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Section I - Executive Summary 

We are a team of senior Civil Engineering students who will be graduating from the 

University of Iowa in December, 2018. We have decided to call ourselves ANA Engineers. For 

this project, we have designed a natural amphitheater for the Don Williams Recreational Area in 

Boone County, Iowa. Individually, the ANA Engineers have experience from internships and 

have taken courses to give us knowledge in structural engineering, transportation, and hydrology, 

which have prepared us to design this amphitheater. The tasks included with this design process 

were to design the stage, seating, parking, and site grading.  

The seating is designed to be a 20’ by 20’ concrete slab with a structure built up from the 

slab. The front side of the stage has two columns standing on either side. The columns are built 

out of a combination of concrete and timbers. The concrete columns are 1’ by 1’ with a height of 

2’4”. They are wrapped by limestone veneers to add a natural stone look. The timbers are 8” by 

8” and extend from the center of the concrete columns all the way to the roof. The back side of 

the stage is designed to be built up as a masonry load bearing wall. The wall extends from the 

slab to the roof of the structure. The wall is also wrapped with the limestone veneers to add a 

natural design aspect. The roof of the structure is designed as a pergola style roof. It consists of 

(19) 2” by 8” by 22’ sawn treated lumber that are angled at roughly 9 degrees and spaced 1’ 

apart from each other. The 2” by 8” lumber are connected to (2) 4” by 4” by 20’ beams which 

are attached to the front timber columns and the rear concrete masonry unit wall. On top of the 

2” by 8” lumber are (20) 4” by 4” by 20’ sawn treated lumber which are spaced 1’ apart. The 

stage also includes a concrete ramp on one side of the slab to allow for ADA accessibility.  

The seating is designed to accommodate an audience of around 115 persons. It is 

comprised of three tiers of seating created out of a combination of concrete retaining walls and 

natural grass in between the walls. The concrete walls are designed as arcs and are 1’ thick. The 

front wall protrudes 1.5’ from the ground and extends 3.5’ below the surface to go below the 

frost line. The second wall sits 6’ behind the front wall. The space in between the two arcs are 

filled with grass to provide a natural look. The second tier sits 1.5’ taller than the first tier, and 

the third tier sits 1.5’ taller than the second tier. The three tiers are split in half by a staircase 

which is 4’ wide. The staircase is comprised of 12 steps that are each 4.5” in height and 1’ 9” in 

length. In front of the seating area is a concrete slab which serves as a location for accessible 

seating.  
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The parking is designed to meet specifications from the Americans with Disabilities Act. 

With the seating designed to hold between 100 and 150 people, two ADA accessible parking 

spaces need to be provided. The parking spaces were added to the existing road going through 

the park at a location just to the south of the stage. Each parking space is 11’ wide and 18’ long 

with an 8’ wide access isle between the two spots. An 18’ concrete pad was added to each side of 

the parking spots in order to assist users trying to park in these spots.  

The cost estimates for this project were determined using RS Means Cost Estimation 

Handbook. The cost for the stage was estimated to be a total of about $15,500, the cost for the 

seating design was estimated to be around $22,000, and the cost of the parking was estimated to 

be about $5,500. The cost estimate for cut and fill of the site is about $44,000. This gives a total 

cost for the project to be about $87,000. This price includes overhead and profit. For finer details 

of the cost estimation, refer to Secton VII.   

The members of the ANA Engineers used programs such as AutoCAD, Civil 3D, Revit, 

and ArcGIS to design the various aspects of this project. We have been pleased to design this 

Natural Amphitheater for the Don Williams Recreational Area and believe that it should meet 

expectations. 
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Section II - Organization Qualifications and Experience 

1. Name of Organization: 

ANA Engineers 

2. Organization Location and Contact Information: 

a. Nathan Kemmer 

b. Phone # - (319) 210-1205 

c. nathan-kemmer@uiowa.edu 

3. Organization and Design Team Description: 

We are a team of civil engineering students who are studying at the University of Iowa in 

our capstone design class. Nathan Kemmer, project manager, has focused his studies on 

Structures, Materials, and Mechanics. Nathan focused on the stage design and structural 

aspects of the project. Andrew Quested has focused his studies on Civil Engineering 

Practice while also earning a math minor. Andrew focused his time on the seating design 

and drainage issues for the project. Lastly, Alexander Kluver has focused his studies on 

transportation. Alexander focused on the accessible parking spaces and also helped 

Andrew with drainage issues. 
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Section III - Design Services 

