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FEMA defines urban flooding as:

“the inundation of property in a built environment, particularly in more densely
populated areas, caused by rain falling on increased amounts of impervious
surfaces and overwhelming the capacity of drainage systems. It excludes flooding in
undeveloped or agricultural areas. It includes situations in which stormwater enters

buildings through a) windows, dOOI’S, or other
openings; b) water backup through pipes and drains; c) seepage through
walls and floors-









Elements of a Floodplain

The Natural Floodplain

Low elevations subject to rainfall High
accumulation and flooding / Ground

v

High
Ground

Width of 500-year NFIP Regulatory Floodplain

Width of 100-year NFIP Thevation of
Regulatory Fk;odplain s

T Nowmal Watey ) _T—' ="

Level
. 4

FIGURE 3. THE 100-YEAR FLOODPLAIN REPRESENTS AN AREA WHERE THERE IS A 1% ANNUAL CHANCE THAT A
FLOOD WiLL OCCUR, AND A 500-YEAR FLOOD IS WHERE THERE IS A 0.2% CHANCE EACH YEAR OF SUCH AN EVENT,
SOURCE: CENTER FOR DISASTER RESILIENCE, UMD,

Source: The Growing Threat of Urban Flooding; U. Maryland, Texas A&M; 2018




NUMBER OF URBAN FLOODING
OBSERVATIONS BY STATE (1993-2017).
SOURCE: NOAA; MAP BY CENTER FOR
TEXAS BEACHES AND SHORES, TEXAS
A&M (CTBS), 2018.

Source: The Growing Threat of Urban Flooding; U. Maryland, Texas A&M; 2018
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30 M people (10% of population) live in combined 100 & 500 yr floodplains.

2/3 of which reside in TeX a.S or NeW YOrk

1980-2018* Billion-Dollar Flooding, Severe Storm, and Tropical Cyclone Disasters v
(CPI-Adjusted) V

17-24
»AJ |
13-40
41-48
O 49 5¢
A L ” $7-64
e “ 8572
— |.
United States
B Floodey 2 B Sovero Soim L))
Frogecal Cycionu £ B Al Desastons 1A

Source: NOAA



Source: The Growing Threat of Urban Flooding; U. Maryland, Texas A&M; 2018 Source: 'the Growing Threat of Urban Flooding; U. Maryland, Texas A&M; 2018
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PERCENTAGE OF TOTAL NFIP CLAIMS BY COUNTY (1972-2014)
ATTRIBUTABLE TO PROPERTIES OUTSIDE THE SFHA. SOURCE: FEMA NFIP; MAP
BY CENTER FOR TEXAS BEACHES AND SHORES, TEXAS A&M (CTBS), 2018.

NFIP CLAIMS PAYOUTS BY COUNTY, 1974-2014 FOR PROPERTIES OUTSIDE THE SFHA (100-YEAR FLOODPLAIN).
SOURCE: FEMA NFIP; MAP BY CENTER FOR TEXAS BEACHES AND SHORES, TEXAS A&M (CTBS), 2018.

O /O of Houston properties damaged by

Harvey outside of 100yr floor plain.
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5-yr Maximum Daily Precipitation 99th Percentile Precipitation

(1901-2016) P (1958-2016)
And therateis & = &
accelerating '

Number of 5-yr, 2 Day Events Number of 5-yr, 2 Day Events
5 (1901-20186) (1958-2016)

Change (%)

Source: The Growing Threat of Urban Flooding; U. Maryland, Texas A&M; 2018 <0 0-9 1 0-1 9 20-29 30-39 40+




Projected Climate Change Hazard Potential Impacts to Port Authority

Sea Level Rise:

- Observed relative sea level rise of about - Amplifies the depth and extent of storm surge, putting more
1.2 inches per decade (which includes areas at risk of flooding during coastal storm events.
factors such as land subsidence) in the - Increasing depth and extent of coastal inundation during
greater New York City region has averaged extreme and regular high tides.
twice the observed global rate.

Sea level rise is very likely (>90%

probability of occurrence) to accelerate as
the century progresses.

Increased likelihood of backflow from drainage outfalls.

