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Presenter Notes
Presentation Notes
Good afternoon. My name is Jordon Cheifet, I am with Cummins Cederberg. Today I will be talking to you about The Reefline which is a snorkel trail and artificial reef project in Miami Beach. I also wanted to acknowledge my co-author Gina Chiello who had to corral a lot of stakeholders and did all of the environmental permitting.
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Introduction

The Artificial Reef Reimagined
Blue Line Preservation Society

Presenter Notes
Presentation Notes
Yes, not your typical coastal engineering project. We were approached by the Blue Lab Preservation Society with a novel idea to literally design underwater concrete cars. They are a non-profit who wanted to design an underwater snorkel trail that was more of an art installation than our more traditional limestone rock breakwaters or mitigation reefs. The project grew out of the same Miami-Dade County program that supported the Jose Cuervo reef in Miami Beach if you are familiar with that.



www.CumminsCederberg.com

Introduction

Project Location
• Miami Beach, Florida
• 4th Street

Source: Google Earth

Presenter Notes
Presentation Notes
So for those of you who aren’t familiar, Miami Beach is located east of Miami just north of Government Cut. The reef deployment area is located about 1,000 feet offshore from 4th Street.



www.CumminsCederberg.com

Introduction

Source: Google Earth

Presenter Notes
Presentation Notes
The photo on the left you can see Miami Beach, Government Cut at the south end, and the previously authorized reef deployment area in red. The water depths range from 20-25 feet. The black blob in the middle photo represents the proposed deployment area and I’ll explain how we selected that location. And then on the right, you can see the individual car layout. In total, Blue Lab proposed 22 cars in 3 different models – a small model like a Prius, a sedan like a Camry, and large SUV.
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Introduction

Background
• Miami Art Week 2019
• Leandro Erlich
• Order of Importance

Source: Google Earth

Presenter Notes
Presentation Notes
The inspiration for this project started at Miami Art Week in 2019. The Argentine artist Leandro Erlich exhibited his piece called Order of Importance on Miami Beach. As you can see, it was a series of cars literally “stuck in the sand”. The piece was a social commentary on climate change and sea level rise so what better way to take his art to the next level than literally put it underwater. 
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Background

• Left vs. Right Brain
• Client’s Vision vs. Constructability
• Typical FSBPA Project

Source: Google Earth

Verywellmind.com

Presenter Notes
Presentation Notes
This project was a battle between a group of right and left brained people. We are at the FSBPA technical conference so I think it’s safe to assume most of the people in this room are left brained people – we use logic. When we interact with Clients to build a beach or dock, aesthetics aren’t usually at the top of the list. This project was a little different as the Client didn’t care whatsoever about the technical aspects or logistics of building this, they were artists. As you’ll see they really wanted to push the envelope beyond what our traditional artificial reef looks like.
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Background

Source: Google Earth

Background
• Initial Artist Concepts
• Minimum Weight

Presenter Notes
Presentation Notes
In addition to the cars, here are some of the initial concepts  for other art installations that would be done as part of future phases. These would be precast concrete units installed in a pile. On the left is the Topiary, at the top is the spiral, and on the right you can see the blocks. Similar to the cars, our task was to guide the artist to select the unit that would be the easiest to install and tell them the minimum weight for stability.
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Background

Source: Google Earth

Artist vs. Engineer

Presenter Notes
Presentation Notes
Here is example of the battle between left and right brain. This was an underwater concrete amphitheater and meditation garden. You can see the sheer scale of this and we had to deliver the bad news that this would not be constructable from both a logistics and budget standpoint.
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Background

Source: Google Earth

Presenter Notes
Presentation Notes
Here is another view of the reefline so you can see they wanted full scale concrete cars stuck in a traffic jam that would serve as a snorkel/dive artificial reef. So now that you have some background, I’ll go through our technical approach to designing the artificial reef to be stable in a storm and from settlement.
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Field Investigations