1. Project Scope: 

The natural amphitheater was designed and set in campground C of the Don Williams 

Recreation Area. The design incorporates the sloping topography of the location and uses 

native Iowan materials, such as natural stones and oak wood. The amphitheater stage is 

open with little to zero shade to provide natural lighting to the persons performing on 

stage. It will be built off the ground and showcases an overhang that invites persons to 

come watch. It includes a backdrop built as a concrete wall and wrapped with natural 

stones. The overhang uses Iowa’s native materials and blends in with the trees in the 

background. The seating is placed within the earth and allows for lawn to be grown in-

between the tiers of seats. The seating uses concrete as a retaining wall for the earth and 

provides natural seating for visitors. A concrete slab was included in front of the seating 

to serve as a platform for accessible seating. Accessible parking spaces were also added 

in our project site in order to meet the Americans with Disabilities Act specifications.  

2. Work Plan: 

 
Figure 1. Work Plan Gantt Chart  



7 
 

Section IV - Constraints, Challenges, and Impacts 

1. Constraints: 

There were several constraints within our project to consider: building location, 

requirements given by the client, and time. The building location, which is sloped prairie 

land, gave an issue of where to place the structure and its seating. The requirements given 

by the client were to ensure the design incorporated natural Iowan materials such as 

limestone and native Iowan timber. Another requirement given by our client was to 

ensure that the amphitheater was large enough to entertain a minimum of 100 people. 

Lastly, time was a constraint due to our group of student engineers graduating December 

16th and the term extending only to December 7th. After December 7th, our organization 

will no longer be spending time on this project. 

2. Challenges: 

The largest challenge this project was faced with was drainage. The desired location of 

the project will be on a sloped surface, naturally when the area receives a storm, the 

accumulated water will flow through the projected building site. Along with the rainwater 

flowing through the site, the project faced a challenge of not allowing water to flow over 

the seating or pooling onto the stage. The stage seating design incorporates a grassy area 

in-between seats, this brings up the issue of water pooling in-between the seats. Our 

client asked to have an Americans with Disabilities Act parking area. This left a 

challenge of ensuring rainwater also did not pool within the parking spots.  

3. Societal Impact within the Community and/or State of Iowa: 

It is reasonable to assume that this project will increase noise levels within the Don 

Williams Recreation Area; however, the noise is controllable by enforcing a quiet hours 

ordinance. The project will positively affect the daily lives of campers and visitors to the 

recreation area, since it will provide a new venue for multiple forms of entertainment. 

Major characteristics of the social environment, such as property rights and population 

characteristics, will not be affected because the project location is on an unused section of 

the recreation area. 
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Section V - Alternative Solutions That Were Considered 

Amphitheater Stage Alternatives 

An important alternative design was the roofing of the projects stage. The project was 

requested by our client to replicate a pergola style roof. The alternative to the pergola roof would 

be to have a completely covered roof. The pros to this design is to relieve the stage from natural 

elements from damaging the stage and sheltering the stage performers from these elements. 

Along with the roof, the stage has a few other alternative options. The load bearing wall is 

designed as a concrete masonry unit wall. This reduces cost and increases stability. The other 

options explored was to use a reinforced concrete wall, limestone block, or have the wall open 

supported by timber. The reinforced concrete wall pros would be increased bearing capacity as 

well as resistance to forces. However, the major con to this was the cost of building a reinforced 

concrete wall, as the construction cost would be much greater. The limestone block alternative 

design would have been very aesthetically pleasing, however the con is a major increase in cost 

versus the masonry and reinforced concrete wall. Having timber columns in the rear instead of a 

wall would have increased the depth of the stage, and brought down cost. However, the 

downside to removing the wall would have required a much higher capacity for loading on the 

roof. Another downside is the impact of the acoustics. Without a back wall, it is more difficult to 

project sound forward towards the audience. 

 Stage Seating Alternatives 

 One alternative design for the seating design was to use large limestone blocks instead of 

reinforced concrete. The pros to this design is that limestone is a natural material in Iowa and 

would have added a very attractive aspect into the seating. However, one of the downfalls of the 

limestone slabs is that the cost would increase. Another con for this design is that with the seats 

being in an arc shape rather than in straight lines, it would have been difficult to construct a 

curved seating wall out of the large limestone slabs that looks proper. Concrete is easier to form 

to a desired shape which is a major deciding factor as to why the limestone blocks were not used. 

