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Section I: Executive Summary 

The city of Sabula, Iowa, is an island town situated on the Mississippi River. In recent years, the 

city has invested in its historic downtown to increase revenue from tourism. As part of this effort, 

this project has been designed to upgrade Sabula’s municipal boat landing and park to create a 

welcoming front door to the Mississippi River for tourists and local residents to enjoy. 

The current municipal boat landing faces an array of challenges that negatively impact the 

usability of the facility. The concrete surface of the boat ramp has degraded after years of use. 

The ramp also stops just two feet into the water, making it easy for trailers to get stuck in the 

muddy riverbed. The dock is also currently limited in size, reducing the efficiency of the site and 

increasing the time it takes boaters to put their boats in and out of the water. On land, the site 

features an outdated pavilion. The site also has limited parking options with no spaces for trailers 

to park. The lack of public restroom options also limits the current usability of the site for 

boaters.  

The objective of the Sabula Municipal Boating Landing Project is to improve upon and add new 

amenities to the site to increase the overall usability of the site for recreational boaters. The 

project addresses four main areas of concern: the limitations of the current ramp and dock, the 

outdated pavilion with a lack of restroom facilities, the limited on-site parking options, and the 

lack of wayfinding resources. 
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Figure 1: Project Site 

Our team has designed renovations and additions to resolve the areas of concern detailed above. 

Our recommendation for the boat ramp is to replace the concrete of the existing ramp, and to 

extend the length of the ramp underwater to 20 feet by anchoring a webbing of cable concrete 

into the end of the ramp. This solution will improve the usability of the ramp and prevent trailers 

from easily becoming stuck in the water. 

For the boat dock, we have designed a layout featuring the same dock pieces the city currently 

uses at the site decreasing the initial costs of this portion of the project. This layout will increase 

the capacity of the dock, allowing up to five boats on the river facing side of the dock, with room 
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for additional smaller boats along the land facing side. The sides of the dock will also be 

outfitted with a reflective material, increasing visibility at night. These additions to the boat dock 

will improve the usability of the site for boaters and provide additional space for boaters to tie 

off to and make use of the other site facilities or explore Sabula’s downtown. 

We recommend that the current pavilion be removed and replaced with a larger structure with 

more gathering space for visitors. While the current pavilion has no immediate structural 

concerns, we believe a new facility will create new opportunities for the park of Sabula’s boat 

landing. The pavilion will include two separate areas, allowing for multiple groups to occupy the 

structure. Counterspace and electrical outlets will be included in the pavilion to accommodate the 

many groups of people using the space. Grills will also be located a short distance away from the 

pavilion. To improve accessibility, a sidewalk network will be created, running from the boat 

ramp on the north end of the property towards the pavilion on the south end. 

Figure 2: Pavilion and Restroom 

Separating the two areas of the pavilion are the restroom facilities. The prefabricated structure 

will feature two single user restrooms and serve as a storm shelter capable of withstanding high 
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winds up to 250 mph. While in use as a storm shelter, each restroom will have an expected 

capacity of 12 people. The dual use of this space will provide a much-needed resource for 

boaters and visitors to the site. 

Improvements to the on-site parking options will also benefit boaters and visitors to the site. 

Temporary trailer parking will be positioned near the boat ramp, creating dedicated space for 

queued boaters to ensure the street remains accessible for drivers. In addition, accessible parking 

will be provided near the pavilion, further improving the functionality of the site. 

For those visiting from out of town, the inclusion of wayfinding resources will help navigate 

them throughout the city of Sabula. A wayfinding board will be located at the corner of the boat 

ramp and River Street, providing directions to long-term trailer parking and to several restaurants 

and amenities around town. Extra space on the wayfinding board could be used to promote 

events and activities being held at the boat landing’s park. 

We have broken down the expected costs for the main areas of design. The estimated cost of the 

boat ramp is $48,300. The estimated cost of the dock is $24,800. The expected cost of the 

pavilion is $153,500. The expected cost of the restroom facilities is $78,400. The anticipated 

costs for all other site features—including sidewalks and landscaping—total to $52,000. Upon 

completion of all project elements, the total estimated cost comes to $357,000. 

