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FINAL EXAMSummary Report on Building Performance: Hurricaredriha

1. From Table 41, there were total hurricanes in 2005:

a. 12

b. 23

C. 31

d. 15

2. With regards to thestorm EffegtHurricane Katrina resulted in displaced people:
a. 275,00

b. 500,000

C. 72,000

d. 450,000

3. Considering the chafescription of Flood Zonds2 Yy S & ! doché A aY
a. an area inundated by 100 year flooding.

b. a coastal area with a 1 percent or greater chance of flooding.

C. Subject to shallow flooding.

d. an area of flooding between 1 and 3 feet.

4 RegardingVind Hazard ObservationklurricaneKatrina made landfall with amstimated Xminute sustained wind speed of:
a. 150 knots.

b 97 mph.

C. 125 mph.

d 110 knots.

5. RegardingVind Hazard ObservationBreEngineered Metal Buildingg/hile manyolder PEMBs were heayitlanaged,
newerones performed better

a. True

b. False

6. RegardingVind Hazard Observationid/all Coveringshigh pressuresinder overhangsnd building soffits seldom leac
to progressive structural failures:

a. True

b. False

7. Consideringconclusions and Recommendations, Foundation Recommenddtiondations should be selected and
designed

a. based on preKatrina FIRMs.

b based on AFBEs shown on Katrina Flood Recovery Maps.

c from the most recent edition of IRC.

d as per flood zone A99 requirements.

8. ConsideringConclusions and Recommendations, Wind Hazard Conclubemgndspeeds during Hurricane Katrina
were below current design wind speeds in most areas:
a. True

b. False
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oorly:

ConsideringConclusions and Recommendations, Performance of Building Envelgppeeral, performed

masonry buildings
stucco

vinyl sidings

steel sidings

A 100year floodis defined as the flood elevation that hia 15ercent chance of beingqualed or exceeded each yee
True
False
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In regponse to Hurricane Katrina, the Federal Emergency
Management Agency (FEMA) deployed a Mitigation Assessent
Team (MAT) to evaluate and asses damaye from the hurricane

and provide obsevations, conclusions, and recanmendations on the
performarce of buildings and other structuresimpacted by flood and
wind forces The MAT included engineers and other experts from
FEMA Headquarters and Regonal Offices and from the desggn and
construction industry.

Thisisasumma y of theinformationthat can befoundinthefull
MAT repat Hurricare Katiinain the Gulf Coast: Building
Performarce Observatons, Recommendabns, ard
Technical Guidarce (FEMA 549, 2006)

SATELLITE IMAGES uSEd In ThIS rEporT ArE CourTESY oF
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HurricaneKatrinawasoneof thestrongesstormsto

impactthecoastof theUnited Stateduringthepast
100yearsKatrinareachedCategoy 5levelsoverthe

Gulf of Mexico, thenweakenedand madelandfall

in LouisianaandMississippiwith strongCategoy 3

stormwinds. The stormsurge howeve, did notdi-

minish beforelandfall, andtherecordsurgecaused
widespreadievastationn the coastalareasof Ala-

bama,Louisiana,andMississippi.The stormsurge
causedailuresof theleveesystemthatprotectshe
City of New Orleansfrom Lake Pontchartrainand
80 percenbf thecity subsequentlflooded.

Prior to Hurricare Katrina, Alabama Louisiang ard
Mississppi did not have statevide building codes for
nonstateowned buildings. Mary of the commurni-
ties in area tha were heavily impected by Hurricane
Katrina had eitha not adoptel up-to-dat modd
building codes tha incorporae flood and wind pro-
tection or had no building codes at al. The lack of
adequag building codes greaty compoundd the ef-
fect of Hurricare Katrina on building peformarce.
Dauphn Island Alabama recenly adoptel an
amendmenfor deepe pile embedmentand Louisi-
am and Mississppi have taken steps toward improw
ing building codes.

HURRICANE

Storm surge and wave crest elevationsfrom Hurri-

cane Katrina exceededthe mappedbaseflood el-

evations(BFES) in many coastalareasof Alabama,
Louisiana,andMississippiandflood damagewvasse

verein theseareas.The elevationof a building was
the mostcritical factor in its successt withstanding
the storm surge. Where Katrinats record surgeand
wavesroseabovethe foundationand impactedfloor

beamsand walls, most buildings were destroyed,
regardlesof foundationtype. In some instarc- es,
howeve, buildings that were constructed using
structural frames that are continuouswith founda-

tions suvived evenwhenstormsurgeandwavesex-

ceededthe first floor elevation.

The failure of levees and floodwalls that protect the
City of New Orleans resulted in caadrophic flood-
ing in the Greater New Orleans area, with floodng
in many areas up to 8fed above the lowest floor of
the building. The BFEs for the leveeprotected area
are determined based on the certification that the le-
veewill provideprotectionfromthebasflood event
Many buil dings constructed with the first floor ele-
vation above the BFE were severdy damaged or de-
stroyed whenthefloodvatersrosewell abovethefirst
floor. Theduration of thefloodwatersin New Orleans

HURRICANE KATRINA 2005
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contributed to furthe damages, with some areas
remaining unde floodwatersfor severa weeks. This
long-duration floodng saurated sometypes of buil d-
ing materials beyond the point where they could be
salvaged and contaminated the materialswith cheri-
cd and biologicd substancesin thefloodwaters. The
rampant growth of mold in flood-sdurated buil dings
was anothe eff ect of thelong-duration flood ng.

Hurricare Katrina was less than a design-level storm
for wind in most area; however, wind damag was
widesprea and was severe in some area. Most of the
wind damag@ observed was nat structurd. Buildings
tha expererced substanial structurd damag typi-
caly were built before wind effects were adequate
ly considered in building design and construction.

Most of the wind damage observed was as®ciated
with the failure of building envelopes and rooftop
equpment Buil ding envel ope damage was observed
asfar west asthe New Orleans areaand asfar eag as
Dauphinisland, Alabama (an eag-to-west distance of
appraximately 140 mil es). Roof coverings in partic-
ular, peformed pooily. Only limited use of glazing
protection was observed and, consequenty, there
wasalso significant damageto buil ding glazing.

The poa performance of critical and esental facili-
tiesduring and after Katrinawas widespread through-
outtheimpadedarea. Facilitieswereseverdy damaged
and many were competdy destroyed While most of
the damagge to critical facilities was caused by storm
surge, highwindsalso damaged many facilities.

The Significance of Hurricane Katrina

Louisiana and Mississippi.

-]

-]

age caused by the flooding.

=)

er Structures design standard.

tions of Louisiana and Mississippi.

-]

damage or isolation due to coastal flooding.

hurricane Katrina was the most severe hurricane to strike the Louisiana/Mississippi Gulf Coast since hurricane
Camille in 1969 and the most significant hurricane to strike the new orleans area since hurricane Betsy in
1965. The significance of Katrina and its effects are summarized below:

N Katrina significantly exceeded the base flood elevations (BFES) by as much as 15 feet along parts of the
Louisiana and Mississippi Gulf Coast. Flooding extended well beyond the inland limits of the Special Flood
hazard Area (SFhA), and the highest storm surge in u.S. history was recorded on the Mississippi coast.

N The American red Cross estimated that Katrina destroyed over 300,000 single-family homes throughout

Coastal flood impacts covered a wide area, with severe flood damage extending along coastal Alabama and
totally destroying over 100 houses on dauphin Island.

Levee failures led to severe flood damage throughout the City of new orleans and surrounding areas of
plaguemines and St. Bernard parishes. hundreds of thousands of people are now displaced due to dam-

Katrina@ wind speeds were estimated to be at the design level in only a few areas and were less than the

current code-specified speeds (per the 2000/2003 International Building Code [IBC] and the International
residential Code [IrC]) in most areas. These codes use a design wind speed map developed for the 1998
edition of the American Society of Civil Engineers (ASCE) 7, Minimum Design Loads for Buildings and Oth-

N Wind damage to both commercial and residential buildings was widespread throughout the southern por-

In general, buildings functioning as critical and essential facilities did not perform well, and experienced
significant wind and flood damage (with damages similar in nature to their commercial counterparts). The
operation of many critical and essential facilities was hampered or eliminated as a result of storm-induced

iv SUMMARY REPORT ON BUILDING PERFORMANCE
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Flood Recommendations

Based on the widespread devadation of buildings
resulting primarily from floodwater and waves that
exceede first floor elevations, it is strongly recom-
mendel that buildings be constructed in anticipa-
tion of flood levels that exceel the currert BFE. A
few of the main recommendtionsinclude

n Adopion of moden building codes, such as the
IBC, IRC, or Nationd Fire Protecton Association
(NFPA) 5000 are recommended These codes
incdlude up-to-date design and construction pro-
visions tha are corsigent with the Nationd
Flood Insuran@ Progran (NFIP). The IBC ard
NFPA 5000 incorpora¢ flood load (ASCE 7-05)
and floodresigant corstruction (ASCE 24-05)
standard. The 2003 IRC currenty does nat ref-
erene exgicitly ASCE 7 and ASCE 24 for flood
loacs and floodresigant corstruction. Thus, it
is recommende tha communties contaning
land within the estimated 100-yea flooddain
shown on the Katrina Flood Recovery Maps use
ASCE 7-05 for flood load cdculations and ASCE
24-05 for floodresigant one ard two-family res-
idenial corstruction purpcses. Adopion of any
modé code or standad shoud keep intad the
minimum criteria estaldished by the parert or
expet documem such as ASCE 7 or ASCE 24.

n UseRecommendeResidentialConstuctionfor the
GulfCoast:BuildingonStrongandSafeFoundations
(FEMA 550, publication available May 2006).

n Review the storm surge data and conduct a re-
vised tidefrequermy andysis. Usemoden storm
surge modds to estimate the BFEs throughout
the Katinaimpact area

N Consider mappng Coastal A Zones onto new
Flood Insurarce Rate Maps (FIRMs). Utilize
ASCE 24-05 for design and construction of
buildings located in Coastal A Zones. As an in-
tenim step, usethe KatrinaFlood Recovery Maps
to deternmine the approximate location of the

Coastal A Zone hazard As shown on the Re-
covery Maps for Mississppi, the Coastal A Zone
will be the area betwveen the approxmate limit
of the 1.5foat Wave Zone line and the approx-
mate limit of the 3-foot Wave Zonre line

n Conside evaluaing and revising flood hazard
mappng ard levee certification procedures for
aresbehndlevees.

n For rebulding efforts, use the Katrina Flood
Recovery Maps untl the new flood mays are
releassed

Wind Recommendations

The wind impads from the storm caused widespread
damage to building ervelopes as a result of inade-
quate design, outdated codes, building age, lack of
mainterance, and/a poa construction/code en-
forcement A few of the main recommendtions
include

n Adopt the 2006 IBC ard IRC, or 2006 NFPA
500Q for all jurisdictionsin each state

n Roof coveling sygems, soffits, wall coverings
doors, windows, ard rooftop equpmern neel
addtiond attenion by designers, architects,
ard contrectors as specified in Section 4.6. Test-
ing improvemens are recommendd to asess
the peformarce of externd insulaton and fin-
ishsygems(EIFS), vinyl siding, and soffits.

