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Presentation Outline

« Qverview
* Approach
« Methods

e Results

* Next Steps

e Sneak Peekeee
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Overview
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Overarching Goal

Flood Risk Management (FRM)

« Beach Nourishment
 Dune Restoration
* Fortification (strength, elev.)

« Back Barrier Resilience

» Cross-Section Management

https://www.usgs.gov/media/images/illustration-describes-barrier-island-ocean-lagoon
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Dauphin Island, Alabama
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Dauphin Island, Alabama

Gulf of Mexico Mobile Bay
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Davuphin Island, Alabama

« Parcel Data

» Building Footprints

 Transportation

* Power

« Water ‘ oy
« Sewer N =
 Critical Facillities -
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Approach

Resilience | Fall Meeting | 7-8 November 2024




Approach

* Analyze Existing Data

« Model Coastal Hazards
— Existing Conditions
- Future Conditions

- With / Without Adaptations
* Model Resilience

—IN-CORE

10

HOME User Guides v IN-CORE lab Web Tools v Community Resilience Planning

PLAN. ADAPT. RECOVER.

Run your scientific analyses that model the
impact of natural hazards on a community
and the resilience of those communities.

The National Institute of Standards and Technology (NIST) funded the
multi-university five-year Center of Excellence for Risk-Based Community
Resilience Planning (CoE), headquartered at Colorado State University,
to develop the measurement science to support community resilience
assessment. Measurement science is implemented on a platform called
Interdependent Networked Community Resilience Modeling Environment
(IN-CORE). On IN-CORE, users can run scientific analyses that model
the impact of natural hazards and resiliency against the impact on
communities. The IN-CORE platform is built on a Kubernetes cluster with
Docker container technology.

LOGIN

https://incore.ncsa.illinois.edu/

Resilience | Fall Meeting | 7-8 November 2024




Approach

1. Establish Baseline Community
Resilience
Adaptation
Adaptation

2. Model Future Flood Risk Hazards

ADCIRC+SWAN
XBeach
Delft3D

3. Predict Future Community Resilience

4. Create Adaptation Pathways

11 Resilience | Fall Meeting | 7-8 November 2024



Using CHS Data (example)

South Atlantic Coastal Study g SAMRE

Coastal Hazards System v2.0 ;93%;’ Se o
Coastal Storm Hazards Lt

— Extratropical Cyclones O S

—Tropical Cyclones

AEP Values
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Approach
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Chach tor
Combined Wind-Wave-Surge Hurricane-Induced
Damage Prediction for Buildings

Hassan Masoomi, S.M.ASCE"; John W. van de Lindl, F.ASCE?; Mohammad R. Ameri, S.M.ASCE®;
Trung Q. Do, S.M.ASCE"; and Bret M. Webb®

Abstract: Coustal structires are subjected o multibarard events such as hurricanes which consist of hurricane-induced surge and waves as
well & winds. Hurricanes are a comemon natural bazard in the United States and cause considerable damage every year, with nesulting
anmualized Josses in the United States in the tens of billions of dollars, Alshough improvements in construction practices have been notble
over time for individual hards, there is stll a dearth of risk and damage prediction methods in the area of multiple harrds that are based on
principles of mechanics. In this study, & methodology o develop multibazard damage fragilities is summarized and illustrated for 4 wooed-
Irame residential-building archelype subjected Lo hurricane winds, storm surge, and waves. The National Flood Insurance Program {NFIP)
requires new buildings along the US comstline 4o be constnacted with the it finished floar se4 ol an elevation thet exceeds & minimum
necessary elevation. Therefore, twa different elevations are considered for the lowest horizoatal structural member of the archetype o slsa

% ASCE
Fragility Analysis of Coastal Roadways and Performance
Assessment of Coastal Transportation Systems
Subjected to Storm Hazards

‘Yousel M. Darestani’; Bral Webb, M.ASCE?; Jamie E. Padgett, MASCE”, Garland Pennison®; and
Ehsan Ferashtehnejad®