Most of the project’s elements discussed are independent of each other and can be developed as 

funds are available. However, if the restrooms are developed prior to the pavilion, they will need 

to be located north of the existing pavilion. Once the new pavilion is installed, a partition wall 

can be added in place of the restrooms to maintain the two separate spaces of the original design. 
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As a lower cost option, it is possible to focus on the renovations to the boat ramp and the 

installation of the restroom and storm shelter facility. Both project elements address the more 

immediate concerns of the site that were previously addressed. Upon completion of the lower 

cost option, the total expected cost comes to $133,200. 
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Section II: Organization Qualifications and Experience 

Organization and Design Team Description 

The project was completed by a team of senior civil engineering students at the University of 

Iowa in the capstone design class. Isaac Mize specializes in structures, Larry Phan specializes in 

architecture, and Caleb Wright specializes in structures. The project was split into four main 

pieces, the dock and ramp, pavilion and restrooms, parking, and wayfinding resources. Working 

on the dock, ramp, and wayfinding resources was Isaac Mize. The parking was worked on by 

Caleb Wright. Finally, the Pavilion and restrooms were completed by Larry Phan with some 

assistance on the restrooms by Caleb Wright. 

mailto:isaac-mize@uiowa.edu
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Section III: Design Services 

Project Scope 

The main objective of the Sabula Municipal Boat Landing Project is to improve the accessibility 

and amenities of the project site—attracting boaters and tourists to the city. Four main areas of 

design were the focus of development, improving the capacity and accessibility of the ramp and 

dock, developing an eye-catching pavilion with a restroom facility for visitors capable of acting 

as a storm shelter during severe weather, increasing the scope of the on-site parking area to allow 

for temporary boat trailer parking, and providing wayfinding resources for out-of-town boaters 

and visitors. Listed below are the desirables the client would like to see implemented. 

Table 1: Client Desirables 

The existing dock is limited in size and capacity, reducing the efficiency and usability of the site. 

By adding additional dock pieces, more boats will be able to tie off at the site, allowing more 

boaters to stop at the site and utilize its facilities. 

The concrete boat ramp will be removed and replaced. In order to extend the ramp further into 

the water, a cable concrete system will be placed on the riverbed. This system will also be 
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anchored into the end of the concrete ramp. This easy to construct option makes it easier for 

boaters to back their trailers into the river without getting stuff in the riverbed. 

To improve the navigability of the site, a sidewalk system will extend from the dock’s gangway, 

running parallel to the boat ramp, up to River Street. It will then run parallel to River Street 

towards the pavilion and parking spaces. 

The redesigned pavilion structure focuses on creating additional space for visitors and provided 

amenities to accommodate a variety of events. The restroom facilities divide up the space into 

two separate areas, making it easier for multiple groups to use the pavilion simultaneously. 

Electric outlets and counter space also help accommodate events such as family gatherings or 

cookouts. A knee wall is also included around a portion of the exterior to help contain the space 

of the pavilion. 

The restroom facilities are situated directly underneath the pavilion, providing a convenient 

location for boaters and visitors. The building features two single user restrooms and a utility 

closet. The structure also doubles as a storm shelter, providing a safe location for boaters during 

severe weather. The restrooms are a prefabricated design from Easi-Set Worldwide, and will 

accommodate wind speeds up to 250 mph. 



11 

Work Plan 

Figure 3: Gantt Chart of Work Schedule 
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Section IV: Constraints, Challenges, and Impacts 

Constraints 

Some of the constraints for the project ranged from specifications made by the client to those 

created by the environment and site layout. Another main constraint of every project is the 

deadlines for tasks. Deadlines must be met to keep both sides of the project in check and on 

schedule. 

The main constraints given by the client are as follows: limited budget and having the 

playground to the south remain untouched. Of the constraints given by the client, arguably the 

most important is the limited budget. Due to the small size of the city, a project that is 

inexpensive is required to make sure the project can be completed. 

Constraints tied to the location of the proposed site involve the total size of the site and the 

location of the site relative to the floodplain. The footprint of the site doesn’t allow for much 

width to be added due to the shared boundary with the river. However, the site does provide 

ample space to stretch out the designs chosen and make up for the lost width. The site is located 

1ft above the 100-year floodplain. Originally it was assumed that there would be extra building 

constraints because the site is located just off the river, and it was unsure where it sat relative to 

the floodplain. However, since the site is already 1 ft above the 100-year floodplain there should 

not be many constraints related to this. 