Critical and Essential Facility
Recommendations

A few of the man recommendabns related to im-
proving the performarce of critical and essnial fa
cilitiesinclude

n Locaeall new critical and esenial facilitiesthat
must remain opeitional during an evern above

HURRICANE KATRINA 2005
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the 500-yea flood elevation and on sites tha will
not be isolated by floodwatess.

Develop emegercy operaion plars tha allow
building occupans and operatons of existing fa-
cilities located within the SFHA to be relocated
to sites outside of SFHAS before the onset of the
storm. If personnd are relocated away from the
facility, relocate equpmert as well.

Evaluake flood and wind resigance of existing

facilities; where inadequeies are found either
retrdfit or build a new facility.

Design to standards that exceel cur-rent
code, conduwct peea reviews when desigiing
new facilities or retrofitting exiging facilities,
and implement specid inspedions during
construction.




Lk

 HURRICANE

The purpose of thisreport isto summaize the obse vations, conclusions,
and recannendations that were developed from FEMAG Mitigation
Assessent Team pog-disaster building performarceassessents
following Hurricane Katrina. The conclusions and recannendations of
the Mitigation Assessent Team will assst local communites businesses
and individuals in recanstructing and will help reduce the impact from

future hurricanes

1.1 Introduction

On August 29, 2005 Hurricane Katrina struck the
shordines of Alabama, Louisiana, and Mississppi,
and began a path of destruction that would result in
the most financially devagating and one of the dead-
liest natural disagers in the history of the United
States. In the weeks foll owing the hurricane, a Miti-
gaion Asssgnert Team (MAT) wasdefdoyed by the
Feded Ememgency Managemern Agercy (FEMA) to
these states to as®ss the peaformance of buildings
in areas affected by the hurricane (see Figure 1-1).
Based on the observed damage, the MAT also evalu-
ated the adequacy of currert building codes, manu-
fadurers construction requremens, Nationa Flood
Insurance Program (NFIP) standards, flood zones,
and building pradices and materals in the affected
regions.

The MAT included FEMA Headquerters and Re-
gional Office enginees and expers in flood and
wind hazad issues from the design and construc-
tion indwstry. Team membes included structural
erginees, architects, wind erginees, civil engi-
nees, coada scienists, building code experts, and
flood preservation specialists. In addition, represen-
tatives from the Interrational Code Courcil (ICC)
and wind erginees and scieniists from Texas Tech
University, Louisiana State University, and the Uni-
versity of Mississppi also participated To observe
and as®ss the damage to structures from the levee
breadch in New Orleans, the MAT for New Orleans
also included experts from the flood restoration
industry.
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SUMMARY REPORT ON BUILDING PERFORMANCE 1-1
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Figure 1-1. Locations visited by the MAT

The Mitigaion Assesgnert Tean Report Hurri-
caneKatrina in the Gulf Coast: Building Performance
Obsevations,Recommendationand TechnicalGuid-
ance(FEMA 549 2006) documens the MATGs find-
ings ard provides recommenddbns for improving
the peformarce of buldings ard redwcing the im-
pact of future hurricanes. The observations, conclu-
sions, and recommendabns contaned in the MAT
repot are summaized heren.

1.2 Background

urricane Katrina was a powerful storm that
causadl unprecalented damage in the Unit-
ed States The hurricane made landfall in
Louisiamnaand Mississppi as a powerful Category 3
hurricane but it maintained the surge levels of a
Catgory 5 storm asit hit the Gulf Coa st. Both the
characteristics of a storm and regulatay mechan-
ics, like flooddain manayemern regulatons and

1-2 SUMMARY REPORT ON BUILDING PERFORMANCE
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PURPOSE AND BACKGROUND 1

building codes, influerce the performarce of build-
ingsin astorm. The following sections desaibe the
storm event ard the regulatay framework in the ar-
eas aff ected by Hurricane Katrina

1.2.1 Storm Event Description

The North Atlantic hurricane season for 2006 began
early and was an unuwsually adive season, breaking
the previous recorded hurricane season records for
the numbe of named storms, hurricanes, Caegory
5 huriicanes, major hurricanes making U.S. landfall,
and early-season storms (see Table 1-1). On average,
abou six North Atlantic hurricanes occur every year;
by the erd of 2005 ther had been 15. The annu-
a hurricane seaon, which geneally lags from June
1 through Novembe 30, was longer than average
for the 2006 hurricane season with Tropical Storm
Zeta (the 27th named storm) persiging untl Janu-
ary 2006

Hurricare Katrina began as Tropical Depression
Twelve, which formed over the Bahama on August
23, 2005 On August 24, the storm strengtheneal ard
became known as Tropical Storm Katring the 11th
namel storm of the 2006 hurricane season. The storm
traveled northwest from the Bahama. A few hours
before making landall in Florida on August

25, Tropical Storm Katrina reached 74 miles per hou
winds and was upgraded to a Category 1 hurricane

The huriicane madeitsfirst landfall on the southeas
coag of Florida arourd 6:30 p.m. Easem Daylight
Time (EDT) with appraximately 80 mph 1-minute
sustained winds. The storm weakeneal as it pas®d
over land, becoming a tropical storm once agan as
it tracked southwest through Everglades National
Pak and exited the southen tip of Florida. Once
over thewarm waters of the Gulf of Mexico, Katrina
rapidly gained strength. By August 28, the storm had
reached Caegory 5 hurricane status with sustained
winds of 175 mph (gusts of 215 mph) and a central
minimum pressure of 902 mb.*

At 6:10 a.m Central Daylight Time (CDT) on Au-
gust 29, Hurricane Katrina made landfall for the
secondtime, near Buras Louisiana, in Plaguemines
Paish. According to the National Climatic Data
Centea (NCDC), Hurricane Katrina had 1-minute
sustained winds estimated at 127 mph upon landfall
and a minimum central presaure of 920 milli bars
(mb), making it the third lowest landfall presaure
on record for the United States and placing it as
astrong Category 3 hurricane After making land-
fall, Katrina moved northward up the Louisiana
coad, its storm surge and strong winds affecting
much of Plaguemines and St. Berrard Parishes, as

Table 1-1. 2005 Hurricane Season Records
e obba et
Number of named storms 27 21 1933
Number of hurricanes 15 12 1969
Number of Category 5 hurricanes 4 2 1960 and 1961
Major hurricanes making U.S. landfall 4 3 2004
Number of tropical storms before August 1 7 5 1997
Strongest hurricane in the Atlantic Basin 882 mb (Wilma) 888 mb (Gilbert) 1988

mb = millibars

1 central pressure measurements are from the national hurricane Center® Tropical Cyclone Report for Hurricane Katrina,

dated december 20, 2005.
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well as the commurnty of Sliddl in St. Tammary
Parish. After passihg New Orlears, Hurricare Ka-
trina moved across the open watess of Breton Sourd
and the westem edge of the Mississppi Sound ard
mack a third ard find landall along the Louisiand
Mississppi borde nea Pealington Mississppi, as
a Categaoy 3 huriicare with 120-mph, 1-minute sus
tained winds.

After traveling morethan 150 mil esinland and readh-
ing Jacken, Mississppi, Hurricane Katrina weak-
ena and lost huriicane strength, with sustained
wind speed droppng bdow 74 mph Katrina con-
tinued to move northward, affecting weather in the
centra United States, until it was absorbed by afron-
tal boundry near southeas Quebe and northen
New Brunswick, Canada, on August 31.

1.2.2 Storm Effect

Hurricane Katrina caused widespread devadation
along the Gulf Coag of the United States, with south-
ead Louisianaand the coads of Mississppi and Ala-
bama bearing the brurnt of the caagrophic damage.
Although the storm weakenead from a powerful Ca-
egory 5 storm to aCaegory 3 storm just before mak-
ing landfall in Louisiana and Mississppi, the storm
surge appears to have maintained a level assciated
with a Category 5 hurricane The surge genegeted by
the storm could nat dissipate as rapidly as the wind
speed decreased, and the shallow dept of the off-
shore shdf and shape of the shordine contributed
to the high surge elevations. Storm surge poundel
the coadline from southeag Louisiana to the Flori-
da panhand e, with the Mississppi coagline expeli-
ercing the highest storm surges on record. Some of
the highest recorded surge eevations exceede 25
fed North Ameiican Vertical Datum of 1983 (NAVD
88) along the Mississppi coag from Waveland ead
to Long Beach.

Although the eye of Hurricane Katrina did not di-
rectly hit New Orleans, catadrophic destruction
occurred throughou the southeag portion of Lou-
isiana. Asthe eye of the storm moved inland to the

What is a Hurricane?

A hurricane is a tropical cyclone with winds that
have reached a constant speed of 74 miles per
hour (mph) or more. hurricanes are categorized
according to their relative strength as measured
by wind speed and minimum central pressure. The
Saffir-Simpson Scale is the standard for cat-
egorizing hurricanes and consists of five separate
categories. The term fi marjhuwricaneois used for
hurricanes that reach maximum 1-minute sus-
tained surface winds of at least 111 mph over
open water (national hurricane Center T nhC).
Category 3, 4, and 5 hurricanes are all considered
major hurricanes.