Abstract: Coastal transporiation systems are extremely vulnerable due to the coupled impacts of storm surge, waves, and inundativn,
Existing literature has developed coastal fragility models for bridges. However, t dace, Nood fragility models lor coastal roadways are
lacking. Far this purpase, the current study proposes & data-driven fragility model based on logistic regression for coastal roadways, with
failure probability conditioned on distance o shoreline and inundation duration, using hindcast data for Hurricane Tke. In addition, the effect
of bridge and roadway damage on ransportation aetwork performance i investigated through a case study on Calveston Istand, Texas. The
results indicate the spatial distribution of storm impacts on the transportation network, with select rads highly vulnerable if they are located!
within 3 couple of Bundred meless of the shoreline. I addilion, considering roadw: ! dam:gvm:ldlhhm Lo bridge damage alove, which is the

SACS Data

examine its effect on damage frag)

. The developed multihazard fragilities ane used o calculste e time-dependent probability of each

damage state at a given location over the timeframe of &n event, i bumscane. In this regand. the spatial and temporal data of wind speeds,
fload depths, and significant wave heights for Hurricane Tke are simulated by the ADCIRC + SWAN model (a tightly coupled version af the

ADwanced

TRCulation model and the Simulating Waves Nearshore model for simulsting the propagation of stoem surge and waves from

deep water to the coastal region). The performance of nonelevated and elevated archetypes is examined at different locativns in southeast

Texas for Humicane Ike and a scemario of damage states predicued for this area for the elevated archerype. DOI:

SAIXO002241, © 2008 American Society of Civil Engineers.

Author keywords: Wultihazand; Fragil
Hurricane lke; Cosstal area

Advanced circulation

1061 ASCEIST.1943-

model (ADCIRC); Simulating waves nearshore model (SWAN);

current state of the ant can have a significant impact on
potential policy ar risk mitiga

American Saciety of Civil Engineers

Author keywerds: Coastal madway fragi

shed light on

o practices that are expected w be increasingly importamt in the faare a5 sea level rise urther recuces
roadway distance 1o the shoreline or as stoem intensity and frequency changes. DOL: 10.1061ASCE)C

L1943-5509,0001650, © 2021

: Stoem bozard; Surge, wave, and imundation; Calveston Island; Hurricane ke, Cosstal

Introduction

Coastal areas are usually a multibaesrd environment, which means
that mear-coast structures are expased (o multibueard events such as
earthquakes and tsunamis ar hurricane wind and harricane-induced
surge and waves. Hurricanes are o common natural hazand in the
United States and camse considershle damage almost every year
The annual hurricane-induced damages in the United States ae
on the order of tens of billions of dollars (Baradaranshorsks
et al. 2017). However, the extent of damage for 3 single hursicane

and Eavisoomenial Engincering.
. CO 8523, Ermil: Hissan Masoomi®

*Geomga T, Abell Profossor in Infristrstirs and Co-Director, Center of
scellence for Risk-Based Commesity Resilence Pluning, Dept. of
and Esvironawntal Enginesei
€0 BI523 (eneresponeding suthor), Enil, o @ emgs colastte sl

‘B Can sk. Comemenity Resibence
Flanning. Depl. of Civil and Environmental Enginoering. Calorado Ste
Usiv, Far Calliss, €0 §0%23. Email: amerikmr Grengr colastote edu

*Poskdoctoral Febow, Conter for Risk-Bused Commusity Resibence
Planning, Dept. of Civil and Environmental Enginesring, Calorado Staie
Usiv., Fart Calliss, €0 §0523. Email. Trang Dot colusiaie eda

Profrssor, Diept of Civil. Cosstal, and Esvironeneatal Enginoering.
Ui of South Aldhssma, Mobile, AL 56685, Email: hwebb @ southalshama

.