Progressively greater risk of groundwater flooding in
coastally connected areas.

Corrosion of tracks and equipment from saltwater
exposure.

Diminishing air draft below bridge spans.

S Precipitation:

- The number of annual rainfall downpoursis | - Greater volumes of rain in more concentrated downpours
very likely (>90% probability of occurrence) could overwhelm drainage systems and cause localized
to increase. flooding.

Disruption to movement of transit vehicles and freight both
during and after significant precipitation events.

Erosion and scour of foundations, pilings, footings, and
shorelines from overland flow.

Additional stress on drainage and pumping systems.

The Climate Resilience Guidelines supplement ASCE 24 and applicable local codes in two primary ways:

e Adjustment of the BFE for Sea Level Rise: The Guidelines augment the applicable FEMA BFE
by adding the relative increase in future sea levels (based on the NPCC projections) over the
project’s expected service life®.

Consideration of future floodplain expansion: Rising sea levels may also lead to expansion
of the 100-year tidal floodplain over time, depending on local conditions. Therefore, the
Guidelines apply to projects sited in or proximate to today’s 0.2% annual chance (*500-year”)
floodplain or in the projected future tidal 100-year floodplain, in addition to the current FEMA 100-
year floodplain.
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EXIST GLAsz—MHH

#4@12"0C, EMBED
REINF 3" INTO EXIST
COMNC SLAB USING
HILTI HY-200, SEE
MOTE 2

STYROFOAM FILLER,—

AS NEEDED.
COORDINATE WITH
ARCHITECT.

#4@12"0C

NOTES:

SEALANT, COORDINATE
WITH ARCHITECT

/NEW CONC CURB

[
oy

] ROUGHEN EXIST
il / CONC TO CSP-0
SEALANT, SEE NOTE 3

k / EXIST CONC SLAB
1T

s,

—_|||_—""—'III|—
EXIST CONC
/— GRADE BEAM

1. FIELD VERIFY ALL EXISTING CONDITIONS AND DIMENSIONS. IF THEY
VARY FROM THOSE SHOWN CONTACT ENGINEER.

2. CONTACT ENGIMEER IF THICKMESS OF EXISTING SLAB IS LESS THAN 6"

3. SEE ARCHITECTURAL DRAWINGS FOR ACCEFTABLE SEALANT

MATERIALS.

NEW CONCRETE CURB

MO SCALE
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Phase 1: Protect the Building
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Tax Day Flood 2016
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Phase 1: Protect the Building
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Hurricane Harvey

Phase 2: Protect the Garage
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( ) GROUND AND ENTRANCE LEVEL

Dol1-64-1F B +CE

WALTER P MOORE

ALLEY THEATRE
FLOOD MITIGATION

[ CTHEATRE

Assessment

O BASEMENT LEVEL

?

door: 6'-6" wide x
7'-0" tall

2pI9-04- | FZ BD +CE

L

\{
3
e
e
rough opng at
existing tunnel 6'-2"
wide x 6'-6 1/2" tall
gee
@ @
\ \

WALTER P MOORE

ALLEY THEATRE
FLOOD MITIGATION

oLV THEATRE

OLLABORATIVE
NGINEERING
GROUF

BASEMENT LEVEL

S2.1




PN
v vavy, walter

' 3""' p moore HARVEY FLOOD EXTENT
A
. 2
HARVEY FLOOD EXTENT

L !
= 5

Harvey FIc Ol
iy g
L
Rl \F

Harvey Flood Evj
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Hatch Vaults | - o Structural FRP Reinforcement Recessed Bottom Hinge

Recommendations
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Weather seal, Dow 795 or similar.
Minimum contact area of 1/4" on
glass and embed

Backer rod between shim locations
to support weather seal F
=
b

Ingh impact shims placed 12" o/, |, ’
| > AT

/_.

~

Structural seal, Dow 995 or
similar. Minimum contact area
TBD on glass and embed. 1/4"
thickness.

XYY

High impact shims placed at 1/4
points of each glass unit. Size of
each shim (in} = .1 x glass area (ft"2)
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Storefront

3 & 4-lite laminated glass.