Saffir-Simpson Hurricane Scale Wind Speeds and
Pressures

Gust Wind

Sustained

Strength | Wind Speed Speed Pressure
(mph)* (mph)** (millibars)

Category 1 74-95 89-116 >980
Category 2 96-110 117-134 965-979
Category 3 111-130 135-159 945-964
131-155 160-189 920-944

‘ >155 >189 <920

northeat of New Orlears on the morning of Au-
gust 29, winds began to blow from the north and
with surge levels alread/ high in Lake Pontchar-
train and Lake Borgne, addtiond presaure wasput
on the levee sydem tha protects New Orlears.
Based on eaty investigations by the U.S. Army
Corps of Enginees (USACE) Interagercy Perfor-
marce Evaluaion Task Force (USACE, 2006 ab),
there were three mgor levee breaches on Monda,
August 29. By August 31, at least 80 percert of the
City of New Orlears was unde floodwatess.

The estimated death toll from Hurricane Katrina ex-
ceeds1,30Qwithappraximately 1,067 of thasedeaths
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occurring in Louisiana and appraximately 230 in
Mississppi.?2 Othe deaths attributed both directly
and indirectly to Katrina were reporteal in Florida,
Alabama, Geomia, Kentwcky, and Ohio. Hurricane
Katrina ranks as the third deadliest hurricane in the
United States, surpas®d only by the Texas Hurricane
at Galveston in 190Q where at leag 6,0 liveswere
lost, and the Florida Hurricanein 1928 where 2,500
liveswerelost at Lake Okeechobee

Edimatal totd economnmic losses from Hurricare
Katrinaarein excess of $125 hilli on and insured losses
are estimated at $35 billion. As of Februay 15,
2006 the numbe of flood insurarce claims exceedel
210,000 covering Alabama  Lousi- ang
Mississppi, and Florida with over 175,0® of those
claims coming from Louisiana Prdiminay

Table 1-2. Hurricane Katrina Housing Damage Summary

estimates indicate that Hurricane Katrinaresulted in
the following:®

n 450,0®displaced pemple

n 800,0® Louisiama citizens requesting assigance
from various Federd and state relief prograns
ard agercies

n $55billionindamagetoinfradructure, includ-
ingroadsandbridges

n 300,0® to 350,0® vehcles and approimatdy
2,40 shipsardves=lsdestroyed

Tade 1-2 summaizes the housing damag from Hur-
ricare Katrina

ocatio Dwelling pe Destroyea ajo 0
363 966 345
= 1 26
1,552 1,146 1,855
263 2,241 4,811
1,815 3,388 6,692
SourCES: American red Eress{ArS)nationat-Asgectation-of-home-Buitders{RARB)10/05<wirn-Feteross-arg><wwin-Rahb-org

2 The death toll of 1,067 |s
some

Subtotal 363

0 were eIderIyAﬁgawm@ﬂy |II an i who died outsrde of new orleans after its evacuatron possrly due to stress as reported
by The Times-picayune en-1102/65<www hota-comisearehiintexssizibaseflibt Y= -8911130915487 71970 xmifnota>-

371

(January 30, 2006).
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1 PURPOSE AND BACKGROUND

1.2.3 Floodplain Management Regulations

Flooddain management regulations, along with
building codesand standards, are adoptedby com-
munitiesand enforcedto regulate construction. Un-
derthe National Flood Insurance Program, FEMA
providesfloodinsurance to communitiesthat adopt
and enforce flooddain management regulations
that meet or exceed the flooddain management
criteriaestablishedby theNFIP4

The NFIP idenifies and maps the flooddains of
paricipaing commurities on Flood Insurarce Rate
Maps (FIRMs). Areasof varying flood hazard are
idenified on FIRMs as Special Flood Hazard Areas
(SHHAS). SAHAs aredesignatedasZonesA or V on
the FIRMs (see box on page 1-7). The SFHAs are
expected to be inundatedby the flood event with a
1-percent probalility of being equded or exceeded
in any given yea. This flood is also referredto as
the base flood or 100-yearflood. SFHASs labded as
ZoneAE (aswell asA1-30, VE, andV1-30) onFIRMs
have beenstudiedby detal edhydradic andysesthat
determne base flood elevatons (BFES, which are
shown on the FIRMs. BFEs are the minimum
elevationsto which the lowest floors, as defined by
the NFIP, arerequred to be elevated®

TheSHHA zonedesignationandtheBFE arecritical

factorsin detemining what building regurements
apply to astructure.NFIP regulationsprovide mini-

mum building requrementsfor structuresbuilt in
each of the SAFHAs. When a community joins the
NFIP and adoptsits FIRM, the community is also
adopting minimum flooddain standards.

In Louisiana, many buil dings wereconstructed be
hindleveesthat wereintendedo protect themfrom
the 100-year flood. SFHA zonedesignations

for areas protected by the leveesare based on the
certification by the leveeownerthat theleveepro-
videsprotection from the base flood eventin con-
formance with 44 CFR65.101n areas proteted by
leveegthat wereimpadedby HurricaneKatrina, the
meppedBFE was-1.5to0 4.5 feetNational Geodeic
Vertical Datum (NGVD).6 However, in many of the
non-protected areas the BFE was geneally 14 feet
NGVD.

1.2.4 Building Codes and Standards

The primary model building code in the United
Statesis developedand maintained by the Interre-
tional CodeCourxil. ThelCC codesincludetheln-
ternational Building Code (IBC), the Interrational
Residental Code (IRC), the Interretional Existing
Building Code (IEBC), and a series of codesfor
mechanical, plumbing, fuelgas and on-site sewage
installations. TheNational Fire Protection Associa-
tion (NFPA) issuedthefirst edtion of ther Build-
ingConstruction and Safey Code (NFPA 5000 in July
2003 The2006 edtionhasbeemavailal e since Au-
gust 2005 AnotherecentadditionisNFPA éModd
Manufactured Home Installation Standard (NFPA 225,
2005 edtion), the first such standard to include
provisions for installation in flood hazad areas
ThelBC, IRC, and NFPA 5000 are thefirst model
codesto includecomprehersive provisionsthat ad-
dressfloodhazads. These codesare consigentwith
the minimum provisionsof the NFIP that perin to
design and construction of buil dings

Prior to HurricaneKatrina, Alabama, ouisiana,and
Mississppi had statevide building codesfor state
owned buildings only. Local jurisdictions in these
stateshave the authoity to adoptbuil ding codes for
non-stateowned buildings Many of the

4 Floodplain management criteria are established in Section 1361(c) of the national Flood Insurance Act of 1968 and 44 Code of Federal

regulations (CFr) part 60.

5 A Zone BFEs apply to the lowest floor elevation; V Zone BFEs apply to the bottom of the lowest horizontal structural member. In A Zones,
the lowest floor is to be elevated to or above the BFE; in V Zones, the bottom of the lowest horizontal structural member is to be elevated to

or above the BFE.

6 nGvd (national Geodetic Vertical datum of 1929) is the national datum used by the nFlp in this area. nGVd is based on mean sea level;

the difference between nAvd 88 and nGVd is <0.3 feet.
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communitiesin areasthat wereheavily impadedby
Hurricane Katrina had not adopted current mod-
el building codesand were erforcing various edi
tionsof the Standard Building Code (SBC) or had
no building codesat all.

In Alabama, the City of Mobhile, Mobile County, and
the City of Orange Beadh had adoptel edtions of the
IBC before Katrina. After Katrina, Dauphn Island
adoptal the IBC and recently adoptel provisions re-
quiring deepe pile embedmentMost othe affected
commurntiesstill enforcethe 1997 or 199 SBC.

Prior to Hurricane Katrina, Louisiana had taken
stepstowardimproving building codes Becausef
the devastationcausedby Hurricane Katrina, the
adoptionof a statewidebuilding code hasbeena
major priority. On November29, 2005, Governor
Blancosignedinto effectanewlaw (SB44)requr-
ing enforcementdfthe2003IBC andIRC statewide.
Emergencylood andwind provisionswererequired
tobeeffectivewithin 30daysofthenewlaw (Decem
ber29, 2005)for parishesandmunicipalitiesin the
affectedareasthat are alreadyenforcing building
codesandwithin 90days(March2,2006 for other

Description of Flood Zones

storm waves.

in Coastal A Zones.

buildings in Zones X, B, and C.

* refer to 44 CFr 61.12

V Zones. The portion of the SFhA that extends from offshore to the inland limit of a primary frontal dune along
an open coast, and any other area subject to high-velocity wave action (3 feet and higher) from storms or seis-
mic sources. The FIrMs use Zones VE and V1-30 to designate these Coastal high hazard Areas.

V1-30. Coastal areas with a 1 percent or greater chance of flooding and an additional hazard associated with

A Zones. The portion of the SFhA not mapped as a V Zone. Although FIrMs depict A Zones in both river-
ine and coastal floodplains (as Zones A, AE, A1-30, and Ao), the flood hazards and flood forces acting on
buildings in those different floodplains can be quite different. In coastal areas, A Zones are subject to wave
heights less than 3 feet and wave run-up depths less than 3 feet. Flood forces in A Zones in coastal areas
are not as severe as in V Zones, but are still capable of damaging or destroying buildings on shallow founda-
tions. For this reason, different design and construction standards are recommended (by the MAT and others)

A1-30. Areas of 100-year flood; base flood elevations and flood hazard factors are determined.
AO. Areas of 100-year shallow flooding where depths are between 1 and 3 feet.
AH. Shallow flooding SFhA. Base flood elevations in relation to nGVd are provided.

A99. An area inundated by 100-year flooding, for which no BFEs have been determined. This is an area to be
protected from the 100-year flood by a Federal flood protection system under construction.*

Zones X, B, and C. These zones identify areas outside of the SFhA. Zone B and shaded Zone X identify areas
subject to inundation by the flood that has a 0.2 percent probability of being equaled or exceeded during any
given year. This flood is often referred to as the 500-year flood. Zone C and unshaded Zone X identify areas
above the level of the 500-year flood. The nFlp has no minimum design and construction requirements for
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communities. Theemergency flood and wind miti-
gaion requrementswill remain in effect until the
Louisiana State Unif orm Construction CodeCoun-
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the ICC but, as of this report, a statewide building
code for nonstateowned buildings had not been
adopted.Since Hurricane Katrina, there have been
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2. Building Perforr

~ HURRICANE

"%ﬁ" ‘

Hurricane Katrina teged building performarce by causing subgantial
flood damage over large areas of coastal Alabama Louisiana, and
Misgssppi. Dedructive flood conditions included storm surge, wave
action, erosveforces floodborne debris, and long-duration flooding.
The flood conditions of Hurricane Katrina exceealed flood depths and
loads used in building desgn. Although less significant than flood
damaye widegread wind damage to buildings also ocaurred even
though Katrinaé wind speads were generally at or b ow the building

code desgn wind spedds.