Another alternative was to have bench seating going down the hill rather than building seats into 

the land. This would have resulted in a less expensive design because little earthwork would 

need to be done, it could have added more seats in order to hold larger crowds, and they would 

be easier to maintain. The problem with this design is that it would result in a lack of creativity 
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and appeal. Since this was not in the scope of the work and our client wanted a more natural 

design, we decided to abandon this design alternative. 
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Section VI - Final Design Details 

Our team designed an amphitheater which included the stage, seating, and accessible 

parking. In this section we will present the stage and its components, the seating and its 

components, the site drainage and hydraulic analysis, and finally the parking design.  

 

Concrete Foundation 

 The foundations for the amphitheater structure were designed to have two separate 

dimensions. The front side of the amphitheater will have two columns protruding upward on 

both sides to support the roof. The columns consist of a concrete sections this is 1’ by 1’ with a 

height of 2’4” with an 8” by 8” timber coming out the top of the concrete. The timber will sit 

inside the concrete at a depth of 1’ and extend to the roof. The concrete used should have a 

compressive strength of 4000 psi and incorporate grade 60 size #4 rebar to increase the tensile 

strength of the foundation. The footing below the column should 3’ by 3’ and have a depth of 8”. 

It will use a concrete mixture with a compressive strength of 3000 psi and will be reinforced by 

the rebar from the column. The rear foundation will use the same column setup as the front but 

will have a wider and longer dimension for the footing. The footing has been designed to be 20’ 

by 5’ with an 8” depth. It should us the same 3000 psi concrete mixture and be reinforced by the 

rebar from the column. The design standards for the columns and footings were the International 

Building Code 2015 Chapter 18 and ASCE 7-16 Chapter 6. The foundations were considered 

nominal for bearing capacity, sliding resistance, and uplift forces. A further in-depth overview of 

the foundation calculations is found in Appendix A under the “Foundation Calculation for 

Columns” on page 24-26 and under “Foundation Calculations for Wall side” on page 20-23. The 

drawings of the foundations can be seen on Sheet B.2 and Sheet B.4. 

 

Concrete Flooring 

 The flooring design is a concrete slab that is 20’ by 20’ and 6” in depth. It uses a concrete 

mixture with a strength of 3500 psi. The flooring was designed to withstand pressures from live 

loading and compressive stress from the rear wall and front columns. To withstand thermal 

cracking and expansion, the slab has been designed to incorporate grade 60 #4 rebar in both 

directions to increase tensile strength. The amount of rebar and spacing calculations can be found 

in Appendix A under the “Concrete Floor Reinforcement/Thermal Cracking” section on page 28. 
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The design standard used was the International Building Code 2015 Chapter 19. The drawings of 

the floor can be seen on Sheet B.2.  

  

Masonry Load Bearing Wall 

 The rear load bearing wall design consists of 225 8” by 8” by 16” concrete masonry unit 

(CMU) blocks with two cells in each block. The 225 blocks will comprise a 20’ by 11’ by 8” 

CMU wall which will be reinforced by vertical #4 rebar in every other cell. Along with the 

vertical reinforcement the CMU block cells will be filled with 200 total square-feet of grout. The 

compressive strength of the wall given by the weight promotes strong resistance to horizontal 

wind pressure and prevents the attached roof to resist vertical uplift. Once constructed the wall 

will be given weathering resistance, mortar, and will have limestone veneers wrapped around the 

wall to give a native Iowan look. When finished the wall will be approximately 12” thick. 

Calculations for nominal strength can be found in Appendix A under “Masonry Wall 

Calculations” on page 27. The drawings of the load bearing wall are found on Sheet B.2, B.3, 

and B.5. Design standards used for the CMU wall were International Building Code 2015 

Chapter 21 and ASCE 5-11 Building Code Requirements and Specification for Masonry 

Structures.  

 

Timber Column and Roof 

 The amphitheater designed incorporates two 8” by 8” by 15’ treated heavy structural 

lumber columns. The two columns were designed to each withstand load combination 3 on a 

tributary area of 100 square-feet. The columns are to be inserted into the concrete column 1’ 

below the concrete floor. This will reinforce the timber and reinforce allowing for a greater 

resistance to horizontal and vertical wind pressures. The compressive strength of the timber 

columns were found to be nominal given the density of the wood and maximum loading of the 

roof given by load combination 3. The roof consists of (19) 2” by 8” by 22’ sawn treated lumber 

that are angled at roughly 9 degrees and spaced 1’ apart from each other. The 2” by 8” lumber 

are connected to two 4” by 4” by 20’ beams which are attached to the front timber columns and 

the rear CMU wall. On top of the 2” by 8” lumber are (20) 4” by 4” by 20’ sawn treated lumber 

which are spaced 1’ apart. Calculations on the lumber can be found in Appendix A under “Dead 
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Load of Roof Calculation” on page 18. Details of the timber columns and roofing can be found 

on Sheet B.2 and B.3. 