- SDI - 0"

EXISTING SPANDREL GLASS WALL

EXISTING SLOPED CONCRETE
WALL BEYOND

EXISTING
CONCRETE
SLAB

Backup wall at spandrel glass.

BOX OFFICE WINDOW

EXISTING CONCRETE SLAB

NEW CMU WALL,
RE: WPM DWGS

1/2"=1-0" | 06




.y Sy

\

4—-.--- " i

A

\)

.

7

3



| 10 Year:
50 Year:
100 Year:

B0t Casey

Courthause

Harvey Flood Elevation = 40.35%’

PRESTON STREET
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|~Tc 5782

SCOPE CONTAINED IN EITE .
FOUNDATION PACKAGE
(C.OH. PROJECT NUMBER 16085124} h

LOUISIANA STREET

/1
a

= =
TOP OF DECK.

3 ATIONS HAVE BEEN DETERMINED
USING CRIEINAL

RUZTURAL DRAWNGS
CONDITION AND ELEVATIONS MAY VARY.
EXISTING CONDITIONS AND ALERT ARCHITECTLRE AND
ENGINEERING TEAM MMEDIATELY T4 ANY VARISTION

TO WHAT IS SHOWN.

EXISTING CFFICE TOWER

Harvey Flood
Elevation: 40.35
(Assuming 6" risers)

PRAIRIE STREET

N\ GARAGE & PLAZA - LEVEL |
v SCALET=20-0 PLAN
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Ispacing 300mm)
liquid membrane filler__
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1. Most enclosures are design for wind loads, not water loads.
2. Flood resistance is not just about walls and doors.

3. Any system that has weeps are vulnerable

4. Transparency requires BIG decisions

5. Get full buy-in on strategies from all parties.

6. Testing, Testing, Testing

Takeaways
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Etched stream pattern

500 YEAR FLOOD WATER LEVEL
ONE IN FIVE HUNDRED CHANCE OF FLOOD PER YEAR

2 S v s vy S ey S R

Graphics Detail
Scale 3/4" = 1°-0"

Etched water
bubble pattern

100 YEAR FLOOD WATER LEVEL
ONE IN ONE HUNDRED CHANCE OF FLOOD PER YEAR

Text showing flood
water levels

Graphics etched into
conrete retaining wall
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¥
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build high




- use resilient or

o sacrificial materials
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buildings are
operated by
people
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SITE MATTERS
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MATERIALS MATTER
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Architectural
Considerations
For Flood
Protection

Purveyors of Architectural Specialties

Savannah Trims Inc
(561) 656-2556
Savannahtrims.com

© 2017 Ron Blank & Associates, Inc.


https://www.google.com/search?source=hp&ei=pT-dXbjFDKad5wLttYPQDQ&q=savannah+trims&oq=savannah+trims&gs_l=psy-ab.1.0.0l2j0i22i30l3j38l2.44519.55766..59738...0.0..0.167.1022.13j1......0....1..gws-wiz.......0i131j0i10.0ovQigRNTtc

Why Flood Protection is Important

Being educated on flood control solutions can facilitate getting your Building Certificate of Occupancy and
Permits and Protection of Property and increase the range your practice

Subterrainian Parking Garage - Close-up
Hurricane-Sandy ~pctober 2012




Flood Terminology

Common Abbreviations _ _
Structural Considerations

BFE — Base Flood Elevation (Set by flood map) v = flood f
FF — Finish Floor Elevation (Set by Building Designer) ) by rostrat:cc oodftorce
FB — Free Board Height (Set by local code, minimum of 1 ft) ) hugyagcy orcef
DFE — Design Flood Elevation (BFE + FB) - dybrf) _V”am'cf orce
FPE — Flood Protection Elevation ([BFE + FB] — FF) or (DFE — FF) - debris Impact force
https://www.fema.gov/media-library/assets/videos/82399 https://lwww.fema.gov/media-library/assets/videos/83209
—; g2 Mmm LIMWA
{ Coastal - \ VE AE H Q
__ZomeVE_ ... .. AE Zone l 1 AL
-~ - : ‘ -1 8 | e Wave height 2 3 feet & Wave height 3.0-1.5 feet n W(a\fshggthl B g
BFE ~ Fl?:gblz\{:gd Properly elevated building :%Eg :g
______ Y lvivi effects and waves
s cien | I
Sea le\'elx‘ "
Yy, —— 5
’/SforTeline SandTbeacn Buillings OverTland VegeIaled Limit of SFHA

wind fetch region




IRemovabIe Flood Barrlers Types

o I:)OSt].l. .