The MAT surveyed damaged buil dings throughou
the impaded areas to documert building failures,
successes, and opporturties for improvement The
dominant causes of failure observed by the MAT in-
cluddad storm surge, waves, floodborre debiis, and
wind. Structural damage due to ercsion was also
comma on the barrier islands. Damage occurred to
residental buildings (single- and multi-family hous-
ing), commecial buildings and critical and essnial
facilities.

Flood Hazard Observations

he coastal area of Alabama Louisiang and
Mississppi were heavily impacted by high
storm surge. The surge caused severe flood
damage to structures within the impect area The
area of greatest surge impact in Louisiana were
St. Bernad Parish on the open Gulf Coast and the
paiishes surroundng Lake Pontchartran. In Missis-
sippi, the surgelevels, which weremorethan 20 fed

2.1
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above the normad tide levels, brought high waves
ard carried floodborre debis tha significanty im-
pected and destroyed buildings. The dat coll ected
after Hurricare Katrina indicate coastal storm surge
and wave-related high wate condtionsreached his-
torical proporions ard covered significarn portions
of theMississppi study area

2.1.1 Relating Observed Flood Damage to
the FIRMs

Onre of the gods of the MAT was to investigat buil d-
ing failures from coastal floodng inside and outside
the SFHASs shown on the effective FIRMs. The MAT
observed tha flood elevations in mary area exceed-
ed the 100-yea BFEs shown on FIRMs by 15 fed or
more Storm surge and wave damag@ typically associ-
ated with Coastal V Zones aso occurred in Coastal
A Zones ard in area outside SFHAs. As pait of the
rebulding effort, FEMA issued inteim Hurricane

Advisory Base Flood Elevations (ABFES)

FEMA established ABFEs after hurricane Katrina
to help expedite the rebuilding process in Lousiana
and Mississippi areas that were most severely im-
pacted by coastal flooding. The ABFEs shown on
the Katrina Flood recovery Maps are a result of
an updated analysis of storm tides in the region,
taking into consideration an additional 25+ years
of data since the previous analysis was complet-
ed. The s and maps are interim map products and
provide communities with better flood hazard in-
formation than shown on the pre-Katrina FlrMs.
Communities are not required to adopt the Katrina
Flood recovery Maps but, when the official maps
are completed, the maps must be adopted or the lo-
cal government will be suspended from the nFIp.

For additional information, refer to the Recon-
struction Guidance Using Hurricane Katrina Surge
Inundation and Advisory Base Flood Elevations in
Appendix d.

Web site for ABFEs: <www.fema.gov/hazards/
floods/recoverydata/katrina_index.shtm>

Katrina Flood Recovery Maps for Louisiarna and Mis-
sissppi tha include recommendd BFEs to provide
guidarce during the rebulding process

Alabama: Severe floodng occurred in mary area
within Mobile County, including area in the cities
of Mobile and Bayou La Batre ard the town of Dau
phin Island Marny buildings, except those on Dau-
phin Island were preFIRM ard were constructed to
much lower elevations comparel to the currert BFE
In Bayou La Batre mary of the preFIRM buildings
were destroyed Buildings constructed to the currert
flooddain reguations paformed well. In Fairhope ard
Daphne damage were limited to wata-dependert
structures (e.g, piers and boa houwses) ard old- er pre-
FIRM residerces. On the west erd of Dauphn Island
the storm surge and waves were severd fed highe
than the mappe BFEs Paost-FIRM housesfailed when
piles tha were nat sufficienly embeddd were
impected by storm surge waves, and ercsion.

Louisiana: The area of greatest surge impact in Loui-
siam were the southeat open Gulf Coast, in paricu-
lar St. Bernard LaFouche, ard Plaguenines Parishes,
ard the paiishes surroundng Lake Ponchartran. The
surge ard waves from Hurricare Katrina caused wide-
spreal destruction in these area, especialy where the
sorm surge and wave cret elevatons exceedel
mappel BFEs

In the City of New Orleans, unprecedenteé floodng
occurred when leveesthat protect the City from Lake
Pontchartrain failed The BFEs in the leveeprotect-
ed areas of the City were based on the USACE cer-
tification that the levees would provide protection
from the 100-year (base flood) event Asaresult, the
FIRMs do nat include floodng eff ects from water
bodes on the nonprotected side of the levee such
as Lake Pontchartrain; SFHAs in the leveeprotect-
ed areasreflect only floodng from precipitation that
fallson and acaumuates inside these areas

When the levees failed, water levels in the City ex-
ceede the mapped BFEsby many fed insomeareas
Floodng caused severe damage to both pre-FIRM
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and post-FIRM buildings in the leveeprotected ar-
eas with flood deptts in some neghbahoods more
than 8 fed abovethe lowest floor.

Mississippi: Along the Mississppi Gulf Coast, mary
recent buildings tha were apparery constructed in
compiarnce with the minimum requremens of the
NFIP failed due to storm surge and wave crest ee-
vations tha far exceede the mappel BFEs Wate
marks and bulding dama@g throughou the regon,
especialy in Harcock and Harrison Countes, show
tha surgdwave crest elevations along the shore were
intherange of 25 to 30 fee NAVD, while BFEsshown
on the effective FIRMs were generdly 11 to 15 fed
NGVD.”

2.1.2 Long-Duration Flood Impacts in the
New OrleansArea

The New Orlears Flood Team condicted grourd in-
spections throughot the New Orlears area includ-
ing the City of New Orlears ard Orlears Paiish, as
well as the nearly communties of Chadmete in St.
Bernad Paish and Metdrie in Jefferson Paish. The
Flood Teanm visited a totd of 23 residental buildings
ard critical facilities in the New Orlears area on Oc-
tobe 4-8, 2005 The focus of the site inspections for
the Flood Tean was to assess and evaluaie opporu-
nities for flood restoraion. Based on the prdiminay
investigation, it was determined tha contanminaion
of building materals would be a mgor issue in the
restoraion process

Characterization of Floodinginthe New Orleans Area
With the three levee failures, there was widesprea
floodng throughow the City of New Orlears ard
surroundng area, with up to 80 percert of the City
unde wate. The depth of floodng within the Great
er New Orlears area varied greaty, as did damag to
structures. Elevated area by the Mississppi River and
the high grourd along Lake Ponthartran betwveen
the 17" Stree¢ Cand ard the Industrial Cand were

7
and nGVd is <0.3 feet.

Pre-FIRM and Post-FIRM

As used in this report, a pre-FIrM building was
constructed or substantially improved on or before
december 31, 1974, or before the effective date of
the initial FIrM of a community, whichever is later.
Most pre-FIrM buildings were constructed without
taking the flood hazard into account.

A post-FIrM building was constructed or substan-
tially improved after december 31, 1974, or after
the effective date of the initial FIrM, whichever is
later. post-FIrM buildings should have been de-
signed and built in compliance with the nFIp&
minimum floodplain management standards.

eseniadly free of floodng. Althoudh there were re-
ports of flood deptts in excess of 12 feet most of the
flood deptts rangel from less than 1 foot to a deph
of 8 feet In all area affected by floodng resulting
from Hurricare Katiing propery elevaton was the
key differerce in the magritude of damage In area
of New Orlears tha were at the same grack elevation,
buildings elevated on crawlspaces generdly sustained
less flood damag@ than slab-on-grace buildings.

2.1.2.1 Characterization of Building Damage in
New Orleans

Impacts to Residential Buildings

Widespread flood damage to residental neaghbar-
hoods occurred throughou the New Orleans area
asaresult of theleveefloodwall failures. Floodwaters
remained in most New Orleans neéghbarhoods for
appraximately 2 to 3 weeks after the failures. Most
one and two-family dwellings the MAT observed
were constructed on venteal crawlgpaaes or slab-on
grade foundations with wood framed walls covered
by brick venee.

Structural Damage: In generalmostof theresiden
tial buildingsin the City of New Orleansdid not ex-
periencestructural damage,but were impacted by
high flood levels. The flooding experiencedy most

nGVd (national Geodetic Vertical datum of 1929) is the national datum used by the nFlp in this area. The difference between nAvd 88

HURRICANE KATRINA 2005

SUMMARY REPORT ON BUILDING PERFORMANCE 2-3



2 BUILDING PERFORMANCE

buildingswasslow-moving,which greatlyreducedor
eliminatedthe damagingeffects of hydrodynamic
forcesandfloodbornedebrisimpactson buildings.
Additionally, the crawlspacesfoundation vents,
and other openingsallowed hydrostaticpressures
onwalls andfloors from floodwatersto equalizeas
floodwatersslowly roseandrecededwhich greatly
reducedthe net hydrostaticforce on load-bearing
walls,floors,andotherstructuraklements.

Four excepions were observed

n The failure of the Industrial Cand and overtop
ping of coastal levees prodiced severe floodng,
which caused structurd damage to buildings in
easstem New Orlears and St. Bernad Parish.
The most severe structurd damage in these two
area was evidert in the Lower Ninth Ward of
New Orlears and Chadmete in St. Bernad Par-
ish. The Flood Tean did not perform detal ed
structurd andyses of the buildings since ther
purpcse wasto assessrestoraion opportunties.

n Residerces sited immedatdy behind failed sec-
tions of levees or othe flood contrd structures
suffered significart structurd damage, fail ure of
loadbearng walls, and excessivwe sour arourd
slab foundaions. The damayes were caused by
large hydrodynamic forces and floodborre de-
bris impacts tha were generatd by the levee
breach.

n Residerces sited on poa foundaion soils suf-
fered structurd damae, ard cracking of load
beaing walls and sagging floors due to sub-
siderce or differental setiemen of saturatel
s0il s that suppot one or more foundaton wall s
and/a piers.

n Moisture readngs taken inside various residen
tial buildings indicated tha excess moisture
remaned trappel in the walls and floors fol-
lowing the flood Continued entrapmen of
moisture within the wall and floor sygens due
to a lack of drying could induce rotting of the
structurd framing in the long term

Non-Structural Damage: Typicd flood damagsto res
idental buildings included damagd or destroyed
interor drywall, plaster, fiber insulaton, flooring, wall
finishes, carpes, furniture electrical wiring, amnd
HVAC sygens. Mold growth observed in floodel res-
iderces varied from light to extersive (refer aso to
Section 2.1.2.2)

Visual observations of intelior walls of both older
(more than 50 years old) and newer (less than 5
years old) residental buildings showed little to no
eviderce of deteroration of the expased portons of
the wall studs due to long-duration flood expaosure,
except for some water staining and slight bowing of
some sheathing boards.

