as many other types of events, such as weddings. This will
allow the area to become a major attraction in the town, drawing in tourists with the events that
are put on in this space and boosting the economic activity in the town of Clinton, Iowa.

The space will be open to the public, and create a space for the community to use for their
events, as well as a nice environment for daily activities, such as picnics, barbeques, exercise,
and other activities in the area surrounding the amphitheater and fixed seating in the
amphitheater itself. Permanent fixtures such as picnic tables, benches, gazebos, and grills can
be furnished and installed on site by the owners to provide amenities for the public to use while
on site.



Alternative Solutions

With multiple lots being available for project sites, all of the locations were considered for
construction of the project. Another potential option for the project would be incorporating the
amphitheater with the event center project. These options created a number of potential
locations and site plans.

Combining the amphitheater and the event center seemed to be a potential solution, but upon
further inspection, the concept would limit the impact that the amphitheater would have.
Combining the two projects would make it much easier for the museum to put on their own
private, daily events, as the stage would most likely be connected to the event center, making it
easy to move equipment onto the stage through the event center. However, this would limit the
impact that the amphitheater would have on the public. Being connected to the event center
would make for a much more uninviting space, and limit the amount of flat open area that would
surround the amphitheater.

Simply put, there is not enough space on one block to accommodate the event center and the
amphitheater, with the amphitheater effectively achieving the vision we have for it. It would be
difficult for the audience in the amphitheater to see the train as it goes by, as the event center
would be blocking one side of the field of view. The shape of the amphitheater would also have
to be rectangular to fit with the amphitheater, and feel confined, which is not the desired
atmosphere for the amphitheater. A large open area is the desired atmosphere, open and
inviting with clear views of the surrounding area. The semi-circular shape was also desired,
eliminating a space shared by the event center and the amphitheater.

The western sites did not have enough room either, and the block north of the museum made
the most sense for the event center, so we decided on the northernmost lot.

The two smaller tiers, with the 1’-4” vertical steps, were designed for the ends to consist of soil
with grass, at a slope of 5% going from the top of the tier to the surrounding area. This was
chosen over having the tangent pile wall extend to the sides of the tiers with there being a steep
drop at the ends of the tiers. The gentle slope was chosen mainly for aesthetic reasons, but it
would also remove the need for steps on the sides.

The hydraulic lift was chosen instead of stairs or a rampage providing access for equipment as
a ramp would end up using a large amount of material and space, and stairs are not an option
for the larger pieces of equipment. The lift installed is 4’ by 5’-8”. This limits the size of
equipment and machinery that can be shown on the stage. To make up for this, the staging
area, initially intended as just a small area for vehicles to unload equipment, was extended to
wrap around the stage. This allows for larger displays to still be seen by the audience seated in
the amphitheater. Equipment that is too large for both the stage and staging area will be parked
on Grant Street and shown from there.



The client had requested that the pavilion be made of cherry or mahogany. However, cherry
does not perform well outdoors, and mahogany is quite expensive. Instead, we propose that
Western Cedar is used, and stained mahogany. The same stain will be applied to the wooden
tangent pile walls. The pavilion was chosen to be an open structure to allow a clear line of sight
to the railroad behind it. A removal wall or curtain can be installed in the back to create a solid
backdrop for events as well. The client requested that the pavilion be in the East Lake
Movement architectural style, and a possible profile of the pavilion columns is provided, in that
style. The client may choose to use this design or seek a different profile.

To reduce the cost of the project, changing the shape of the amphitheater from a full semicircle
to an angled section was considered. Since the capacity of the semicircular design was larger
than the requested capacity of 250, changing the amphitheater from a 180 degree semicircle to
a 120 degree section of the circle with the same radii. However, the change in area still resulted
in a large capacity, and the aesthetics of the full semicircle was decided to fit the layout better.

The idea behind the large horizontal depth of the tiers was that small groups seated together
could still feel that they were together as a group, as opposed to fixed bench seating like a
stadium. The tiers were designed so that permanent seating such as picnic tables, benches,
and other tables could be furnished and installed throughout the amphitheater. This would
reduce the capacity of the amphitheater by occupying space that could be used for attendants,
but since the capacity is much larger than the requested 250, that is not a major concern.

The retaining walls of the final tier have several options for their aesthetics. To keep the theme
of wood materials used throughout the projects, boards such as a 1”x12” could be secured to
the outside of the retaining wall using brick anchors, spanning from the ground level to the top of
the walls. Another option would be artwork. The client had mentioned the idea of graffiti art
being present if a fence was to be constructed, and we believe that idea could be applied to the
concrete retaining walls. Artwork, such as graffiti or a mural done by a local artist, could be
painted on the concrete retaining walls to create a more inviting atmosphere than just the grey
of concrete.



Final Design Details

The wind analysis done on the pavilion was done using the Directional Method, and used ASCE
7-16 as the main reference. A risk category of 1 was assigned, and the structure was treated as
an open structure, with an internal pressure coefficient of zero. The wind directionality factor is
0.85, as the main wind force resisting system is being analyzed. The surface roughness and
exposure category were found to both be C. The elevation factor was found to be approximately
1.0, and the topographic factor was assumed to be 1.0.

The roof was analysed as a simple gable roof, of which the mean roof height was 19’-4”. The
wind pressures were calculated, and are shown in the following pictures. The full wind loading
calculations can be found in Appendix B.