Side by Side Panels with Kickers Side by Side Panels with Posts

Considerations:
- Foundations/Footers
- Egress
- Mounting Points
- Smooth Level Impermeable Surfaces




Removable Protection Considerations

Aluminum flood panels

* Rubber gaskets affect the seal at opening

» Success = Flat, paper smooth building surface +
building contractor vigilance

All Removable Barriers cannot be installed onto brick
cavity walls without careful design & detailing

Face Brick Buildings

« Care must be taken not to crack brick

« Bricks must be bonded to structure (no-air space, or
air space filled with structure)

« Bricks must be smooth faced

« Permanent plates may be needed




IRemovable, Aluminum Flood Panels

Overview

« Medium and high-water window/door opening
protection

» Rubber gaskets at seal of opening perimeter

« Stored nearby

« Additional bracing with vertical posts or diagonal
braces

Advantages

« Lightweight

« Small tools for installation

« Kickers for water resistance
« Lowest price

Disadvantages

« Takes time to deploy + install

« Storage space needed

* Inspection + maintenance

« Cannot be set on pavers

« Paper smooth surfaces for installation
« Parts can be lost overtime




IStacking Systems

Overview
« Used on large open areas
« Small, lightweight components

Advantages

« Lightest weight

« Easy storage + deployment

« Simple install

« Less time consuming deployment/installation

Disadvantages

* More expensive than side by side

» Needs inspection and maintenance

« Cannot be set on pavers

« Paper smooth surfaces for installation

Westin The View Hotel Sarasota Florida



<4+ (Gran Paraiso Miami Beach

Apple Miami Beach FL =———p

Raleigh Police Equestrian Barn sp-

<+ NIKE Flagship Store Miami Beach

Quonset State Airport, Rhode Island =—p



Flood Glass Systems




Iln Place Glass Storefront Flood Protection

A Passive Solution

Hybrid laminated glass product using site-
specific engineering to confirm compliance

Door openings may still use the removable
aluminum panels or Flood Resistant Doors
may be used

Considerations:

« Glass Thickness

« Glass Size

« Mullion Spacing / Size / Reinforcing

« Wetted Area

« Structural Supports (Header, Sill, Jambs)

<€+ |nstallation of flood-rated glass
this glass meets BFE of 54 inches/




IFIood Doors

Offer utility and great aesthetics
Frequently used when practical

Hybrid laminated technology

"
-
nv‘
(o

‘ — 7- o 2P ".A.’ ‘ AL
DOOR IN TEST CHAMBER -




Flood Door Types

Hollow
Metal

£y

; “HWMDOOR
B - ~"WATER CAPACITY
TESTED TO 60 "

ek

ALUMINUM J§ ENTRY
TESTED TO 6D INCHES
WATER DEPTH

Aluminum
Store Front

High
Performance

N\

Connecticut Edison

/ Electric NJ

Sliding




Permanent In-Place Moving Panels + Gates

Overview

« Large panels needing heavy construction and )7
reinforcement are always ready to be swung .
closed and protect the openings )

« Suited for high-water protection needs

Advantages

« Excellent in front of entryways, driveways,
warehouse/factory openings

« Simple usage and installation procedures

« Maintenance required

Disadvantages
* Appearance
* QOccupy space




Permanent In-Place Panels + Gates

Sliding
Satala Power Plant

Tsunami Hardening,
American Samoa

Hinged
Custom Chemicals
= . — 1 e

Flood Gate, : e
Greensborough, ™

N.C. :
Lift-Out Drop-Down




Automatic In-Ground Flood Barriers

Excellent for large openings w/ patented

deployment technique

* Driveways

« Parking deck openings

 Roadways (Installed alongside berms or wall
openings)