Impacts to Critical Facilities

Widespreadflood damage to critical pubic facilities
occurred throughout the New Orleans area. Most
critical facilities observed by the MAT were con
structed on slab-on-grade foundatons with wood
framedor masonry walls covered by brick veneer
or stucco.

Structural Damage: Only minimalstructuraldamage
was observed in the mgority of critical facilitiesin
New Orleansas a result of floodng from Hurricane
Katrina. There were occasional instances of mod
erate to heavy structural damaye to loadbeaing
walls or columnsfrom boatsand other vehiclesthat
struck the buildings during post-storm resaue op-
eratonsor evacuatons. While most of the observed
structural damages triggered by impect from resaue
vesEls did not constitute an imminent darger of
collapse, such damagestypically requre andysis by
a structural engineerand can be expersive to stabr
lize andrepar.

Visual observationsofintetiorwallsof sel ectedcriti-
cd facilitiesindicatedlittle to no eviderce of dete
rioration of the expased portions of the structural
wall studsdueto long-duration flood exposure, ex-
cept for some water staining. Continued entrap-
mentof moisture within thewall and floor sygems
could induce rotting of the structural framing in
thelongtem.
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Non-Structural Damage: Typicd flood damageto criti-
cal facilities included damagd or destroyed intelior
drywall, plaster, fiber insulaion, metd studs, floor-
ing, wall finishes, carpes, amd equpment Mold
growth observed in floodeal critical facilities was light
to moderatedepenihg on the deph of floodng, the
type of inteior wall finishes, and the amoun of
drying that occurred after the floodwvatess receded

Severd fire statons in New Orlears suffered flood
damag to garag bay doors. Mary New Orlears hos-
pitals suffered intelior damagesuch as coll apsed drop
cellings due to a loss of emergeny power gen
eratos, which shut down HVAC sydemns used to con
trol temperatue and humidity.

2.1.2.2 Biological and Chemical Contamination of
Building Materials

The long-duration floodng caused homes and
businesses in the areas that were inunchted by
floodwaters to become contaminated with biol ogi-
cd and chemical substances, including baderia,
mold, heaw metls petrdeum hydrocarbors, and
pesticides.

Mold and contaminants can pose arisk to residens.
To determine if contaminants were presert in struc-
tures after the floodwaters receded selected buil d-
ingsin flood-impaded areas were visually inspected
and samples of materials were collected from the
buildings The samples were analyzed for a num-
ber of biologicd and chenical contaminants. Ana
lytical parameteswerechasen foll owing areview of

U.S. Environmendl Protection Agercy (EPA) data
regarding floodwater contaminants in the New Or-
leansaread

Biological Contamination

Bacterial Contamination: Environmens where build-
ing materals have been wet for more than 7 days,
or where the source of the wata was impacted by
sewage pose the most risk for potental bactenal
contamnaion. Gram Negaive Bacilli (e.g, E. coli,

Salmondla) domnated the samgde results. Samgdes
domnated by this becteria type generdly indicate
contect with sewage or anmd feces. These bacteria
often cawse stomach prodens, dehydration, internd
and skin infections, and respiratay difficulties in ex-
posed indviduds. Standad flood resporse activities,
such as pumpng or mopgang wate and agtatng the
air, can put restoraion workeis and occupans at risk,
while simultaneosly contaninaing area of the
building that were previously not affected However,
following prope protocols for persond hygiere ard
cleanng procedures for buildings shodd minimize
risk of infection.

A totd of 47 matera samges taken from nine fa-
cilities were andyzed for bacterial growth. Bacterial
contamnaion was fourd in most of the structures
and typically ranged from high to extrene (high: 1,000
T 20,0® colony-forming units per squake centi mete
[cfuW/cm?]; extreme 20,006+ cfu/cm?).

Fungal Growth (Mold): Fungd growth and contamina
tionis aseconday hedth risk following floodng; the
floodwate acts as a source of moisture, wicking into
materals by capllary action, ard stimulating fungd
growth. Substanial fungd contamnaion was
observed in all of the inspected facilities. A totd of
44 materad samges taken from nine facilities were
andyzed for fungd growth. In most cases, the fungad
types detected in the samgdes were dominated by As-
perdll ugPercillium or Chaetonium; various strains
of these fungd types are linked to hedth prodens,
primaiily skin irritaion and respiratary distress

Chemical Contamination

Heavy Metal Contamination: Forty-four materid sam-
ples were andyzed for 13 priority elemen palutans
designatel in the Clean Wate Act. The 13 elemens
(which are al heary metds) are animory, arsenc,
beryllium, cadmum, chromium, coppe, lead mer-
cury, nickel, sdenum, silver, thdlium, ard zinc. A
wide variety of heavty metd contamnaion was ob-
served in the samges collected In some of the
samges, concentratons of heary metds exceedd

8 For a detailed description of sampling and analytical methods, refer to the MAT report Hurricane Katrina in the Gulf Coast:
Building Performance Observations, Recommendations, and Technical Guidance (FEMA 549, 2006).
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Louisianats Risk Evaluation/Corrective Action Pro-
gram (RECAP adionlevelsfor soil .

High levels of heaw metls could pose a health
hazad to individuals exposed to the contaminants
during cleanup. The potental for inhalaion and in-
gestion of the metals exists particularly for the buil d-
ing owner or contrador peforming restoration.
This exposure is potentally much more serious for
children where hand-to-mout adivity isgreater and
the smaller body mass means that small amouns of
heaw met contamination can have a greater nega-
tiveimpad.

Diesel Range Organics (DROs): All 35 samplesanay/zed
for DROs had meaurabk quantities of DROs, with
concentratioa rangirg from 18,0® to 3,100,00 mi-
crograns per kilograns ( gkg) of hydrocarbos. Mary
of these samples far exceedd the RECAP ac-tion
level for DROs of 65,00 ¢ (kg The highest
concentratioa were fourd in wallpape ard dudge
samples. From a health standpoint DROs in build-ing
materias can impad individuals in two ways. First, skin
irritation commony occus with frequem contact
Second and more importanty, the orgarnics in
DROs may liberak pesticides trappel in othe building
materias.

Pesticide Contamination: Older pesticides, such as di-
chloro-dipheryl-trichloroetrane (DDT) and chlor-
dane are generlly oil-soluble organochlorine
compoundthat are not as water soluble as newer or-
ganophaphate pesticides. Historically, pesticide ap-
plications for termites geneally involved applying a
barrier of organochlorine pesticides into the soil sur-
roundng a building. Dependng on the size of the
propert, it was not unusual to apply 100 gallons or
more of theinsecticide

Meaaurable levels were fourd in 74 percent of the
35 samples analyzed for organochlorine pesticides,
despite the fad that organochlorine pesticides were
banned in the United States over 20 yearsago. Chlor-
dane was the most consigert contaminant in the
sanmples analyzed with levelsas highas 17,00 ¢ ¢

kg (along with an additional 2,1 & ¢kg of alpha
chlordane and 2,90 ¢ ¢kg of gamma chlordane
on the sane sanple). Chlordane levels in the hun-
dreds and thousands of € (kg were common many
of these levels exceedel the RECAP adion level for
chlordane of 1,6 & ¢kg.

Results indicate a relationship between the age
of the house and chlordane levels. Older houses,
more likely to be originally protected with chlor-
dane,showedhigherlevelsof chlordane,whil e new-
erhousesgenearlly had much lowerlevels. Because
themajor routeof entry for chlordaneis absorption
through the skin, thereis potental for exposure to
peope working to demolish or renovate flooded
structures.

PCBs: Pdychlorinated bipheryls (PCBs) are long
lasting chemicals often used as trarsforme oils ard
in othe indwstrial processes. Because they are car-
cinogers, expaure to PCBs has been documentel
to cause longtemrm hedth prodems. However, no
PCBs were detected in any of the 35 samges col-
lected ard andyzed

2.1.3 Structural Performance

The peformance of structural sygens was closdly
tied to the severity and variabili ty of the storm surge,
ercsion, and wave and debisimpads. Astypically is
thecas, older, low-€elevation buil dingswerethe most
likely to be flooded and more severdy damaged
Structural damage was less in areas where flood-
ing was near or bdow the design condtions. The
MAT also observed diff ererces in building damage
based on the structural sygem and foundation type
empoyed

2.1.3.1 Residential Buildings

Single-family and othe light-frame buildings are
geneanlly incgpabl e of resising coagal flood loads
and, are therdore, designed to avoid those flood
loads through elevation above the design flood

2-6 SUMMARY REPORT ON BUILDING PERFORMANCE

HURRICANE KATRINA 2005



BUILDING PERFORMANCE 2

level (including wave effects) and by limiting flood
loadsto the building foundaton. In coastal ares,
foundatons must be designed to resig wave forc-
es, wave-induced ercsion and localized soour, and
floodbornedebis, all of which can threatenthe sta-
bility of thefoundaton (andtherdore the build- ing).
Thus, foundaion type can make a significant
diff ererce in the ahility of a structure to resist a va-
riety of flood condtions and flood loads. Where
Katrinats storm surge level exceededhe lowest floor
level and where waves were present, virtudly all of
the buildings were destroyed or heavily dam aged,
regardess of foundaion type. However, some
foundaton types exhibited clear advantages during
Katrina, such as those buildings constructed with
foundatons that are integral to the structural buil d-
ing frame.

Low-rise, multi-family, residental buildings were
constructed on the same types of foundaions used
for single-family howses. Performarce of these
buil dings during floodng wasalso similar to single-
family houses. Katrinads high surge levels compete
ly destroyed apartmentuil dings constructed onslab
foundatons.