Challenges 

Along with constraints, the project has its fair share of challenges that come with it. As stated 

above in the constraints section, the limitations of a small city include a smaller budget. This is a 

major challenge for the project considering the requested changes to the boat ramp and parking 
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lot. Both aspects of this design will require a lot of concrete which will account for a large 

portion of the cost. To combat this, we investigated adding an attached restroom facility which 

doubles as a safe room. If the restroom can meet the requirements of a safe room, part of the cost 

could potentially be funded by a hazard mitigation grant. Another way to bring the cost down 

was the implementation of a phase plan for the dock. The dock was presented in full and split 

into separate sections with multiple phases. The idea behind this was to provide the client with a 

way of stretching the dock expansion over a longer period, to allow for the client to choose how 

many pieces to add whenever they are needed.  

A challenge related to the project location is the availability of space east to west on the project 

site. The location has plenty of space running north – south but doesn’t provide much width. 

Because of this, the ramp slope is hard to adjust and will have to remain somewhat steep. This 

makes providing ADA access somewhat tricky. In order to combat this, the location of the dock 

to the north of the town can be pointed out for those in need of an accessible launch. This would 

tie into a wayfinding map for the project site. 

One of the other challenges introduced to the project is how to maintain access along the road 

during the construction phase of the project. The road is one-way which further complicates 

things; however, it is a low traffic road and has a very large width to provide plenty of room for 

vehicles to pass by. If needed, the space to the north side of the existing pavilion can be used as a 

staging ground for the construction equipment rather than the road. It was stated by the client 

that the bar across the street utilizes this parking space for their business, so it would be 

beneficial to keep those parking spots open for public use while construction is happening. 
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Societal Impact within the Community and/or State of Iowa 

This project will add to the community’s enjoyment of the Mississippi River. The changes made 

by the project site will attract more people to Sabula. With the use of signs facing the river, it 

will provide those passing an opportunity to explore Sabula on a break. This should in turn bring 

in additional revenue for the community and local businesses. 
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Section V: Alternative Solutions 

Throughout the planning phase of the project, several design alternatives were considered for 

each of the design objectives. While some of these designs were ultimately scrapped, others were 

used as a building block to develop the final designs detailed in the following section.  

Restroom Facility 

One of the main design objectives of the project is the addition of restroom facilities to the site. 

Several designs were considered that came with their own sets of features and limitations. The 

first design we conceptualized was the renovation of the existing city owned storage building, 

located just across the street from the project site. The building already included utilities for 

electrical and water, making it an excellent candidate for the location of the restrooms. The 

facility would feature two single user restrooms, as well as a welcome center and a storage room 

for city use.  
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Figure 4: Restroom Alternative 1: Storage Room Renovation 

Figure 5: Restroom Alternative 1: Storage Room Renovation Floor Plan 

While this option made good use of an existing structure and the utilities it included, its location 

across the road from the site would have been less convenient for boaters and other visitors to 

access. One other challenge with this design would have been building within the existing 

structure and getting it to the storm shelter requirements. To prioritize safety and user 

accessibility, we decided against this option for our final design.  
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The second design option for the restroom facility involved removing the existing storage facility 

and replacing it with an entirely new structure. By building from scratch, we would be able to 

increase the strength of the building to accommodate higher wind loads, allowing the restrooms 

to function as a saferoom during severe weather events. The facility would also feature two 

single user restrooms, a welcome center, and a storage room for city use.  

Figure 6: Restroom Alternative 2: Storage Room Replacement 
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Figure 7: Restroom Alternative 2: Storage Room Replacement Floor Plan 

While this concept allowed us to implement additional features such as the saferoom, it 

ultimately suffered the same flaw as the previous option: not being in an ideal location for 

visitors. While this design was not selected, the saferoom concepts would be carried over into the 

final design.  

The final design alternative we considered was incorporating the restrooms directly into the 

pavilion design. This restroom design features two single user restrooms and is conveniently 

located for visitors at the pavilion and playground.  
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Figure 8: Final Restroom Design 
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Figure 9: Final Restroom Floor Plan 

This design solved the main design flaw of the previous two options. However, it is not without 

its drawbacks. While the current pavilion has utilities for electricity, it does not currently have 

plumbing, requiring additional construction underneath River Street. In addition, the facility does 

not include an indoor welcome center.  
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Pavilion Design 

Multiple design options were explored for the pavilion, including original concepts, renovations, 

and amenities. The first design is an original construction, featuring a modern design the 

resembles the waves of the river. The design also incorporates the roof to naturally gather water 

into a gutter and disperse it into nearby greenery, potentially a small garden. The roofing would 

be limited in structure, with a minimalist vision, having its support within the roof itself instead 

of using beams and joists.  