Figure 3: North-South wind loading for pavilion

Figure 4: East-West wind loading for pavilion

The snow loading was also performed using ASCE 7-16. The flat roof snow load was found to
be less than the minimum of 20 psf, so the value of 20 psf was used. The slope factor was
found to be approximately 0.65 for a 30 degree sloped roof, unheated and unobstructed. This
resulted in a snow load of 13 psf. The calculations can be found in Appendix B.



The roof dead load was calculated with ASCE 7-16. The roofing consists of ¾” plywood,
single-ply felt waterproofing membrane, and asphalt shingles. This came to a total weight of 5.1
psf. This number was increased to 10 psf to account for the weight of the roof framing members.

For the individual members of the pavilion, load analysis was performed with the help of the
FTool program, as well as the preliminary design equations for wood members, from the
National Design Specification Design Values for Wood Construction. The results from the FTool
analysis can be found in Appendix C.

Using the calculated dead load, snow load, and wind loading, the forces were applied to the
members of the pavilion framing. With the help of the FTool software, forces in the members
were calculated. The members were then sized based on the preliminary design equations from
the NDS supplement. An adjustment factor of 0.75 was used for bending, a factor of 0.5 for
compression, and a factor of 1.0 for both shear and tension. For the rafters and purlins, since
they are attached to the roof sheathing, which provides a small increase in strength and rigidity,
they used an adjustment factor of 1.0. SInce the columns were to have a complex design, the
wind forces were calculated from an assumed diameter of 18”, as the diameter of the columns
would be larger in some areas than necessary for structural integrity. The moment created by
the wind pressure on the roof itself was also taken into account.

The wood used for the pavilion is Western Cedar, No. 1 grade. This wood uses the following
design values, in psi.

Table 1: Design values for No. 1 grade Western Cedar (psi)

A sample design of the retaining walls was provided as a reference, and is provided in Appendix
E, as well as a reference for the stairs to be used in the final tier. The design was altered to
have the correct dimensions for our project, and calculations were made to ensure that
overturning would not occur.

The active earth pressure of the backfill was calculated, and assessed using Rankine’s active
earth pressure equations. The forces of the earth pressure, the weight of the soil and concrete,
and the bearing pressure of the ground soil were all assessed as moments about the centroid of
the retaining wall.

The unit weight of the granular backfill and the topsoil was assumed to be 120 pcf, with an
active earth pressure coefficient of 0.33. The bearing capacity of the in-situ soil was assumed to
be 4000 psf. The active earth pressure force was calculated to be 1,487.2 lbs, at a location of
35” above the top of the retaining wall foundation.



The moments of the forces of the weight of the soil and concrete, the moment created by the
active earth pressure, and the moments created by the bearing pressure of the soil resisting
overturning all resulted in a stable wall. Also, the shape of the retaining walls resists overturning.
Due to its circular shape, the centroid of the wall as a whole lies within the area that the circle
creates, and thus itself provides a force resisting overturning.

The foundations supporting the pavilion were designed to resist the total dead weight of the
structure, as well as the snow loading and downward wind forces. 6 - 4’ deep, 24” diameter
foundations provide enough force to resist the total downward force of the pavilion, with an area
large enough to not exceed the bearing capacity of the soil. The top of the foundations is at 7’
below the ground level.

The maximum uplift from wind was calculated using the wind pressures, and the maximum uplift
force was found to have a vertical component of 8.3 psf over the area of the roof, resulting in a
total upward force of 3594 lb, which was rounded up to 4000 lb for  a conservative approach.
Providing uplift anchors that extend 3” horizontally at a depth of 6’, the uplift resisting force is
4750 lbs, enough to resist the forces of uplift.

Engineer’s Cost Estimate

Below is the total cost of each component of the project. Appendix D goes into further detail of
the costs for each component.

Table 2: Total cost of project

The unit prices were taken from bid data from Iowa DOT projects in the month of April 2021.
The prices used were the weighted averages for the materials. The lumber prices were taken
from a local lumberyard, however, a price of $1 per board foot was added to accommodate the
materials and labor associated with the staining of the wood.



Appendix/Attachments

Appendix A: Project Location

Figure A1: Project location



Appendix B: Calculations

Figure B1: Pavilion wind pressure calculations (1 of 2)



Figure B2: Pavilion wind pressure calculations (2 of 2)

Figure B3: Pavilion snow load calculations

Figure B4: Pavilion roof dead load calculations



Figure B5: Pavilion member sizing (1 of 2)



Figure B6: Pavilion member sizing (2 of 2)



Figure B7: Pavilion uplift calculations



Figure B8: Rankine’s active earth pressure calculations



Figure B9: Retaining wall overturning analysis



Appendix C: FTool Calculations

Figure C1: Truss Dimensions

Figure C2: Truss Axial Forces



Figure C3: Truss Bending Moments

Figure C4: Rafter/Collar Dimensions



Figure C5: Rafter/Collar Axial Forces

Figure C6: Rafter/Collar Bending Moments



Appendix D: Detailed Cost Estimates

Table D1: Final Cost Estimate



Table D2: Pavilion Cost Estimate



Table D3: Amphitheater Cost Estimate

Table D4: Stage and Staging Area Cost Estimate



Appendix E: Sources

ASCE 7-16

2010 ADA Standards

American Wood Council NDS Supplement

Iowa DOT April 2021 Bid Data

Figure E1: Reference for reinforced concrete retaining walls



Figure E2: Reference used for amphitheater third-tier steps



Figure 3E. Reference used for steel reinforcement of stage