Pile Foundations: Deeppil efoundatonsaregeneral
ly the most effective choice on bariier islandsand
openbayshordineswherewaves, high velocity flow,
and storm-induced ercsion and scour are anficipat
ed, as long as the top of the pile foundaion is at
or above the wave elevation. WhereKatrinats storm
surge and waves exceededthe first floor elevations
of pile-supportedbuildings, building destruction or
significant building damage usudly occurred.

WhereKatrinals storm surge and waves were be ow
the buildingé first floor elevation, pile foundatons
consigenty supporteda wide-range of smadl buil d-
ing designs. Slendercrosssection piles minimizethe
wave force transferredto the elevated build-ing up
to the point wherethe wave height reachesthe floor
beamsand joists. The maost commonry ob- served
piles were wooden, but piles made of con- crete
and other materals were also observed.

To peform successiully, piles must be adequately
embeddedWhete pileswere nat adequately embel-
ded pile foundation failure occurred and resulted in
destroyed or missing houses or racked pil esand lean-
ing buil dings (see Figures 2-1 and 2-2).

el

i
]

Figure 2-1.

Successful example of well-elevated and embedded pile
foundation following Katrina. Note adjacent building failures
where foundations were not high enough or where pile
embedmentwas insufficient (Dauphinlsland, Alabama).
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\

Figure 2-2.
House that nearly failed due to insufficient pile embedment
(Dauphin Island, Alabama)
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Erosion compoundd the stress from the surge and
caused pile founditions that were nat adequately
embeddd to fail even when the surge did not ex-
ced thefirst floor elevation. On Dauphin Island, Al -
abama, more pil e-supportel houses were destroyed
by Katrina (108) than by Hurricane Ivan (17). Two-
thirds of the 150 houses on the far west side of the
island were totally destroyed and many of the re-
maining housesweresignificantly damaged Many of
these homes were not flooded to the first floor level.
Thefailure of the pil e sygems was likely due to ero-
sion and loss of foundation suppot from successive
storms (Hurricanes Ivan, Dennis, and Katring) that
made the buil dings more suscepibleto pil e failure

Foundations Integral with Structural Frames: Residentid
buildings tha survived Katiinas worst storm surge
and wave condtions typically had heavier-thannor-
ma open foundatons tha were patt of the structur-
a frame with the frame extendng above the lowest
floor and in some cases, to the roof. Exampges of
othe surviving buildings tha had foundatons that
are integra to the structurd frames include sted frame
buildings in Mississppi tha survived storm surge
and wave action above thefirst floor level, wood frame
buildings adong Mississppi Jourdax River, ard
houses with reinforced concrete framesand walls in
Long Beah, Mississppi. These houwses, thoudh
hearily damagedsurvived next to destroyed houses
on slab foundaions or houses on €evated piers or
piles tha had first floor elevations bdow the wave
elevation.

Masonry Pier Foundations: Masonry pierswerethe
most commonfoundaton type used to elevate smal
buildings above grade in Louisiana and Mississp-
pi. When propety designed and constructed, these
piers were effective foundatons as long as storm
surge andwavesremanedbdow the floor beamand
floor sysgem componend, and as long as ero- sion
did not undernine the shalow foundatons. Aswith
pile foundaions, when Katrinaés storm surge and
even smdl waves exceededthe pier height and
impected the elevated building, damaye was severe
(seeFigure 2-3). Losesof houseselevatedon piers

9 to 12 feetabove grade were widespread aaoss
coadal Louisianaand Mississppi hear the Gulf and
aroundlargerbays

Figure 2-3.
Typical building failures when surge and waves exceeded
pier foundation height (Long Beach, Mississippi)

Information provided by locd contradors and de-
signeis suggested that some of the manry pier and
concreteslabfounditionsobserved by theMAT could
have incorporated grade beams with reinforced con-
crete maonry unit (CMU) columrs. Grade beams
and discrete columns (with or withou slabs at grade)
provide agood foundition option for areaswhetrelit-
tle scour and erasion are anticipated during a design
flood The addition of grade beams to a pier foun-
dation provides increased resigance to lateral loads
and overturring momens.

Comma pier failuresobserved by the MAT weredue
to acomhnation of factors such as insufficiert rein-
forcemert (size or numbe or placemen of bars) or
inadequate splicing, shallow footings, or poa con-
nections between the pier and the footing. Failures
usually took theform of pier breakage or pier separa
tion from the footing (see Figure 2-4).

The MAT also observed instanceswhere lateral flood
and wind forces ading on the buil ding caused failure
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in the connections between thiers and the build
ing beforethe foundationitself failed. Pier perfor-

mancewas bestin flood conditionswhereerosion
wasminimalandwavesweresmall.Howeve, when
the flood elevationexceededhe floor elevation,
buoyantforcesactedon the buildingsand,in con

junction with lack of adequateauplift anchoringin

floor framing,causedsomebuildingsto float off of
their pier foundations.

For example, 19 of 32 newhousesn a PassChris
tian subdivision (approximatelyl mile from the
Gulf shoreline)floatedoff of their pier foundations
dueto flood heightsof approximately8 feetabove
the BFE and poor connectionsetweenthe build-
ing andthe floor beamsor the floor beamsandthe
piers(seeFigure 2-5). Buildings that remainedat-
tachedwerefloodedto approximately8 feetabove
thefloor elevationsputreceivedminimalstructural
damageandappearedepairable.

Figure 2-4.
Pier connection failure (Belle Fontaine Point, Jackson
County, Mississippi)

Foundation and Structural Frame Success

In an example of timber pole-type construction, the wave heights exceeded the elevated floor level by about 4
feet, lateral waves destroyed walls, and wave uplift damaged floors; however, the upper portion of the structure
and the roof remained connected due to the nature of the foundation and structural frame.

Storm surge and waves reached at least 4 feet
(red line) above the elevated floor (Waveland,
Mississippi).

Wave damage to floors and walls, but pole construction left a
repairable, surviving building.
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Figure 2-5.
Buildings floated off of pier foundations (Pass Christian,
Mississippi)

Slab-on-Grade Foundations: Slab-on-grace foundatiors
were very comma in coastal Louisiana and Mis
sissppi, especialy for preFIRM buildings, ard for
post-FIRM buildings where the grourd elevaton was
above the mappel BFE. Buildings constructed with
slab-on-grack designs were severdy damaged when
floodwatess and waves reached above the slab Where

Elevation Success

This house in Lacombe, Louisiana, was elevated
above the flood depths associated with Katrina
using FEMA mitigation grant funding. note the esti-
mated water line associated with hurricane Katrina
(red line).

storm surge exceedel the slab elevation by more
than abou 3 fed and where breaking wave heghts
are bdieved to have exceedd 1.5 feet wave damage
toload-bearing wallsresulted in severebuil ding dam-
ageortota loss Asanexample, inBil oxi, Mississppi,
high surge elevations and floodborre debrs impads
caused total destruction of buildings supportel on
slab-on-gradefoundations (see Figure 2-6).

Figure 2-6.

Waves, surge, and floating debris destroyed many single-
family homes on slab foundations. Note the debris from
houses that washed landward into other buildings (Biloxi,
Mississippi).

Stem Wall Foundations: Stemwallstypically useamasor+
ry wall to contan and elevate compacted fill, which,
in turn, suppors a slab The higha elevaton above
surroundng grace makes the foundaton preferable
to a slab-ongrade arnd adds a safety factor aganst
local stormwate floodng. Stem wall foundatons are
frequenty used to med the elevaton requremens
when the BFE is severd fed above grade Similar to
buildings with slab-on-grace foundatons, buildings
with stem wall foundatons expererced severe dam
age when flood levels ard wave heghts exceede the
top of the slab (see Figure 2-7). As with othe shdlow
foundatons, stem wall foundaions are suscepible to
undernining due to ercsion or localized saour.
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Figure 2-7.

Stem wall foundation survived intact, but waves and surge
above the floor destroyed the house, sweeping it off the
foundation (Waveland, Mississippi).

Manufactured Housing: Mary of the mandactured
homes tha experernced damag were separatd from
ther foundaions or the foundatons shifted
Foundaton type tendeal to affect whethe mandac-
tured homes were displaced from ther foundatons.
Manuactured homes placed on, and secured to,
poural concrete foundatons generdly remaned in-
tact (althoudh with flood dama@ from inundaton).
Homes placed on dry-stacked or unmortarel piersand
secured with hdical grourd archors were often
pushed off of ther foundaitons by floodwateis ard
destroyed

2.1.3.2 Low-Rise Commercial Buildings

A widevarietyof commercial buil dingsexpelienced
floodng and severedamage from the storm. These
buildings included downtown storefronts in the
older business districts, stand-alone food service/
resort retail businesses, motds, churches, seafood
handling/processng facilities near the harbors,
strip malls, and larger retailers. No type of com-
mercia building constructed on slab foundations
near the coadline escpeddamag whenthe storm
surgeorwaveelevationsexceededhefirst floorlev-
els(seeFigure2-8).

Figure 2-8.
Steel frame strip mall construction with exterior wave
damage (Gulfport, Mississippi)

Elevation Success

This building in Mandeville, Louisiana, was
relocated from new orleans for use as a restau-
rant. The local building inspector recommended
the elevation seen here, which protected this
building from flood damage. note the esti-
mated flood depth in relation to the first floor
(red line).
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2.1.3.3 High-Rise Buildings

TheMAT obsevedgenerallygoodstructuraperfor-
manceof high-rise buildingslocatednearthe Gulf
shorelineThebuildingsobsevedincludedcasinos/
hotels,office buildings,andcondominiumsHigh-
risefoundatiorsystemsveregenerallynotimpacted
by stormsurgeandwaveimpactsdueto theirloca-
tion on high groundandbuilding elevations As an
examplea highrise building in Gulfportvas sited
on highergroundwith a lower level office floor at
elevation20feetNGVD. Thecastin-placeconcrete
shearmwalls, alignedperpendiculato the shoreline,
allowedwavesto pasghroughthelowerlevel,only
damagingthe office and othernon-structuralwalls
onthegroundfloor. Thehigherfloors wereundam
aged(seeFigure2-9).

Some of the high-rise casho hotds and condc
miniums close to the shordine expelienced some
of the worst storm surge deptts and wave heghts.
The foundhtion stabili ty of the large buil dings was
not affected most were cag-in-place, reinforced
concrete Although sited near the shordine and
expeliencing the worst flood condtions, the high-
riseswere some of the bette exampl es of successes.
However, some of the high-rise casho hotds were
damaged when adjacent casino bargeswere pushed
into them by storm surge (see Figure 2-10).
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Figure 2-9.