Advantages

« Easily solves obvious problems
* No electrical requirements

« Self-operated

Disadvantages
« Poor operation in icy conditions
« High initial expense




ICOSt Factors

Most manufacturers evaluate applications and
provide budget estimates

Most Expensive
* In-ground automatic barriers
* In-place barriers

Least Expensive
 Removable flood barriers (lower upfront cost)
» Glass store front barriers (passive)




Flood Glass Vs. Flood Barriers

Flood Barriers

 Must Be Deployed — possibility of no personnel, no time

« Theft — one missing part = system is not effective

« Storage Required — occupies valuable retail / etc. footage

« Personnel — training, certifications, yearly deployment, stoppages
 Initial Cost — footing labor & install + flood barrier + storefront

« Long Term Cost — maintenance storage, yearly training, deployment

Flood Glass
No: Install, Theft, Storage, Personnel

Initial Cost
« Higher initial cost of storefront
* Only glass within the DFE needs to be flood glass

Long Term Cost
* NONE



Engineered Glass Railings for Flood Protection

Railing immediately after installation when the Urban application protecting a
posts, set in concrete are curing building and windows
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Sample Flood Barrier Details
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Sample Flood Barrier Details

HIS DRAWING
SUBMITTED FO

FABRICATION WILL NOT BEGIN  Tha Ideas srawings, wors and
UNTIL CONTRACTOR GUARANTEES represantaans hanson ara e sole

AND APPROVAL ! ALL IMEMSIONE. 1N WRITING®  proparty (l‘aausl'.'ls! Trine, Ine. and
TO DELAY CIMENSIONS 1 aled companies. = wr\\‘.
WILL DELA™ DELIVERY ay maay 16t be used o resnoduced H
‘with out the written consent of the. H
Savannah “rims, nc, Corporation. H
o :5 ;'.p_-.i_.-r-.'nl.-.s;-.uun:..-. e [ §
©
5
NEP) TOP COUPRESSOR KB ¢ ' .
T0P COMPRESSCR. KNOR . R
3" MLUM. PLATE B \ =
P e — - — o HCO ALUM. CHANNEL WITH SLOT N TOP VIEW
f 1 W ST FOR - i ! =t L
i +— COUPRESSOR BAR PLATE 4 2" AU —— ! SIDE VIEW SIDE VEW
! oy CHAMNEL WIH SLOF : PRESSER BAZ SIOE CHAMEL
L Mo FOR COMPRZSSOR Ea PRESSER BAY SIDE CHAMKEL
] P \—éﬁ ALUN, PLATE WITH SLOT R PLATE J /5 CHANMEL SLOT & PRESSOR PLATE DETAILS
s n L-2 =14
%1 | ANGLE W4 Pl PANGLE Wi B = . .
‘\ HOLE FOR PAD L0CK HOLE FOR PAD L0 355, WEDGE BOUTS @ 127 0.6,
0" LM, MNGLE ATTACHED T0 2'62'%25" STRUCT. ALUM. ANELE
TIT IS AUM TUBEWITH §14 S5 TEK " \ POURED CONCRTE OR OONCFETE
o SCREWS A7 67 0L i‘,;;emgﬁrfr ‘*\ | FILED BL0CK PECURED
PRESSER .
3¢9 TURN 0108 _ /\:Je" DENSE 20 JURDMETER RUBBER CONT. GASKET
LT PRESSER ) ) 1 4 107 A,
\_STEEL TUBE CHANNEL WITH SLOT
B OTHERS | ~ Gy L o oowess
N . B L
252" AW MNELE ATTACHED T0 2} 5I1|Ns BRIK - NOTCH 10, ) S N i
2= = LET IN ANGLE (BY 0 L 2%10%.05° STRUCT.
g c;g‘ ;.zf #UU";J”BE WTH f14 55 TEK SRUCTIRE [P SENERAL CONTRACTOR) s
| - £ = I o SEALINT
i: ? H_Tg‘x1 4 75 STRUCT, e m: - g B 3" TURY KNOB BOLT PRESSER
U H ], A TUE 225" STRUCT. | = Z -
e | Z ey ALUM. TUBE | = i BY CONTRACTOR. 4xix§" STRUCTURAL AGLE. INSTALL BETWEEN
1 (| %_/,ﬂ STRUCTURAL WALL AND BRICK. PAINT TO ATCH BRCK
| T DOSE 20 DIROVETER Jd” DENSE 20— | . BEDED JAMB ANGLE DETAL _
H— RUBBER CINT. GASKET 4T JUROVETER, RUEBER . -t EE
JAMBS AND POST END CONT, GASKET ) 5 55 oo K" DENSE 20 DUROMETER
}'9-16 SSMS. TO THREADED ANGLE BELOW = ANCHORS WITH 14" 12/ RUBJER CONT. GASKET
MIN, PEVETRATION INTO _}'8-16 SSMS. B 6
. CONE. WITH 30— 162" ' VER. START 4" FROM F£.
¥ <@ SSMS. (SEE PLAN r-m\‘é -
m LOCATING) (67 SS. _
= - SIDEWALS SCREV T0 . =
= ~ COVER 40LE WHEN o
T32'" UM MBLE ATTACHED 10 t ) FLOOD PROTECTION 15 \ 0
BOTION 2¢12°25" ALLM. TUBETH {14 NOT INSTALLED) )
S5 THC SCRENS AT 67 0. (AS INDKATED P SR AL
| ON ENLARGED PLAN ANT ELEVATIONS . ra . WU,
j: U || s o0t 20 ouRonerR } (SEE LN FOR LOCATIONS) / 3
r_‘ﬁ‘ | +—RUBBER CINT. GASKET . I12°%25" STRUCT. ALUML TLIEE_L ri/
T 3" TURN KNOB BOLT PRESSER
30-16 SSMS. TO CHILK-W N
ANCHOR €6° FROM EACH END HOLE FOR PAD LOCK 1 -
(SEE PLAAS FOR LOCATION) EXISTNE STRUCTURE 3 MUM, PLATE WITH SLOT