Dote. This masscript was ssbmitied oo Jasuary 8, 2018; approved oo
Buly 12, 2018; pablished onliss o Db 25, 018, Thcusssm poriod
opem il M 25, 01 sepads discusions it be subisied fr
individual pager s partof the Journal of Strucniral Engineer.
g, ASCE, '\SSN 17339445

ar for burricanes m a year can be oa the onder of hundreds of bal-
lions of dollars. For example, the damage caused by the 2004-2005
Atlantic hurricane season was mare than $150 ballion (Pielke et ol
2008) and estimates for 2017 Humicane Harvey are expected to
enceed 100 billion (Quealy 2017). However, the costlies! westhee
culprit for propesty damage as well as cop damage s fooding
(NDAA 20172). Potential hurricane bosses are likely exacerbted
by population growth, demograghic changes, and climate change.
Meamwile, more than SO% of the US popalation lives in coastal
ameas (Crossel et ol 2004) and the NOAA population forecast
trends suggest that coastal oreas will be the highest grawth areas
in the future (NOAA 2017h). However, the current consiruction
practices in cosstal communities seem 1o ignare the effect of
muLllpIx bazands n the buill enviramment (McCullough et al,
provements m construction practices have been notable
dual bazards in recent decades. For example. (lood insur-
ance rale maps (FIRMz) were revised in 1963 and 1992 1o considee
e effect of wave action on buildings (FEMA 20094), which was
found 10 sigaificantly mcrease the survival rale of bouses con-
staucted after 1987 in the aflermath of Huricane e (Tomicack
et al. 2014). However, there is still a gap for mechunics-hsed
{ar physics-bused) mullihazard analysis and damage prediction
methads. MeCullough ¢t al. (2013) studied the darages resuling
fron hurricane winds, surge, and wives duriag Husicane Katrina
far two residential-building case studies. Cansidering the impor-
tance of multiple hizards in constucting coastal structures, they
proposed a framework that combined muliibazard enginesring
with pesformance-based design o onder 1o elfectively impoove
the performance of stuctmes in mullibezand environments.

© ASCE 04D18227-1 4 Siruct. Eng.

1. Sirvct Eng., 2019,

netwark analysis.
sesturation process. In addition. the community and its asseciated
infrastructure systems such as builfings, power, water, and tele-
Stonm haands can mpact coastal by are highly dependent on lunctionality of the trans-

damaging infrastructure systems due 1o combined surge, wave,
and inuncation effects (Padgett el al. 2008; Bass et al. 2018). One
eritical infrastructure system that has been significantly impacted
during past storm events is the wanspartation network, Damage
10 the transportation metwork may cause disruption 1o evacustions,
limit secess Lo emergency services such as hospitals and fine sla-
tsans, impair the supply of goods, food, and medical aid for elderly,
disabled, and medically compromised populations, and skow the

"Posidoctoral Resesrch Assocrli Alumnus, ol Crvil and Envir-

anments] Eagineering, Rice Univ., Howstan, TX T7005; Rescarch Assistant

Prafesscs, Depi. of Civil, Environmental, and Geaspatial Engineering,

Michigim Techaokogical Usiv,, Houghsan, M1 49931 ORCID: hutps:if
Ermail: ydiressa@rmin edu

iil. Cosetal and Environmental Engineering.

Usi.of South Alubama, Mobile, AL ¥6688. Email: hwebbsoutbalahama

i

*Stanley €. Mocre Professor, Diepi. of Civil and Envirannental Eng-
‘mecring, Rice Univ., Howston, TX 1768 {caresponding autbor). Email
in7rice e

P Alumaes, Dept. of Civil, Coastal and Eawircnmental Engineer.
ing, Univ. of South Alsharmm, Mobile. AL J6885, ORCID: hps-forcid arg
0-HNEL 71101963, Email: gppl S22 jagmail soothalahama.edu