High-rise buildings along Beach Boulevard received non-
structural flood damage to the lower floor, and no apparent
flood or wind damage to higher residential floors (Gulfport,
Mississippi)

Historic Building Success

This 100-year-old building on the national
register of historic places sustained minimal
flood damage due to elevation on taller piers
(an architectural choice, not a requirement
when the building was constructed in 1905).
note the estimated flood depth in relation to
the first floor (red line) (Mandeville, Louisiana).
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Figure 2-10.
Parking deck collapse due to impact by casino barge, on
left (Biloxi, Mississippi)

Regulatory Standard Success

Following hurricane Georges in 1998, the City of pascagoula, Mississippi, established an elevation stan-
dard higher than the BFEs stated on the community& FIrMs. In some cases, this represented up to a 5-foot
increase above mapped BFEs. As a result, buildings impacted by hurricane Katrina that were built to this stan-
dard suffered less flood damage than older housing built to lower elevation requirements. According to the
effective FIrM at the time of hurricane Katrina, the building is located in Zone V with a BFE of 12 feet.

This photo was taken pre-Katrina ¢.1999/2000. This photo was taken post-Katrina, illustrating
Note the fBuild Safe!dsign in front yard (circle), the survival of this elevated building.
(Pascagoula, Mississippi).
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Wind Retrofit Success

ocean Springs Middle School in ocean Springs,
Mississippi, was awarded FEMA mitigation grant
funding in September 1998 for the installation of
roll-down storm shutters on all exterior classroom
windows to protect students and faculty in the event
hurricane-force winds should affect the area. The
school was used as a shelter during hurricane
Katrina for as many as 400 people. Following
hurricane Katrina, the MAT observed only minimal
damage to the facility. In addition to the use of the
storm shutters, other windows on the building were
observed to have polycarbonate glazing.

2.2 Wind Hazard Observations

coording to the Nationd Weathe Service

(NWS) Decembe 20, 2005 report Hurricane

Katrina mace landal in Buras, Louisiang
with an estimated 1-minute sustained wind spedal
of 110 knots (127 mph) or appraimatdy 150 mph
3-second gust. After landall in Louisiang Katrina
traveled ailmost 100 mil es acrossthe Louisiana Delta
before reaching the Mississppi coast where it macke
athird landall (onein Florida and two in the Gulf)
nea Poplarvill e, Mississppi. The Nationd Weathe
Service(NWS) estimated 1-minute sustained surface
winds of 105 knots (120 mph) or apprximatdy 145
mph 3-second gust.

The estimates were higher than any recorded by
land-based instrumens. The highest land-based
wind spea recorded was 117 mph (3-second gust)
from a Texas Tech University tower locaed at the
Stenris Interretional Airport, appraximately 8 miles
west-northwest of Bay St. Louis, Mississppi. However,
likemany previousstormsthe MAT hasinvestigated,
groundbased anemometes either failed before they
recorded maximum winds or were locaed great dis-

tances from the storm& path. As a result, no wind
speal instrumens likely recorded the maximum
windsprodwced by Katrina.

To hdp fill in the gaps that exist in groundbased
wind data, wind speed are estimated using a variety
of method. One of the bette known products for
represening hurricane winds is H*Wind from the
National Ocean ic and Atmospheiic Administration
(NOAA) Hurricane Research Division (HRD).

H*Wind is an expeliimentd reseacch prodwt de
velopal by the HRD. H*Wind emgoys estimates of
surface level winds obtaned from avariety of sourc-
es ard yields nea red-time andyses of the surface
winds produwced by tropical cyclones. Based on past
expelience of compaing modded estimates with
actud recorded wind speed, H*Wind provides
ressonally accurake estimates of maximum wind
speed over large area impeacted by a storm. Con-
tours of 1-minute sustained wind speed from Ka-
trina were developad utilizing the H*Wind modd
by HRD.
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FEMA 6 wind modéd used in HAZUS-MH (Hazards
U.S. - Multi-Hazard) is also used to egtimate wind
speed. HAZUS was developal as a loss estimation
mode]| but produce reasonabk estimates of maxi mum
spea and the laterd digtribution of wind. Wind swath
contou plots based on HAZUS-MH methal- ology were
modela by Applied Researd Associates (ARA) (see
Figure 2-11). ARA 6 modd uses a series of surface
level observatiors of wind speed ard pres- sures
obtainel from portabk towers, from buoys, and from
Automatel Surface Observing Sydens (ASOS) statiors
to obtan estimates of the time variation in the

storm’s radius to maximum winds and the Holland
B paramete (a function of the shape of the storm).
Measured wind speed are adjusted to i tandard con-
ditionso (that is 10 mete instrumert height in open
terrain) using either estimates of the surroundng
roughness from aerial photayraphy or from esti-
mates of the turbuence intersity whete full digital
timeseriesareavailable. Thevariation of the Holland
paramete B is used with NHC position and centia
presaure estimates and pre-computel solutions of a
numeica hurricane modé to develop estimates of
wind speed as afunction of timeand location.
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Inthe case of Hurricane Katrina, therewasvery little
wind spea and presaure datainland and, as aresult,
estimates of wind speed farther inland have greater
uncertainty than those near the coas. Comparisons
to anemomete data suggest the modé has an un-
certainty (estimated using the standard deviation of
the observed minus modded winds speed) of about
6 percent indicating that in most cases the mod
eled wind shoud be acairate to about 10 percert or
bette.

With Katrina, wind speed geneeted by the HAZU S
modd and those estimated utilizing the H*Wind
results compare favorably to eadh othea. Also, both
method suggest that, except for a few areas along
the Mississppi coad, Katrina's winds failed to reach
thedesignwind speedspecifiedby ASCE 7 (thewind
standard refererced by the latest buil ding codes).

The modded wind speed also generlly corrdate
withdamagesobservedby theM AT, particularly when
the modé results are adjusted for expasure (HAZU S
and H*Wi nd depct wind speedin Expasure C (open
terrain) areas most of the MAT observationswerein
the more protected Exposure B areag. Excepions
to this gened corrdation occurred in some areas
ead of Gulfport and north of Picayune In those ar-
eas HAZU S predcted highe wind speed than what
the observed groundbased damages would appear
to support For example, HAZUS predcted wind
speedsin Biloxi only 5 mph lessthan Bay St. Louis,
but the observed wind damages in Biloxi were sig-
nificantly lessthan thosein Bay St. Louis. Also, HA-
ZUS predcted 115 mph Exposure C wind speedin
Poplarvill e, but the damages observed in that area
were more typical of lower wind speed. The appar-
en lack of corrdation betveen groundbased dam-
age observations and the compute modeds in these
areas may result from terrain eff ects, from construc-
tion variations, or from the uncertainty of the com-
pute modeds.

Much of the wind-based dama@ from Hurricare Ka-
trina occurred in area where the wind speed were
well bedow the design levels specified in the latest

codes. In discussing wind damagg, it isimporant to
diff erentate between structural damage and buil ding
envelope damage. Many buildings expeiienced little
or no structural damage, but may be total losses due
to water enty that resulted from building ervelope
failure It is also important to diff erentate betveen
the design wind speed and thdr resulting design
presaures specified by the latest code and the design
wind speed/presaires specified by the older codes
that were in effect when many of the buildings the
MAT investigated were constructed In many areas
the design wind presaures specified in currert codes
are higher than thase specified in older codes.

2.2.1 Structural Performance

Comman types of structura damage included roof
decking blow-off; gable erd wall failures; collapse of
unranforced load-bearing masnry walls; and pudin
and momen frame failure of olde (pre-1980 pre-
ergineerel metd buildings (PEMBS. Damages were
observed on all typesof buildings with older residen-
tial and commecial buildings geneally affected the
worst. Some of the key observations abou the struc-
tural performance of variousbuil ding typesfoll ow.

2.2.1.1 Wood Frame Buildings

Most of the wood frame buildings observed by
the MAT were residental buildings (both single-
family homes and low-rise apartmert buildings),
but some commercial buildings were also wood
frame structures. The predaominant structural
damage to these types of buildings was failure of
wall and roof elements. Failures were observed
in both new and old construction. Insufficient
attachment of roof sheathing pands to the sup-
porting framing was the most common problem.
Once the sheathing attachments fail, a variety
of othe failure modes can occur. Attics that have
been breadched become presaurized and othe
structural elements may then become over-
stressed This can lead to an fiunzippingo eff ect
or progressive failurewhere one failureleadsto a
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series of subsequen failures. Wood frame com-
mercial buildings failed similady to wood frame
residenial buildings. Figures 2-12 and 2-13 are
examgdes of wind-related failure in residenial and
commecia buildings

Figure 2-12.

Failure of the gable end wall of this apartment building
led to pressurization of the attic and the release of sheets
of plywood sheathing. Note the plywood roof sheathing
flinzippedoby wind pressures (arrows), (Ocean Springs,
Mississippi).

Figure 2-13.

Failure in a wood frame commercial building. Trusses lost
roof sheathing, allowing trusses to tip over (Ocean Springs,
Mississippi).

2.2.1.2 Manufactured Housing

While most of the damage to manufactured hous-
ing was from floodng, wind damage was noted in
both older and newer manufactured homes. The
styles of manufactured home installations impaded
performance during Hurricane Katrina. When prop-
ey anchored manufactured home damage unde
wind loads was less significant. Unanchored or im-
propety anchored homes or homes with damaged
anchorswere proreto wind-related damage (see Fig-
ure2-14).

Figure 2-14.
Manufactured home rolled over by Hurricane Katrina®
winds (Chalmette, Louisiana)

2.2.1.3 Reinforced Concrete and Heavy Steel
Buildings

In generd reinforced concrete and heavy sted build-
ings observed by the MAT performed well structur-
aly (see Figure 2-15). While the MAT noted little
structurd damag@ to mast buildings constructed with
reinforced concrete frames, extersive damag to
unranforced masonry buildings was observed

HURRICANE KATRINA 2005
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Figure 2-15.