Figure 10: Pavilion Alternative 1 

The final design alternative is a rebuild of the existing pavilion. This would be the most cost-

effective option and would focus on incorporating multiple amenities, such as including the 
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bathroom within the pavilion, which will double as a storm shelter. The addition of knee walls 

will help keep small children from wandering to the riverbank and provide some protection from 

winds off the river. 

Figure 11: Architectural Render of Final Pavilion Design 

Figure 12: Pavilion Alternative 2 
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Figure 13: Pavilion Reference Image 

Figure 14: Knee Wall Example 
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Dock and Ramp Design 

The city of Sabula recently purchased two floating docks from Hewitt Machine and 

Manufacturing Inc. Due to the modular nature of these docks, we decided the most simple and 

cost-effective approach was to build upon what the city is already using. The design options for 

the dock focused on the extension of the current facility and the order that new additions should 

be completed to maximize the use of city funding.  

Figure 15: Dock and Ramp Alternative 1 

Building off the original dock outlined in red, the main body of the new dock—outlined in 

orange—would extend downstream parallel to the shoreline. This allows us to increase the 
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dock’s boater capacity while also building downstream towards the pavilion and the secondary 

access point, outlined in yellow. Finally, if the need for further capacity arises, additional 

sections can be installed running perpendicular to the main dock. This design layout is very 

flexible and can be adjusted depending on demand and weather conditions.  

The largest drawback with this layout is the overall scale of the project. In order to complete 

each phase, over 20 dock pieces would be required. At this size, the dock far exceeds the 

foreseeable dock capacity requirements for the site.  

Figure 16: Dock and Ramp Final Design 

Reassessing the previous option led us to reduce the overall size of the dock in order to more 

closely match the expected capacity of three or four boats. The river facing side of the dock 

while have a capacity of five boats, with the end dock capable of accommodating larger boats. 

This option is significantly more cost effective for the city of Sabula and better fits the needs of 

the site. Should the dock’s capacity become a limitation in the future, additional dock pieces can 

always be added further downstream in a similar pattern. The plan does remove the secondary 
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access point planned in the original phase plan, but an additional sidewalk network on land will 

still allow boaters to move between the docks and pavilion facilities.  

On-site Parking 

Several parking alternatives were also developed with the objective of increasing parking 

capacity for visitors. In these alternatives, temporary trailer parking spots were included north of 

the car parking.  

Parking design 1 is a redesign of alternatives explored during the preliminary phase. The on 

street parking stays relatively similar to the current parking conditions. Accessible parking 

options were added to the location. The one main addition that this design adds is trailer parking 

next to the boat ramp. Enough space was left for two trailers to park on the site. This idea was 

eventually scrapped as the trailer parking just did not seem feasible for the location and would be 

very hard for the community to use. 
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Figure 17: Parking Design 1 

The second and final design shown below is an improvement of design 1. ADA parking was 

added to the location as well as a sidewalk up to the boat ramp. The temporary trailer parking 

provides enough space to fit two trailers comfortably. Some space is left between the trailer 

parking and car parking. This provides an opportunity to add an additional parking space or 

expand the parking stall widths. 
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Figure 18: Parking Design 2 
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Section VI: Final Design Details

Pavilion 

The ultimate recommendation for the pavilion was to incorporate a bathroom facility within the 

pavilion to have easy access without the need to risk crossing the road. This new design will 

feature a redesigned pavilion with a bathroom facility located underneath. The total area will 

take up an approximate 75’ x 15’ of land with length of the structure run North to South. The 

construction of the pavilion will be primarily made of up of Southern Pine No.1 as the wood is 

both strong and cost effective for this project.  

The bathroom will be a precast structure, with the predetermined dimensions of 10’-8” x 17’-6”. 

It will serve two symmetrical, unisex bathrooms with ADA compliant turning spaces with a 

utility room in between. The south wall of the casting shall be placed approximately 20’ from the 

first columns on the south side of the pavilion.   

Currently, there is a grill in the current pavilion that would need to be removed during 

construction. However, to keep this amenity, it is suggested to purchase an in-ground charcoal 

grill to replace the current one. A 4 in. commercial park bi-level charcoal grill with post selected 

as the recommended grill, however, other equivalent products can be selected if desired. 