 

Concrete Walls and Stairs 

 The seating design consists of four large concrete retaining walls in arc shapes that are 

each a foot thick. In between the arcs will be grass to provide a natural look. The front three arcs 

are a total of 5’ in height, while the back arc is only 3’ 6” in height. This is because the front 

three arcs are designed to be the location for spectators to sit. The front arc protrudes 1’ 6” from 

the ground, the second arc is 1’ 6” higher than the first, and the third is 1’ 6” higher than the 

second. The back arc sits at the same height as the third arc. All of the walls extend 3’ 6” below 

the surface to go below the frost line. The concrete used should be class C concrete with a 28-

day strength of 4000 psi. The reinforcement used for the walls will be grade 60 #4 rebars in both 

horizontal and vertical directions. This reinforcement will add tensile reinforcement and will 

help prevent thermal cracking. The specifications for the concrete walls were found in chapter 

6.7 of Iowa DOT Design Manual and chapter 19 of the International Building Code 2018. The 

stairs were designed to split the seating in half and have a total width of 4’. The stairs need to 

cover a total span of 22’ and a height of 4’ 6”. 12 total steps are needed in order to do so. Each 

step will have a tread depth of 1’ 9” and a riser height of 4.5”. The concrete used should have a 

compressive strength of 4000 psi and should use grade 60 #4 rebar for tensile reinforcement. The 

design specifications for the stairs for the stairs were found in section 9080.102 SUDAS 

Standards Specifications manual. Calculations on the concrete walls and stairs can be found in 

Appendix B on page 29-32. The drawings for the walls and stairs can be found in the plan view 

drawings on Sheet C.2 and Sheet C.3, respectively.  

 

Seating and Accessible Seating Dimensions 

 As stated above, the seating was built up by concrete retaining wall arcs. The arcs add up 

to a total length of about 190’. Using a width of 20” per seat allows for at least 115 people. The 

desired number of seats for the design was between 100 and 150 people, therefore the design is 

adequate to hold the size of the desired audience. The height and width per seat were based off of 

typical dimensions of an American stadium seat.  Calculations for the seating dimensions can be 

found in Appendix B. According to the Americans with Disabilities Act for stadium seating, 1% 
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of seating should be accessible seating. In order to achieve this, a concrete slab was included in 

front of the seating to accommodate two accessible seats. The slab has a 2% slope to prevent 

water from pooling on the slab. Calculations on the seating can be found in Appendix B on page 

34. 

 

Drainage 

Although the flow of rainwater for the site is directed around the seating, there will still 

be rain that will fall on the grass between the seats. In order to prevent water from pooling in this 

area, drainage holes need to be included in the concrete walls. The holes are designed to be 3” in 

diameter and are spaced out every 4’ on each tier of seats. Below the grass, a gravel subbase with 

an impermeable surface below it is included to promote the water to flow through the drainage 

holes. The cross section with the drainage schematic can be seen in the plan view drawings. The 

drainage requirements were found in section 9071 of the Iowa DOT design manual.  

 

Hydraulic Analysis 

 Pre and post-development hydraulic analyses were performed based on Chapter 2 of the 

SUDAS Design Manual. The rational method was used because the drainage area was smaller 

than 10 acres. The drainage area was measured using ArcGIS, which yielded an area of 

approximately four acres. The peak discharge for the pre-development hydraulic analysis was 

calculated to be 3.9 cubic feet per seconds. Post-development was calculated as 4.0 cubic feet per 

second. It was determined that the change in discharges was insignificant and no further 

hydraulic design was needed. Calculations on the hydraulic analysis can be found in Appendix C 

on page 35-37. 

 

Parking Design 

The location of the site was determined to be a commercial recreation zone. Per Article 

VI of the Boone County Zoning Ordinance, a commercial recreation zone requires one parking 

space per four persons of licensed capacity. The amphitheater is designed for a capacity of 100-

150 persons, which would require at least 38 parking spaces. According to the Americans with 

Disabilities Act Standards for Accessible Design 4.1.2 (5), of the 38 parking spaces, at least two 

are required to be accessible parking spaces. Of the accessible spaces, at least one is required to 
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be van accessible. A standard van accessible space, per the Iowa SUDAS Design Manual, is 

eighteen feet long and eleven feet wide with a five foot wide access aisle. With an eight foot 

wide access aisle, the standards allow that the van accessible space can be reduced to eight feet 

wide. This parking design uses two van accessible spaces that share an eight foot access aisle. 