“Pasidoctaral Rescarch Assaciate Abumnus. Depe. of Civil and Envi.
anmental Engincoring, Rice TX TIOUS; Senior Dita
Scieasist. Hmlgl: Inielligence LLE., 1215 Liviagsion Ave. 6308, Nosth
Brunsvick N OS2, vl ecbicheal sl coen

tc. This manuscript was ssbmitied o0 Novemibes |1, 2005 approved

o0 June 29, T3, pabihed ol on Septewee 15, 3721, Discoston
pertond open wntl Febnary 15, 2023; sepisate discussions must be sib
mitted for individual papers. This paper is part of the Jaurnal of Perfor-
wance of Construcied Facilites, © ASCE. 155N DBET-1528

portation system, particully postevent when access is key to any
inspections and repairs requined (Clopper and Chen 1988; Powledge
etal. 1989, b; He and Cha 2020).

The transportation system. in coastal regions is mainly com-
posed of rosds and bridges, 4 sel of components that is vulnerable
10 combined starm surge. wave, and immdation impacts. For exam-
ple, in Hurricane Kairina (2005), more than 44 bridges were dam-
aged in the US Culf Coast (Padgent et al. 2008). In addition. in
‘Husricane Tke (2008 nearly 55 bridges fincluding public and pri
wvate structures) were damaged in the Houston/Calveston, Texas,
region (Stearns and Padgett 2011). Most of the significant damayges
were due to unseating of bridge decks, and other modes of fxilure,
such as failure of bridge parapets, damage due to debris impact, and
scour were also abserved (Paclget et al. 2008; Stearns and Padgen
2011; Ataei and Padgen 2013},

In past burricane events such as Hurricanes [van (2004), Katrina
(2005), and Tke (2008), rmads have also sulfiered from various types
of damage. For example, in Hurricane Te. neary 13 ki (8 mi) of
roads in Follet's Island, Texas, were damaged (Coast and Harbar
Engineering 2009), and in Hurricane Katrina (2005, major rosd
segments scross mulliple states were reported a5 damaged or with
access impaired (Padgett and Amokd 2009). For Humicane Ik,
damage ranged from partial failure of the edge of the pavement
w0 roadway washoul from pavement and embaskment laikire
(Cater 1. and BL Bermudez, personal communications, 200
Caast and Harbor Engineering 2009),

o mitigate such damages, the Federal Highway Adminisiration
(FHWA 2016) for analysis, design,
of highways in the cosstal environment that are occasionally

© ASCE 040210851 . Perform. Canstr. Facd

1. Prrform, Comsir. Facil, 2021, 35(61: 021065

Masoomi e

13

tal (2019)

Darestani et al. (2021)
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ADCIRC+SWAN
XBeach
Delft3D

IN-CORE

Without
Adaptation

With
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Methods
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1D XBeach Modeling

Exireme Event Scenarios Adaptation Scenarios

* Present Day MSL * Do Nothing

e 2055 MSL* « Beach+Dune Restoration
e 2085 MSL* » Beach+Dune+island Lift

. 19 AEP « Beach+Dune+Lift+Bayside
. 4% AEP » Buried Revetment

. 10% AEP « Seawdll

e Elevate Homes

*IPCC AR6 SSP5-8.5 50t Percentile
15 Resilience | Fall Meeting | 7-8 November 2024 [g



1D XBeach Modeling

* Background
Erosion Rate

o-1.2m/yr
* Bruun Rule

02055:-30.7 m
02085:-51.2m

16

Elevation (m, NAVD88)

Barrier Island Profiles

Barrier Island Profiles

Barrier Island Profiles

Barrier Island Profiles

w

)

[,

o

'
(=

'
(S ]

3000 3100 3200 3300 3400 3500 3600
Cross-Shore Distance (m)

—Existing —2055 —2085 —Buried Revetment
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1D XBeach Modeling