FOR TOP COMPRESSOR KMOE

/1 SECTION @ SIDE CHANMEL TO STEEL POST 2, SECTION @ SIDE CHANNEL TO STEEL POST ¢~ 3 SIDE CHANKEL DETAIL TO STEEL POST
7 Nz N5

T




Sample Flood Barrier Details
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Sambple Flood Barrier Details
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Questions?
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TEXAS FLOOD

Flood-Resistant Structures for Enhanced Resilience

SPEAKERS

Erik Verboon Colley Hodges, AIA, NCARB, Rich Romero
Principal, Structures Group LEED AP, WELL AP Vice President
Walter P Moore Senior Associate, Director of Savannah Trims, Inc.
Sustainability

Kirksey Architecture



REGISTRATION

OPENING REMARKS

SESSION 1
TEXAS FLOOD

SESSION 2
MATERIAL ACCELERATION

LUNCH BREAK

SESSION 3
BLOWN AWAY

NETWORKING BREAK

SESSION 4
SWEAT EQUITY

CLOSING REMARKS

8:00 AM

8:30 AM

8:45 AM

10:15 AM

12:15 PM

2:45 PM

4:45 PM

ERIK VERBOON / Walter P Moore
COLLEY HODGES, AIA, NCARB, LEED AP, WELL AP / Kirksey Architecture
RICH ROMERO / Savannah Trims, Inc.

WILLIAM RIECK, AIA, NCARB, LEEDA GA / HOK

THOMAS BAYER, AIA, NCARB, LEED GA / HOK

SHELDON B. DAVIS, PHD / Guardian Glass

MIC PATTERSON, PHD, LEED AP+ / The Facade Tectonics Institute

JIM LARKIN, PE / Curtainwall Design Consulting

STEVE THOMPSON, PE / Texas Department of Insurance
RICHARD KAIRE, PE, SE / Sentech Architectural Systems
RON HULL, PE / Kuraray America

ANDREW BLOCHA / Perkins + Will

LIZ MCCORMICK / University of North Carolina Charlotte
OLIVIER BROUARD, PE, LEED AP BD+C / SOM

HELEN SANDERS, PHD / Technoform North America
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