The layout of the accessible parking can be found in Appendix D on page 39.  

In addition to the parking spaces, a concrete pad was designed to aid drivers in entering 

and exiting each space. Using the swept path analysis tool from Autodesk, it was determined that 

the pad should extend eight feet beyond the edge of the parking spaces to provide enough space 

to turn into and out of the parking spaces without driving through mud or grass. The pad will 

replace the existing road near the parking spaces. Since the existing road is 24 feet wide, the 

dimensions of the pad will be 40 feet long and 24 feet wide. The swept path analysis can be 

found in Appendix D on page 38. 

Section 8B-1 of the Iowa SUDAS Design Manual was used to determine the required 

thickness of the pavement. There was no soil test available to determine the CBR value, so a 

CBR value of 3 and a non-uniform subgrade were assumed. Based on Table 8B-1.03 from the 

SUDAS design manual, the thickness used for the design was six inches on top of twelve inches 

of prepared subgrade. Combining the thickness with the total area of the parking spaces and the 

concrete pad yielded a volume of 696 cubic feet of concrete and 1392 cubic feet of subgrade. 
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Section VII - Engineer’s Cost Estimate 

The cost estimate was done using the 2017 RS Means catalog. RS Means uses the 

national average to determine costs of almost any construction item thought of. For this project 

the Heavy Construction Cost Data book was used. Since the 2017 book was used the cost of 

items was increased by a little under 1% from the 2017 average to predict inflation into the 2018 

year. Overhead and Profit (O&P) was not marked up and there were no contingency costs added. 

The O&P strictly includes the material, labor, and the equipment used. Therefore, the total cost is 

a reflection of those three items.  
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Appendix A: Design Calculations for Amphitheater Stage 
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Appendix B: Design Calculations for Seating 
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Appendix C: Hydraulic Analysis Calculations 
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Appendix D: Parking Design 

 
Figure 1: Swept Path Analysis 
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Figure 2: Van Accessible Parking Dimensions 

 
  



40 
 

Bibliography 

American Society of Civil Engineering, ASCE 7-10 Minimum Design Loads and Associated 

Criteria for Buildings and Other Structures 

American Disabilities Act, Restriping Parking Lots 

 https://www.ada.gov/restripe.pdf 

American Disabilities Act, Accessible Stadiums 

 https://www.ada.gov/stadium.pdf 

American Wood Council, National Design Specifications for Wood Construction 

American Wood Council, Special Design Provisions for Wind and Seismic 
Boone County, Iowa, Zoning Ordinance – Article VI: Parking Regulations 

https://www.boonecounty.iowa.gov/government/planning-development/department-of-
planning-development/zoning-ordinance 

Iowa DOT, Design Manual, Chapter 6.7 – Retaining Walls 

 https://iowadot.gov/bridge/policy/06-07-00RWallLRFD.pdf 

Iowa DOT, Design Manual, Chapter 12 – Sidewalks and Bicycle Facilities 

 https://iowadot.gov/design/dmanual/12A-02.pdf 

Iowa DOT, Design Manual, Section 9071 - Segmental Block Retaining Walls 

 https://iowadot.gov/erl/archiveoct2015/US/content/9071.htm 

Iowa SUDAS, Statewide Urban Design and Specifications 

 http://www.iowasudas.org/ 

The Masonry Society, TMS 402/602  Building Code Requirements and Specification for 

Masonry Structures 

 

 

https://www.ada.gov/restripe.pdf
https://www.ada.gov/restripe.pdf
https://www.boonecounty.iowa.gov/government/planning-development/department-of-planning-development/zoning-ordinance
https://www.boonecounty.iowa.gov/government/planning-development/department-of-planning-development/zoning-ordinance
https://iowadot.gov/bridge/policy/06-07-00RWallLRFD.pdf
https://iowadot.gov/design/dmanual/12A-02.pdf
https://iowadot.gov/erl/archiveoct2015/US/content/9071.htm
http://www.iowasudas.org/

	Final Deliverable cover - portrait.pdf
	Slide Number 1
	Slide Number 2