Sediment Probes & Benthic/Bathy Survey

Source: Google Earth

Presenter Notes
Presentation Notes
We started by doing some field investigations. We complete a bathymetric survey in the north lobe of the deployment area. We then did a series of sediment jet probes to map the thickness of sand over the underlying rock. This information was critical to siting the reef and designing the foundation so the units wouldn’t sink in the sand. And if they did, they wouldn’t settle to the point the cars wouldn’t be visible. And finally, we did a benthic survey to identify areas of hardbottom and seagrass.
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Stability Analysis

Source: Google Earth

Sliding
Wide Base

Rolling
High Center of Gravity

Presenter Notes
Presentation Notes
As I mentioned, our main task was telling the artist how heavy each car had to be to be stable during a storm. The requirement per the environmental permits was a 20-year storm. There are two key design conditions we have to design for: Sliding and Rolling. As a storm wave passes over a rock, or in this case a car, it imparts a force on the side of the rocks. It could either slide across the bottom or roll across the bottom.  We answer this question by doing a stability analysis.



www.CumminsCederberg.com

Modeling Methods

Modeling Techniques
Desktop Modeling
• FIT Wave Tank & Stability Analysis of Reef Balls – Prof. Lee Harris

𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 = 𝐹𝐹𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 + 𝐹𝐹𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐹𝐹𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝜇𝜇 𝐹𝐹𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 − 𝐹𝐹𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐹𝐹𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

Source: Google Earth

artificialreefs.org Mbscottsdale.com

Presenter Notes
Presentation Notes
There a multiple modeling techniques we can use to answer this question. We have desktop modeling which can be done using equations and an Excel spreadsheet. We have numerical modeling which is done using more advanced simulations on a computer that is more project specific. And we can also do physical modeling, where we build scaled models and measure the forces. What really got me excited about this project is we did all 3. The desktop method is based on the methodology developed by Lee Harris from FIT. Now I’m not a fan of presentations with equations but what we find when we do all of our calculations is that the drag coefficient used to calculate the drag force drives the stability and selecting the right number is critical. Lee Harris calculated these numbers for Reef Balls. And there are plenty of numbers for cars but cars drive forward. If you remember our layout, the cars were installed north south so the waves would be lateral. No data on drag for a car driving sideways so we had to get creative.
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Modeling Methods

Desktop Modeling
• Limited drag coefficient data

Source: Google Earth

Presenter Notes
Presentation Notes
We used the data in Hoerner from 1965. This was amazing reference. It’s a 400 page textbook with drag coefficients on all sorts of shapes and vehicles – it even had drag coefficients of people. So without any lateral drag coefficients for cars, we assumed the side of a car was a flat rectangle with a drag coefficient of 1.05 to design our cars for the desktop study.
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Modeling Methods

Numerical Modeling

2D Streamlines - Topiary

2D Streamlines - Spiral

3D Streamtubes - Topiary

3D Streamtubes - Spiral

Presenter Notes
Presentation Notes
So with our desktop study complete , we then did some numerical modeling. This was done using OpenFoam to perform CFD simulations on individual units to calculate drag coefficients. Here you can see the simulations for the topiary and spiral units. 
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Modeling Methods

Source: Google Earth

Scaling
Slabs
• Foundation
• Beams
• Straight Lanes

Presenter Notes
Presentation Notes
We also did these simulations for the concrete cars. The cars were scaled to full size based on the artist renderings. You’ll notice here the cars are on a slab. We recommended the slab for a few reasons. The first was to provide a stable foundation so the cars wouldn’t sink. We included beams under the slabs that you can’t see here to allow the contractor to pass straps under the units so they could be handled easier, and we didn’t have steel lifting eyes at the corners. And most importantly, this is an art installation, the slabs keep the cars straight and evenly spaced so they look like lanes.
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Modeling Methods

Physical Modeling

Source: Google Earth

Alfred C. Glassell Jr. SUSTAIN Laboratory
• Category 5 Winds (155 mph)
• Wave Paddle
• Total dimensions: 23-m long x 6-m wide x 2-m high

