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Background 

• 2017 State of U.S. High Tide 

Flooding (Sweet et al. 2018)

• 27 of the 98 tide gauge locations 

along U.S. coastlines reported a 

record number of high tide 

flooding events in 2017



Background 



Background

STA Brant Point (Nantucket, MA) – Winter Storm Juno (2014)



Background 

• Vulnerabilities are exposed during recovery periods following significant 

weather events:

• Natural recovery of the nearshore, beach, & dune system = Years to 

Decades (Lee et al. 1998)

• Assess-Scope-Fund-Construct Recovery Project = Years to Decades 

• States issue emergency permits that sometimes contradict good science and 

engineering to reduce imminent threats

• Lessons learned have resulted in numerous revisions of emergency permits

• I.e. Permits for Geotextile Sand-filled Containers (GSCs) to protect 

imminently threatened structures



Background 

• North Carolina Permit History (Lopanski 2016)

• Mid ‘90s: Size, location, time limit (2-5 yrs), provision for beach nourishment projects & 

one time use per property

• Early 2000s: Provision for Inlet Hazard Areas extends time limit to 8 yrs

• 2015: 8 yr time limit for all structures if GSCs exposed above grade 

Various emergency GSC applications in North Carolina (Lopanski 2016)



Problem Statement 

• Recurring flooding and storm events increase the strain on natural and 

constructed coastal defense systems so impacts from subsequent, less severe 

storm events become more significant.

• GSC applications are typically an emergency or temporary erosion response 

where the level of design, monitoring, and maintenance seems to have a 

direct correlation to the in-situ performance.

• Numerous lab experiments have been developed to predict the hydraulic 

stability of GSC revetments, but there has been limited in situ validation of 

these systems, especially when they are used to reinforce the core of a 

natural system (Dassanayake and Oumeraci 2012).



Objective and Approach

• Develop probabilistic fragility curves for a range of damage states to these 

reinforced natural systems to provide a solution to assess the performance 

and understand the tradeoffs of these systems when considering stabilization 

alternatives for coastal protection systems.

• Approach:

• Identification of Damage States

• Field Monitoring of GSC-reinforced dunes

• Numerical modeling using XBeach, GSC stability criteria, and slope stability 

analyses



Identification of Damage States 

• Definition of “damage” depends on the perspectives of the stakeholders:

• I.e. Coastal protection of infrastructure, recreation and tourism, habitat, etc.
Damage 

State
Description of Damage

0 As-built profile with vegetation intact

1 Dune volume modified (will be quantified)

2 First exposure of GSCs

3 10% normalized movement of GSCs (defined as the
movement of the GSC/length of GSC)

4

4a
4b
4c
4d
4e

Instability of GSC system for the following failure
modes:

Overturning stability of individual GSCs
Sliding stability of individual GSCs
Global stability under impulse wave loading
Global stability under downrush forces
Rupture of geotextile



Field Monitoring of GSC-reinforced Dunes 

• Downtown Montauk, NY
• Development encroachment on natural foredunes has resulted in an erosion “hot spot”

• Historical record of erosion data & corresponding wave/tidal data for significant weather 

events

(Google Maps 2017)



Field Monitoring of GSC-reinforced Dunes 

• U.S. Army Corps of Engineers New York District – Downtown Montauk 

Stabilization Project
• Completed in March 2016

• 109,000 cubic yards of sand to fill 11,000 Geosynthetic Sand-Filled Containers (GSCs) & reconstruct 

the dune/berm cross section 

(USACE-NAN 2014)Hurricane Sandy (Newsday, Oct 2012) Post Construction (July 2016)



Field Monitoring of GSC-reinforced Dunes 

• Cross shore profiles – Critical Royal Atlantic Section (Transect #13)



Field Monitoring of GSC-reinforced Dunes 

• Cross shore profiles – Transect #13
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2014 USGS DEM

As Built - 3/31/2016

URI Survey - 9/9/2016

URI Survey - 1/26/2017

URI Survey - 3/16/2017

URI Survey - 9/08/2017

URI Survey - 9/20/2017

First Coastal - 10/2017

URI Survey - 12/13/2017

URI Survey - 1/09/2018

URI Survey - 3/6/2018

URI Survey - 3/11/2018

URI Survey - 3/16/2018

Peak Storm Wave Parameters & Water Levels

Events Hs (m) Tp (s) MWD 

(deg)

SWFL 

Above  

MHHW (m)

09/06/2016 3.7 11 095 0.47

01/23/2017 6.0 11 097 0.78

09/19/2017 4.2 13 106 0.47

10/30/2017 5.0 13 142 0.77

01/04/2018 5.5 8 323 0.81

03/03/2018 4.2 10 073 0.81

03/07/2018 4.6 15 085 0.61

03/13/2018 3.9 12 094 0.47

25-yr Event: Hs = 4 m, Tp = 14 s, SWFL = 1.43 m (MHHW)

(USACE-NAN 2014)

H-Sandy: Hs = 9.65 m, Tp = 15 s, SWFL = 1.41 m (MHHW)



Field Monitoring of GSC-reinforced Dunes 

January 2017September 2016

March 2018January 2018

Photo Credit: First Coastal Corporation



2-D XBeach Site Calibration (TS Hermine) 



2-D XBeach Site Calibration (TS Hermine) 



2-D XBeach Site Calibration (TS Hermine) 

TS Hermine

Post Survey

2-D XBeach

Results



2-D XBeach Results (TS Hermine)

(Dassanayake and Oumeraci 2012)

Typical cross section profile of the bed level change in front of the Royal Atlantic Hotel 

resulting from Tropical Storm Hermine.

Initial bed level

XBeach results

Post storm 

survey points



Next Steps 

(Dassanayake and Oumeraci 2012)

• 1-D XBeach analyses of other recorded storm events for further calibration.

• Monte Carlo simulations using 1-D XBeach to evaluate Damage States 2 (GSC 

exposure) and 3 (GSC slope or crest instability using Dassanyake and Oumeraci

2012).

• Geotechnical stability analyses to evaluate Damage State 4. 



Thank you

(Dassanayake and Oumeraci 2012)

Downtown Montauk Beach, New York

March 16th, 2018July 21st, 2016



Development of Fragility Curves 



Development of Fragility Curves 

(Dassanayake and Oumeraci 2012)



Development of Fragility Curves 

(Dassanayake and Oumeraci 2012)