The pavilion will be classified as an open building with risk category II, and exposure level D, as 

it sits next to a body of water. These categorizations will be used to determine the structural 

analysis as well as the standards that the pavilion must meet. Using ASCE 7-16 procedures can 

calculate the design loads and deflections for the systems of the building. Loads that will be 

applied onto the structure shall be considered as dead load, wind load, and snow load, from 

ASCE 7-16 Section 2.3.1. 
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Figure 19: Final Pavilion Design Front Elevation

Figure 20: Final Pavilion Design Floor Plan 
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Figure 21: Final Pavilion Design Side View 

Dock and Ramp 

In order to reduce the number of dock pieces required for the new layout, the same dock style 

and dimensions as the city's current docks were selected. The Floating Truss Dock manufactured 

by Hewitt Machine and Manufacturing features an aluminum deck, aluminum truss framing 

around the sides, and a floatation tank underneath. Each dock piece is 14 feet long by 8 feet wide 

and is assembled using hinges to allow the structure to adjust with the waves. To keep the docks 

from drifting, a steel pole is attached to each dock piece and dropped into the riverbed.  
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Figure 22: Dock and Ramp Final Design. The grey rectangles represent average sized boats. 

The implementation of the dock and ramp design has been broken down into two main phases; 

the first phase is focused on addressing the limitations discussed previously, and the second 

phase is focused on the future growth of the project site. 

The portions outlined in red depict the existing infrastructure, consisting of two dock pieces and 

a gangway. The first phase, represented in yellow, adds six additional dock pieces, implements a 

sidewalk to access the dock from River Street, and reconstructs and extends the boat ramp’s 

underwater length to 20 feet. The second phase, represented in blue, adds five additional dock 

pieces to the end of the docks from the first phase. The second phase can be repeated 

downstream as necessary, with each repeat increasing the total boat capacity by two. 
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Figure 23: Dock Piece Section View 



34 

The gangway will be connected to the dock with a hinge connection, and a sliding hinge 

connection on land to allow the gangway to adapt to changes in water elevation. 

Figure 24: Gangway View 

The boat ramp is to be reconstructed, with the addition of cable concrete laid out for the 

underwater portion of the ramp. The cable concrete is composed of concrete pieces weaved 

together using a netting material. Each concrete piece measures 15.5” x 15.5. The total area of 

cable concrete is 600 square feet, with the sheer extending out 2 extra feet on the sides of the 

ramp. The last two end pieces of concrete are embedded in the end of the ramp, keeping the sheet 

in place. 
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Figure 25: Cable Concrete connection detail 

Restroom Facility 

The restroom facility will be located underneath the pavilion and act as a partition between the 

larger and smaller sides.  For the restroom design a precast restroom was chosen for its low 

maintenance, vandal resistance, durability, strength and ease of construction. The precast 

restroom already was built to withstand the winds required by FEMA for a storm shelter in Iowa. 

However, the chosen unit does need to be upgraded to handle speeds of 250 mph, which after 

reaching out to the company is a possibility. 

The restroom unit will contain two single user units with a utility closet in the middle for 

maintenance. Both sides will be ADA accessible. On top of being a restroom, it will double as a 

safe room for the park. According to FEMA (Federal Emergency Management Agency), a safe 

room in this location must be designed to withstand 250 mph winds and the impact of a 15lb 2x4 

at 100 mph. Anchor systems will come with the construction of the restroom where it shall be 

installed into the foundation of the new pavilion if being constructed simultaneously. One of the 

other requirements has the building being anchored to the foundation. Shown below are the 
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dimensions of the building. These plans were taken by Easi-Set Worldwide as they will be the 

company used for the precast restrooms, however other manufacturers providing an equal 

product should also be considered when bidding. The building chosen is titled the Morgan Series 

and a floor plan and side view are shown with dimensions. Both will be linked in the references 

section. The Final Design will have a flat roof rather than the gable roof shown below. A remote 

unlocking system is recommended to keep the facility open during disasters. 

Figure 26: Final Restroom Floor Plan 
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Figure 27: Final Restroom Front Elevation 

On-Site Parking 

The final parking option chosen was a redesign of the current parking. This option keeps the on-

street parking and adds room to the north for temporary trailer parking. These two trailer spots 

will act as a queue for the boat ramp in the chance that more than one vehicle shows up at a time. 

Permanent trailer parking is located at the north of town and will be pointed out on a wayfinding 

map posted on the project site. Some space is left between the trailer spots and car parking. This 

allows for an additional stall to be added or stalls to be widened. 