University of Miami

Presenter Notes
Presentation Notes
Now the fun part. We got to test our cars using physical modeling at the University of Miami’s SUSTAIN wind-wave tank. Dr. Brian Haus runs the facility and he was very helpful. He and his grad students were very excited to analyze our cars and helped with the testing. The tank can simulate Cat 5 winds and has a wave paddle to create waves. This is not a small tank either, it’s 23m long, 6 m wide, and 2 m high.
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Modeling Methods

Source: Google Earth

Wind & Waves Flume Sloped Shoreline

Presenter Notes
Presentation Notes
Here is a fisheye of the tank, on the left is where the winds and waves enter the tank, the center is the tank – you can see it has a glass roof so we can walk on the top, and on the right is the end of the tank which doubles as a sloped shoreline.
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Modeling Methods

Source: Google Earth

Presenter Notes
Presentation Notes
Picture on the left in the background, you can see the gigantic intake where air enters the system. It runs to the right where it is stepped down to increase the velocity. On the right the pipe curves around back into the tank. The wave paddle is also housed at the end of that photo on the right. And pretty cool, the lab is literally on top of the tank and you can see all of the wires for the transducers and cameras to collect data from the experiments.
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Modeling Methods

Source: Google Earth

Presenter Notes
Presentation Notes
Here are some photos of the inside of the tank. On the left in the middle, you can see our array of cars. And on the right is the sloped shoreline where they test structures for hurricane design.
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Modeling Methods

Source: Google Earth

Presenter Notes
Presentation Notes
So for our experiment, we looked at storm waves during a 20-year storm. You can see the UM grad students in the tank setting the transducers. And on the right is the array of scaled concrete cars being lowered into the tank. 
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Modeling Methods

Source: Google Earth

Presenter Notes
Presentation Notes
On the left is the final setup. Dr. Haus developed the experiment. He measured velocities on both sides of the car to determine the shear velocity from which he was able to calculate the drag coefficient. And there on the right you can see me standing above the array of cars – a unique vantage point as the waves rolled by.
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Modeling Methods

Source: Google Earth

Extreme and Surfing Waves

Presenter Notes
Presentation Notes
Here is the experiment underway. I’ll let this play and you can see the waves passing over the array.
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Conclusions

Results Comparison
• Published Cd = 1.05
• Numerical Modeling Cd = 0.5
• Physical Modeling Cd = 0.3

Factor of Safety
• 100% - 200% difference
• Initial ~15 Ton Minimum Weight
• Final ~10 Ton Minimum Weight

Source: Google Earth

Presenter Notes
Presentation Notes
So results. If you recall we started with a drag coefficient from the textbook of 1.05 – this assumed a flat rectangle. The numerical modeling resulted in a drag coefficient value of 0.5 – 50% less. And the plot on the right is from the UM physical modeling study, drag coefficients are a maximum of 0.3 – an even further reduction. Just for reference, a value of 0.4 is typically used for a sphere for a limestone boulder. This means we can significantly reduce the minimum weight for stability and maintain our factor of safety.
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Conclusions

Lower wave forces on the individual artificial reef units
• Lighter/smaller units with the same stability
• Reduced fabrication & installation costs

More units per barge/truck load (fewer trips)
• Smaller crane to handle units (more contractor bids)
• Increased ability to handle upland using smaller equipment

Increases in efficiency during deployment for same footprint
• Fewer crane remobilizations (i.e., less time) to install units
• Smaller upland staging area

Source: Google Earth

Optimization through Numerical & Physical Modeling

Next Steps

Presenter Notes
Presentation Notes
At the end of the day, we were able t optimize our design through numerical and physical modeling. The lower drag coefficient results in lower wave forces. More units per barge so few trips, smaller equipment. Increased efficiency during deployment.

Currently, Client is coordinating with the County and Contractor to get this built this year so hopefully I have an update for you at the next FSBPA.
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Questions

Jordon Cheifet, P.E., CFM 
jcheifet@cumminscederberg.com

Gina Chiello
gchiello@cumminscederberg.com

mailto:jcheifet@cumminscederberg.com
mailto:gchiello@cumminscederberg.com
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