* Background
Erosion Rate

o-1.2m/yr
* Bruun Rule

02055:-30.7 m
02085:-51.2m

17

Barrier Island Profiles

6
Barrier Island Profiles
6
Barrier Island Profiles
6
Barrier Island Profiles
6
4
8 2
o
=
<
=
E O
c
S
®
3 -2
w
-4
-6
3000 3100 3200 3300 3400 3500 3600 3700 3800 3900 4000
Cross-Shore Distance (m)
2025 ——2055-SLR 2085-SLR  =—=—2055-SLR-LIFT 2085-SLR-LIFT ==2055-SLR ==—2055-SLR-LIFT —=2055-SLR —Existing
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Infrastructure Model

s Homes

e RoAds

e Water

e« Sewer

18

Gulf

Hi1

H2

H3

H4
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Infrastructure Model

Elevated Structure Fragility Coastal Roadway Fragility

Archetype 4, 8 ft Elevated, Limit State 1

s Homes

1
5555
¢ |;2 (:)<:J (:ifS : BRR 0.8
OGS
@ aﬁ@%@%ﬁ%z“&%
XX AR
O KK KOO BORAAS
i I af'.,fe%’t,’.‘o’e,*,. A0S s
Wy . ) M0G0 0.6
. o7 X e
eleCOoOMms &
A 0.4
z
gat |
L 0.2 AL
P
- Water :
&
o 0 s
100

s00 100 0

Sewer

400 300
0 600 500 00

Inundation Duration (hr)

Distance to Shoreline (m)

Do et al. (TBD) Darestani et al. (2021)
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Conventionally Built Homes: Assessing Damage

Flood Damage
+ Any waterline in the crawl space or an unfinished

Infrastructure Model J oooomentunenossentialivngspaceor

submerged.
« Damage to a porch, carport, garage, and/or an

outbuilding, etc.
|
DS - 1 * Waterline at 1 to 3 inchesin an essential living

space.
* When waterline exceeds 3 inches but is below
18 inches, damage may be major or minor
depending on the following factors: duration of
the flood; contaminatesin the water; if waterling
reached outlets; and number of essential living
spaces flooded.

Any waterling in a finished basement.

Waterline above 18 inches or the electrical
C’ass"fic af"on outlets in an essential living space.
* Waterline on the first floor (regardless of depth)
of a residence when basement is completely full,
* When waterline exceeds 3 inches but is below
18 inches, damage may be major or minor
depending on the following factors: Duration of

the flood; contaminatesin the water; if waterline
reached outlets; and number of essential living

DS=3 P spaces floaded.
* Waterline at the roofline or higher, or complete

failure of two or more major structural
components [e.g., collapse of basement walls,
foundation, walls, or roof),

Affected

N

Minor

Damage State

O
(72
Il
N

M ajor

/

stroyed
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Results/Findings




Probability of DS=3

Results/Findings:

Elevate Homes - P(f)

2055 No Action

2085 No Action

100% 100% —— — e °
80% o 80%
%
60% 5 60%
z
40% rEU 40%
0
=
20% 8 20%
e *— —
0% e o o 0% —8
0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0 3.0 4.0

Home Elevation Increase (ft)

—o—1%AEP —e—4%AEP —e—10% AEP

Home Elevation Increase (ft)

—o—1%AEP —e—4%AEP —e—10% AEP
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Probability of DS=3

Results/Findings:

Elevate Homes - P(f)

100%

80%

60%

40%

20%

0%

2055 No Action

2055 Beach+Dune Restoration

1.E+00
1.E-04
T 1E08  —*
[7p]
8 1E-12 /
(=]
2 1E-16
S 1E-20
s
1.E-28
o < ot 1.E-32
0.0 1.0 2.0 3.0 4.0 0.0 1.0 2.0

23

Home Elevation Increase (ft)

—o—1%AEP —e—4%AEP —e—10% AEP
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Probability of DS=3

Results/Findings:

Elevate Homes - P(f)

100%

80%

60%

40%

20%

0%

2085 No Action

2085 Beach+Dune Restoration

—e 0% r-/.k .