All dimensions for the parking lot and sidewalks were pulled from SUDAS (Statewide Urban 

Design and Standards) for Iowa. Each parking stall must be 9’ in width and 18’ in length. 

Additionally, for every 20 parking spaces one accessible zone must be included. If only one 

accessible parking space is necessary, it must be designed to the standards for a van. The 

accessible space must be 9’x18’ and include a safety zone on one side. The safety zone for a van 

requires 8’ to one side.  
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Figure 28: Final Parking Design 2 
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Wayfinding Board 

A wayfinding board is an important addition to the boat landing and will enable visitors to find 

and utilize local businesses. This board will be located next to the temporary trailer parking and 

boat ramp on our project site. Figure 21 shows a map of what we would suggest being included. 

The main location that should be pointed out is the long-term trailer parking on the north side of 

Sabula. Some other prime locations are included on the map such as the bank and convenience 

store. Alongside the map, emergency contact information would be included such as the local 

police department, weather radio channels, and the Iowa DNR. 

Figure 29: Wayfinding Board Map 
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Section VII: Engineer’s Cost Estimate 

Table 2-1: Pavilion Cost Estimate 

Table 2-2: Ramp Cost Estimate 

Table 2-3: Ramp Dock Cost Estimate 
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Table 2-4: Restroom Cost Estimate 

Table 2-5: Additional 

Table 2-6: Totals 
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Design Calculations 

To find the snow load, ASCE 7-16 Section 7 shall be used. Figure 31 determines the 

1.2𝐷 + 1.6𝑆 + .5𝑊 (Equation 1, ASCE 7-16 Load Combination 3) 

ground snow load, pg, to be 25 psf for the site. The flat roof snow load, pf, can then be 

determined using Equation 2, where:  

Ce = 0.8 from Table 3 

Ct = 1.2 from Table 4 

Is = 1.0 from Table 5 

𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 (Equation 2, ASCE 7-16 Equation 7.3-1)

The sloped roof snow load, ps, can then be determined from Equation 3, where: 

Cs = 0.74 from Figure 32 

This gives ps a value of 17.76 psf, which shall be multiplied by the tributary width of 4 ft to get a 

value of 0.07 kip/ft, which shall be used as S in Equation 1.  

𝑝𝑠 = 𝐶𝑠𝑝𝑓 (Equation 3, ASCE 7-16 Equation 7.4-1)

The wind load shall be determined using ASCE 7-16 Section 26 and 27. Velocity pressure, qh, is 

to be determined using Equation 4, where:  

Kz = 1.03 from Table 6 

Kzt = 1.0 from Figure 33 

Kd = 0.85 from Table 7 

Ke = 0.976 from Table 8 with ground elevation at 182 m 

V = 107 mph from Figure 34 
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𝑞ℎ = 0.00256𝐾𝑧𝐾𝑧𝑡𝐾𝑑𝐾𝑒𝑉
2 (Equation 4, ASCE 7-16 Equation 26.10-1)

The wind load on the roof, p, can then be determined using Equation 5, with the dependency of 

the direction of the wind, as indicated in Figure 36, where:  

G = 0.85 from ASCE 26.11.1 with the fact of the structure being a rigid building 

CN is dependent on the case indicated in Figure 35, where case A is the wind blown from E-W 

and case B is the wind blown from W-E. 

𝑝 = 𝑞ℎ𝐺𝐶𝑁 (Equation 5, ASCE 7-16 Equation 27.3-2)

The results of Equation 5 were tabulated into a spreadsheet, Table 12. Using the highest value of 

27.67 psf, it will be multiplied by a tributary width of 4 ft to give a value of 0.11 kip/ft, which 

shall be used as the load of W for Equation 1. 

Dead load, D, shall be predetermined from the used software. 

With the use of Autodesk Robot Structural Analysis, criteria to meet the National Design 

Specification for Wood Construction was achieved. Design values were calculated using Table 

10 where variables for each load design were pulled from NDS Supplement. Reference design 

values for southern pine are shown in Table 11 and Table 12. Adjustment factors are also needed 

and provided throughout the NDS Supplement as well as the NDS Manual. Figures 36 and 37 

determines the size factor, CF, flat use factor, Cfu, repetitive member factor, Cr, and wet service 

factor, CM. Load duration factor, CD, and temperature factor, Ct are found in section 2.3 of the 

