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Project Goals & Objective

Objective:

An engineering solution to stabilize and reduce the
downdrift erosive signal south of 32nd Street along the
Miami Beach coastline.

« Least Disruption to Adjacent Shorelines
« Efficient and Adaptable Design for Future Hydrodynamic Conditions
* Environmentally Compatible and Sustainable Design
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Previously identified erosional hot spots throughout
the County’s shorelines, indicating the maximum
erosional signal occurring between R-61 to R-64
(GHD, 2021).

The effect of nourishment events is captured in the
survey data (Table 1) and not included in the
LITPACK modeling (Table 2)

This area is identified for a beach erosional control
installation to improve shoreline stability.

Erosional Hotspots from Survey Data, 2003 - 20H6 Table 2 Erosional Hotspots from LITPACK Evaluated Under Average Annual Conditions

n Erosional Hotspot | Average Annual Shoreline Movement (ftiyr) n Erosional Hotspot | Average Annual Shoreline Movement (ft/yr)
47 1 04

R-1t0 R-3 T-5t0 R-7
R.7 1o R11 32 2 R-9to R-14 -1.2
3 R-22 to R-25 -1.2
R-14 to R-21 -3.2
4 R-27 to R-20 -4.8
R-27 to R-40 17 5 R-32 to R-33 -0.03
R-42 to R-47 -2.0 6 R-36 to R-54 -0.9
R-50 to R-54 -2.4 7 R-61 to R-62 -8.3
R-61 to R-64 3.3 ] R-68 to R-70 -1

32nd Street
Breakwaters




Countywide Numerical Model .
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Numerical Modeling Results

Baseline Scenario 15
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—  Number of Structures: 4

— Length of Structures: 300 ft

—  Gap Width: 450 ft

— 2000 Feet Offshore

—  Crest Elevation: Submerged, -4.0 ft, NAVDS88 = -2 ft, MLLW
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A collaborative study between the
University of Miami and GHD

evaluating the use of SEAHIVE® as a
submerged breakwater system.

Aim to design and develop an efficient,
cost-effective, and sustainable shore
protection system with high potential
for natural habitat creation.

Image courtesy of the University of Miami



SEAHIVE® System

Efficient:
Shape adapted for stability as well as to increase wave-
energy dissipation

Adaptive:
Modular system with adaptability to future sea-level rise,
stacked in a tight configuration

Environmentally friendly:
Structural complexity provides great hospitably for marine
organisms.

Cost-effective:
Equivalent hydrodynamic performance with a smaller
footprint and less material, thereby reducing material costs.

Image courtesy of Wahoo Bay



Physical Modeling: SEAHIVE®

« Evaluated by the University of Miami, who conducted physical
testing in the Alfred C. Glassell, Jr. SUrge-STructure-Atmosphere
Interaction (SUSTAIN) Facility. .




Tidal Datums
Station: 8723214, Virginia Key, FL

Units: Meters

Datum: MLLW
MHHW 0.683 Mean Higher-High Water
MHW 0.661 Mean High Water
MTL 0.351 Mean Tide Level
MSL 0.342 Mean Sea Level
DTL 0.342 Mean Diurnal Tide Level
MLW 0.040 Mean Low Water
MLLW 0.000 Mean Lower-Low Water
NAVD88 0.614 North American Vertical Datum of 1988
STND -3.089 Station Datum
GT 1.296 Great Diurnal Range
MN 1.236 Mean Range of Tide
DHQ 0.635 Mean Diurnal High Water Inequality
DLQ 0.653 Mean Diurnal Low Water Inequality
HWI 2.214 Greenwich High Water Interval (in hours)
LWI 8.434 Greenwich Low Water Interval (in hours)
Max Tide 1.771 Highest Observed Tide
Max Tide Date & Time 9/10/2017 17:00 Highest Observed Tide Date & Time
Min Tide -0.392 Lowest Observed Tide
Min Tide Date & Time 3/29/1994 21:42 Lowest Observed Tide Date & Time
HAT 0.981 Highest Astronomical Tide
HAT Date & Time 10/9/2033 14:18 |HAT Date and Time
LAT -0.220 Lowest Astronomical Tide
LAT Date & Time 1/31/2014 7:48 LAT Date and Time

______________________________ MHHW: 0.683 m

------------------------------ MSL: 0.342 m
------------------------------ MLLW: 0.0 m

Crest: -0.61 m

Conceptual Breakwater Crest Elevation

(Schematic Not to Scale)



Breakwater and Point Extract Locations
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Wave height time series extracted for 5 m
before and after each breakwater.



Physical Modeling: SEAHIVE®
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Froude number similarity was employed to simulate
the hydrodynamic conditions of prototype structures
offshore of Miami Beach for the physical
experiments in SUSTAIN.

The water and wave conditions were determined
based on the capabilities of the wavemaker and a
1:10 geometrical scale. The SEAHIVE® system
was thus tested under 30 different hydrodynamic
scenarios
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Physical Modeling: SEAHIVE®
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Experimental setup for the GHD Miami-Dade SEAHIVE® breakwater testing in SUSTAIN
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Physical Modeling Results

Wave TransmissionComparison (MHHW) Wave Transmission Comparison (MSL) Wave Transmission Comparison (MLLW)
[ IModel I Physical Mode | atModel [ Physical Mode [ R al Model B Physical Madel
Transmission coefficient, Kt (ratio between . — . =

transmitted wave height and incident wave height) - | ' o ==
is the KPI for this study. Desired values range from —— - e T
0.8-0.9.

Reduced mOdeI Variant SUCCGSSfu”y aChieved the Wave Transmission Comparison (MHHW) Wave Transmission Comparison (MSL) Wave Transmission Comparison (MLLW)
desired transmission coefficient of 0.8-0.9 under I . A Y : -

most conditions, confirming its viability as a potential
erosion control solution.
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13 SEAHIVE® breakwater model geometry. (left) SEAHIVE® variant based on the GHD breakwater design; (right) adapted geometry for desired performance.

| © 2024 GHD. All rights reserved.



Design — Plan
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Design — Section
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Summary and Future Work

* Numerical modeling guided the optimal breakwater system design,
including layout, crest elevation, and spacing, to achieve target
wave transmission and erosion-control performance.

« SEAHIVE® demonstrated a promising, innovative, and sustainable
coastal protection solution with a reduced footprint.

* Results were validated through physical modeling.

 Future work will focus on full-scale structural and foundation
design and securing regulatory permits.
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* Thank You

Mohammad Ghiasian, PhD
Structural Engineer (Maritime and Coastal)

Mohammad.Ghiasian@ghd.com

=» ghd.com



	Slide 1: Developing Sustainable and Innovative Systems for Beach Erosion Control through Modeling and Design
	Slide 2: Project Goals & Objective
	Slide 3: Background
	Slide 4: Countywide Numerical Model
	Slide 5: Numerical Modeling Results
	Slide 6
	Slide 7: SEAHIVE® System
	Slide 8: Physical Modeling: SEAHIVE®
	Slide 9: Tidal Datums
	Slide 10: Breakwater and Point Extract Locations
	Slide 11: Physical Modeling: SEAHIVE®
	Slide 12: Physical Modeling: SEAHIVE®
	Slide 13: Physical Modeling Results
	Slide 14: Design – Plan 
	Slide 15: Design – Section 
	Slide 16: Summary and Future Work
	Slide 17