—— —o ° 10%

o 8% ¢
%
s 6%
Z
g 4%
0
o
o 2%

. *—— ———

0.0 1.0 2.0 3.0 4.0 0.0

Home Elevation Increase (ft)
——1%AEP —e—4%AEP —e—10% AEP
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EUAC 2025 USD ($)

Results/Findings: Elevate Homes - $

Elevate Only Beach+Dune Restoration

10000 ® . o ___‘_________‘____“___: 10000 e

®
a —
%)
=
—8— -9 & - - —e
&)
<
-]
L
1 1
0.0 1.0 2.0 3.0 4.0 0.0 1.0 20 3.0 4.0
Home Elevation Increase (ft) Home Elevation Increase (ft)
—e—2025 —e—2055 ——2085 —e— 2025 - o- 2055 —e—2085
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Results/Findings: Adaptation Costs

. P $100,000
EUAC of First Cost = P(i) aA+0"—1
$10,000
« P: cost of adaptation z
B $1,000
« i:avg CPI (3.7%) <
; $100
* N: time (30 yrs, 60 vyrs) 2
$10
Total EUAC = First Cost + $1
Damage ($S) x Scenario Probability 5 2
g 3
26 Resilience | Fall Meeting | 7-8 November 2024

1% AEP Scenarios

4= -
c

Beach+Dune+Lif

Buried Revetme

—

Seawal

m 2025
m 2055
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Results/Findings: EUAC Ratios

2055 Conditions

1% AEP
do nothing
do nothing 457
beach+dune 92.5
W
=
=]
=
=
E beach+duneHift 68.4
a
&
buried revetment 173.9
seawall 73.8

2055 Conditions
1% AEP f Raised +4 ft
do nothing beach+dune beach+dune+lift | buried revetment seawall
do nothing 118 1.1 1.2 111 362
beach+dune 111 1.0 1.1 10.4 339
;]
=
=]
=
=
5 beach+dune-+lift 9.8 0.9 1.0 9.2 30.1
8
5]
buried revetment 13.3 1.2 1.4 12.4 40.6
seawall 102 0.9 1.0 9.5 311

27
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Next Steps
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Next Steps

1. Complete residential building
vulnerability assessment

2. Reassess residential building
vulnerability with resilient
adaptations (in 2D)

3. Perform economic analysis

4. Finalize videos/tutorials for 3 s
COOSTG' dOTG in'l'egr(]'l'ion in'l'o hh‘ps //wwwexped/ocom/Douph/n Islonddxl828%
IN-CORE
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Sneak Peek - 2D Modeling

1. 2D XBeach Simulations e |
o Resilient Adaptations SLE
o AEP and SLR i -

2. Existing + Future AEP g
Conditions
o Baseline and Future gm "

3. Preliminary Assessments é
30 Resilience | Fall Meeting | 7-8 November 2024
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Sneak Peek - 2D Modeling

CHS-GoM: Combined Cyclone, SLCO CHS-GoM: Combined Cyclone, SLCO
‘| 2 D X B h S M | .|.' 10 Virtual Gauge 30357 (30.2487°N, 88.1592°W) 10 Virtual Gauge 30357 (30.2487°N, 88.1592°W)
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3. Preliminary Assessments
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Sneak Peek - 2D Modeling
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Sneak Peek - 2D Modeling
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Sneak Peek - 2D Modeling

xomplete damage value

Stacked Bar Chart of Damage State Grouped
by Archetype Type in 500yr event
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xomplete damage value

Stacked Bar Chart of Damage State Grouped
by Archetype Type in 500yr event - SLC1
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xomplete damage value

Stacked Bar Chart of Damage State Grouped
by Archetype Type in 500yr event - SLC2
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Sneak Peek - 2D Modeling

0.2% AEP

s28M

+0.83 m SLR

+2.24 m SLR

$322M
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Please contact me if you are H E

interested in our work or would like to | I ~d
be contacted with updates.

bwebb@southalabama.edu
(251) 460-7507
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