NDS Manual, specifically shown in Table 13 and 14. The beam stability factor, CL is determined 

in the NDS Manual section 3.3.3 to be a value of 1. Incising factor, Ci is determined using Table 
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15. Column stability factor, CP is determined using NDS Manual section 3.7. Buckling stiffness

factor, CT is calculated using Equation 6 where: 

KM = 1200 from NDS Manual section 4.4.2 

le = 96 

KT = .59 from NDS Manual section 4.4.2 

𝐶𝑇 = 1 +
𝐾𝑀𝑙𝑒

𝐾𝑇𝐸
  (Equation 6, NDS for Wood Construction Equation 4.4-1) 

Bearing area factors are determined using Table 16. All design values for each type of sawn 

lumber are tabulated into a spreadsheet and are given as Table 17, 18, 19, and 20. Table 21 gives 

the equations for each design value and its adjustment factor. 

Inputting previously determined load combinations into Robot, automatic calculations are made 

for the structure of the pavilion, giving actual stresses and deformation that can be compared to 

design values. On the analysis of the 15 ft beam on the south end of the pavilion, results give an 

actual deflection of -0.054 in. Standards require structural members to have an allowable 

deflection of L/240, which for a 15 ft beam, gives an allowable deflection of 0.0625 in, therefore, 

this beam meets requirements. Looking at the same beam, results give a bending stress of 50 psi. 

Compared to the bending design value of 919.08 psi from Table 17-1, bending stress for the 

beam is okay. Actual tensile stress of the same beam resulted in 150 psi, and when compared to 

the tensile design value of 828 psi, tensile stress is okay. NDS Manual specifies combined 

bending and axial tension members to meet the requirement of  
𝑓𝑡

𝐹𝑡′
+

𝑓𝑏

𝐹𝑏∗
≤ 1.0. 

Using the recently mentioned actual stresses, the ratio of combined stresses comes to 0.236, 

which meets NDS standards.  
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To find the snow load, ASCE 7-16 Section 7 shall be used. Figure 31 determines the 

1.2𝐷 + 1.6𝑆 + .5𝑊 (Equation 1, ASCE 7-16 Load Combination 3) 

ground snow load, pg, to be 25 psf for the site. The flat roof snow load, pf, can then be 

determined using Equation 2, where:  

Ce = 0.8 from Table 3 

Ct = 1.2 from Table 4 

Is = 1.0 from Table 5 

𝑝𝑓 = 0.7𝐶𝑒𝐶𝑡𝐼𝑠𝑝𝑔 (Equation 2, ASCE 7-16 Equation 7.3-1) 

The sloped roof snow load, ps, can then be determined from Equation 3, where:  

Cs = 0.74 from Figure 32  

This gives ps a value of 17.76 psf, which shall be multiplied by the tributary width of 4 ft to get a 

value of 0.07 kip/ft, which shall be used as S in Equation 1.  

𝑝𝑠 = 𝐶𝑠𝑝𝑓 (Equation 3, ASCE 7-16 Equation 7.4-1) 

The wind load shall be determined using ASCE 7-16 Section 26 and 27. Velocity pressure, qh, is 

to be determined using Equation 4, where:  

Kz = 1.03 from Table 6 

Kzt = 1.0 from Figure 33 

Kd = 0.85 from Table 7 

Ke = 0.976 from Table 8 with ground elevation at 182 m 

V = 107 mph from Figure 34 
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𝑞ℎ = 0.00256𝐾𝑧𝐾𝑧𝑡𝐾𝑑𝐾𝑒𝑉
2 (Equation 4, ASCE 7-16 Equation 26.10-1) 

The wind load on the roof, p, can then be determined using Equation 5, with the dependency of 

the direction of the wind, as indicated in Figure 36, where:  

G = 0.85 from ASCE 26.11.1 with the fact of the structure being a rigid building 

CN is dependent on the case indicated in Figure 35, where case A is the wind blown from E-W 

and case B is the wind blown from W-E. 

𝑝 = 𝑞ℎ𝐺𝐶𝑁 (Equation 5, ASCE 7-16 Equation 27.3-2) 

The results of Equation 5 were tabulated into a spreadsheet, Table 12. Using the highest value of 

27.67 psf, it will be multiplied by a tributary width of 4 ft to give a value of 0.11 kip/ft, which 

shall be used as the load of W for Equation 1. 

Dead load, D, shall be predetermined from the used software. 

With the use of Autodesk Robot Structural Analysis, criteria to meet the National Design 

Specification for Wood Construction was achieved. Design values were calculated using Table 

10 where variables for each load design were pulled from NDS Supplement. Reference design 

values for southern pine are shown in Table 11 and Table 12. Adjustment factors are also needed 

and provided throughout the NDS Supplement as well as the NDS Manual. Figures 36 and 37 

determines the size factor, CF, flat use factor, Cfu, repetitive member factor, Cr, and wet service 

factor, CM. Load duration factor, CD, and temperature factor, Ct are found in section 2.3 of the 

NDS Manual, specifically shown in Table 13 and 14. The beam stability factor, CL is determined 

in the NDS Manual section 3.3.3 to be a value of 1. Incising factor, Ci is determined using Table 
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15. Column stability factor, CP is determined using NDS Manual section 3.7. Buckling stiffness 

factor, CT is calculated using Equation 6 where: 

KM = 1200 from NDS Manual section 4.4.2 

le = 96 

KT = .59 from NDS Manual section 4.4.2 

𝐶𝑇 = 1 +
𝐾𝑀𝑙𝑒

𝐾𝑇𝐸
  (Equation 6, NDS for Wood Construction Equation 4.4-1) 

Bearing area factors are determined using Table 16. All design values for each type of sawn 

lumber are tabulated into a spreadsheet and are given as Table 17, 18, 19, and 20. Table 21 gives 

the equations for each design value and its adjustment factor. 

Inputting previously determined load combinations into Robot, automatic calculations are made 

for the structure of the pavilion, giving actual stresses and deformation that can be compared to 

design values. On the analysis of the 15 ft beam on the south end of the pavilion, results give an 

actual deflection of -0.054 in. Standards require structural members to have an allowable 

deflection of L/240, which for a 15 ft beam, gives an allowable deflection of 0.0625 in, therefore, 

this beam meets requirements. Looking at the same beam, results give a bending stress of 50 psi. 

Compared to the bending design value of 919.08 psi from Table 17-1, bending stress for the 

beam is okay. Actual tensile stress of the same beam resulted in 150 psi, and when compared to 

the tensile design value of 828 psi, tensile stress is okay. NDS Manual specifies combined 

bending and axial tension members to meet the requirement of  
𝑓𝑡

𝐹𝑡′
+

𝑓𝑏

𝐹𝑏∗
≤ 1.0. 

Using the recently mentioned actual stresses, the ratio of combined stresses comes to 0.236, 

which meets NDS standards.  
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Table and Figures 

 

 

 

Figure 30 (ASCE 7-16 Figure 7.2-1) 
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Table 3 (ASCE 7-16 Table 7.3-1) 

 

Table 4 (ASCE 7-16 Table 7.3-2) 
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Table 5 (ASCE 7-16 Table 1.5-2) 

 

Figure 31 (ASCE 7-16 Figure 7.4-1) 
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Table 6 (ASCE 7-16 Table 26.10-1) 
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Figure 32 (ASCE 7-16 Figure 26.8-1) 
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Table 7 (ASCE 7-16 Table 26.6-1) 

 

Table 8 (ASCE 7-16 Table 26.9-1) 
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Figure 33 (ASCE 7-16 Figure 26.5-1B) 
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Figure 34 (ASCE Figure 27.3-5) 
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Table 9 (Wind Load, p, from Equation 5) 

 

Table 10 (NDS for Wood Construction Manual Table 4.3.1) 
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Table 11 (NDS Supplement Table 4B) 



59 
 

 

Table 12 (NDS Supplement Table 4D) 
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Figure 35 (NDS Supplement Table 4B Adjustment Factors) 
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Figure 36 (NDS Supplement Table 4D Adjustment Factors) 

 

Table 13 (NDS for Wood Construction Manual Table 2.3.2) 
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Table 14 (NDS for Wood Construction Manual Table 2.3.3) 

 

Table 15 (NDS for Wood Construction Manual Table 4.3.8) 

 

Table 16 (NDS for Wood Construction Manual Table 3.10.4) 

 

Table 17-1 (Beam Design Values) 
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Table 17-2 (Beam Adjustment Factors) 

 

Table 18-1 (Rafter Design Values) 

 

Table 18-2 (Rafter Adjustment Factors) 

 

Table 19-1 (Joist Design Values) 
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Table 19-2 (Joist Adjustment Factors) 

 

Table 20-1 (Column Design Values) 

 

Table 20-2 (Column Adjustment Factors) 
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Table 21 (NDS for Wood Construction Table 4.3.1) 