Reinforced concrete/steel frame building that performed
well structurally, but did have some building envelope
damage androofmounted HVAC equipmentdamage
(Gulfport, Mississippi)

2.2.1.4 Pre-Engineered Metal Buildings

PEMBs are normally used for purpases such asware-
houwses, storage facilities, airplane hangars, and othe
similar openinteiior uses. Secondary structura mem
bers, considing of girts and puiins, are installed to
suppot the metd siding and rocfing pands. Most
failures either involved connections between the
met roof pands and ther supportng putins, or be-
tweean the puidins and the sted momen frames (see
Figure 2-16). Connection failures between the base of
the momen frames and supporing footings were ob-
served, but were much less comman than connection
failures highe up in the structure Severd low-rise
commecia buildings that sustained significant wind
damage were older (geneanlly constructed before
1980 PEMBs. While mary older PEMBs were heavily
damaged newer ones performed much bette.

2.2.2 Building Envelope

A significant amoun of wind-related building enve-
lope damag@ was observed in Katiinaimpacted areas,
much of the dama@ occurred wher wind speed
were bdow currert building design levels. Roof cov-

Figure 2-16.
Pre-engineered metal building failure (Gulfport,
Mississippi)

enngs in particular, peformed pooily. Only limited
use of glazing protection was observed and, conse-
quenty, there was als0 significant damage to buil d-
ing glazing. Damage to buil ding glazing may lead to
interral presaurization, resulting in significant struc-
tural failures. A significant factor in poa building
envelope performance is the secondary damage that
can be caused from buil ding envel opefailures. When
breached envelopes remain open for several weeks,
even small breaches can allow a significant amourt
of water to leak into buildings damage buil ding con-
tents, and allow mald to develop. Anothe second
ary result of envelope failure is windborre debis.
Blow-off of buil ding envelope componers and roof-
top equpmert frequenty results in damage to ad-
jacert buildings and vehicles. Comman windborre
building envelope debiis during Hurricane Katrina
included roof coverings (particularly aggegae sur-
facings and agphalt shingles) and vinyl siding. For
example, many high-rise buildings in Louisiana and
Mississppi suff ered substantial glazing damagefrom
windborre roof aggegae.

Some of the key buil ding envelope wind damage ob-
servationsare highlighted bd ow.
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2.2.2.1 Roof Coverings

Damage to roof coverings can cause major build-
ing performance prodems during huriicanes. Rain-
water enterng a building through damaged roofs
causes significant damage to the building contens
and interor. Throughou the areas observed by the
MAT, many of the residental buildings had agohalt
shingle roof coverings The vad majority of the ob-
served roofs expelienced damage, ranging from loss
of afew hip trim shingles or tabs to loss of alarge
numbe of shingles and undetaymert (see Figure 2-
17). Failures of hip/ridge trim shingles and failures
along the eaves and rakes were common

Figure 2-17.
Extensive loss of roof covering and underlayment (Slidell,
Mississippi)

2.2.2.2 Wall Coverings

Though there were some observed failures of brick
venees, themast commawall covering damagewas
to exterior insulation and finish sygens (EIFS) and
vinyl siding. A largenumbe of EIFSfailureswereob-
served onlow-riseand high-risebuil dings (see Figure
2-18). In addition to puncture by windborre debis,
comman planes of failure of EIFSas€mbHiesinclud-
ed separation of the synthetc stucco from theinsula-
tion, detadhmert of the insulation from the gypsum

board, detachmer of the gypsum board from the
studs, and failure of the studs.

Figure 2-18.

Multi-story building showing severe EIFS damage. In some
areas, the gypsum board on the interior side of the studs
was also blown away (Biloxi, Mississippi).

Performanceof vinyl siding and soffitswasextremey
poa. Ther were numeros significant failures on
both new and old buil dings throughou the areas ob-
served by the MAT. Whenvinyl siding wasblown off,
the undetaymert (either aghalt-saurated felt or
housewrap) was als often blown away. With |oss of
the siding and undefayment wind-driven rainwater
was then able to ente the wall cavity, causing water
damage and initiating mold growth. High presaures
unde overhangs and building soffits often lead to
progressivestructural failures (see Figure2-19).

2.2.2.3 Glazing

WhentheMAT observedbrokenglazing, oftenonly
oneor afew of abuilding's windows werebroken.
This type of isolated damage occurredwhenthere
was a limited amount of natural or manmade de-
bris (such as tree limbs or building componens)
flying in the vicinity of the building. In otherin-
stanceswhenthe MAT observed broken glazing, a
large numberof abuil ding'swindows werebroken.
In theseinstances, thebuil dingwas pummeledwith
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vinyl siding, asphdt shingles, or aggregate from
roafs. Unprotected glazing locateddown-wind of an
aggregate surfacedroof is very susceptble to break
age dueto aggregate blow-off.

Atahospital in Gulf port, appraximately 400 windows
and spandrd pandswere broken by aggegate blown
fromthehospital'sownroofs(seeFigure2-20). A few
buildings in downtown New Orleans had extersive
glazing damagethat wasindicative of damage caused
by windborreroof aggegéae.

Figure 2-19.

Loss of vinyl siding and foam insulation at a gable end wall.
Note the missing vinyl soffit (red arrow). Not visible was the
loss of roof sheathing caused by progressive failure that was
initiated by soffit loss (Long Beach, Mississippi).

2.2.2.4 Rooftop Equipment

The MAT observed many damages to mechanical
and electrical devices mountel on the exterior of
buildings Lost equpmert includad fan units and
HVAC units, electrical and commurnications equp-
ment and lightning protection sygens. Ther are
severa eff ectsduetoloss of thisequpment In many
instances, the displaced equpmert left large open-
ings through the roof and/a purctured the roof
membene Equipmern loss often affected the op-
erational functions of the facilities. Blown-off equp-
mert became high-momentun windborre debiis in
some cass. The equpmert observed on critical and
esenial facilitieswas not anchored more eff ectively
than the equpmen on comma commecia build-
ings (seeFigure2-21).

Figure 2-21.

The equipment on this new Federal courthouse blew away
because it was resting on vibration isolators that provided
lateral resistance, but no uplift resistance. Two large
openings through the roof were left after the ductwork
blew away (temporary covers had been placed over the
openings).

Figure 2-20.

The black panels are painted plywood installed after
spandrel panels at the Memorial Hospital were damaged
by windborne roof aggregate (Gulfport, Mississippi).
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3

~ HURRICANE

Facilities Observations

Throughout the Gulf Coast, the poor performarce of critical and essatial
faciliti es during and after Katrina was widegread. Faciliti es such as
hurricane evacuation shelters police and fire stations, hositals, and
Emergency Operations Centers (EOC9) were severely damaged and mary
werecompletelydesroyeal. Somefaciliti esexperiencedlossof function
when critical support equipment such as vehicles and communcation
equipment was damayed or degroyed. While mog of the damayeto

criti cal faciliti es was caused by storm surge, high winds also damayed

mary other faciliti es

Most critical and esenial facilities did not peform
ary bette than thear commecia-use counterpars in
area impected by wind, storm surge and waves. Fa-
cilities that sustained damag from floodng had not
been designed to withstard the level of floodng tha
occurred When flood levels exceedel BFEs or the
first floor elevations of critical and esenial facilities,
the buildings were heavily damage or destroyed

The mgority of wind damage to buildings was to
envelope sygems and older facilities, although afew
structurd and new building falures did occur.
Except for occasiond shutteing of glazed open
ings, most of the investigated buildings did nat ap-
pea to have been designed and constructed with
wind-resigant enhamemens to the building en
velope ard rooftop equpmen (see Figures 2-20
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and 2-21). Observations abou the performance of
critical and ess=nial facilitiessubjected to long-du-
ration floodng in the New Orleans area are pre-

sental in Section 2.1.2.1 Figures 3-1 through 3-6
provide additional examples of the performance of
critical facilities.

Figure 3-1.

The EOC is located near the center of the first floor of the
First Judicial District Courthouse in Gulfport. The windows
and glazed doors were retrofitted with roll-down shultters,
but communications tower damage and vehicle damage
from roof aggregate still occurred (Gulfport, Mississippi).

Figure 3-3.
Police department destroyed by storm surge
(Pass Christian, Mississippi)

Figure 3-2.

Newly constructed Gulfport Fire Station 7
destroyed by waves and storm surge (Gulfport,
Mississippi)
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Figure 3-4.
General view of the Buras Volunteer Fire Department
(Buras, Louisiana)

Figure 3-5.

Generalview of Garden Park Medical Center. EIFSrepairs
were underway at the time the photograph was taken. The
entire fourth floor nursing unit was taken off-line for about
1 month due to water leaks caused by roof membrane
blow-off (Gulfport, Mississippi).

Figure 3-6. e
Storm surge damage to the St. Bernard Parish Coastal TR -
Government Complex (Delacroix, Louisiana)
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4. Conclusions a
Recommendations

TheconclusionsandrecommadationspreseitedintheMAT repat,
Hurricane Katrina in the Gulf Coast: Building Performance
Observations, Recommaeandatons, and Technica Guidance
(FEMA549 2006) arebaseal onthe MATG obse vationsintheareas
studied; evaluations of relevant codes standads, and regulations; and
medings with state and local officials, business and trade assoqations,
contractors, and other intereded parties

4.1 _Flood Hazard Conclusions Two circumstances ac®urt for the fact that the high
As discussed previously, flood levels from Hurri-  floodlevelsexceede theBFEs

care Katrina throughou parts of the Alabama

Louisiang and Mississppi coasts were often much 1) The region& storm history, which served as the

higher than the FEMA-mappel BFEs Flood ard basisfor the eff ective BFES was prepare in the
wave effects extendel well beyond the SFHAS in eaty 1980s Since tha time numeros storms
maost commurities investigated As aresult, a signif- in addtion to Katrina have impacted the area
icant numbe of buildings inside and outside of the Consideraton of the more recen storms can be
SHHA, were destroyed or heavily damaed expectedtosignificanty incressethe BFEs
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2) BFEsintheleveeprotected areas of New Orleans
were based on the assimpion that the levees
and floodwalls would protect the surroundel
buil dings When developing BFES currert NFIP
standards requre that a levee be certified that it
has been adequately designed and constructed to
provide protection aganst the base flood Since
the levees protecting New Orleans are USACE
certfied the BFEsfor thelevee protected areas of
the City (whicharecurrenty mappeaedwithBFEsof
-15to45feda NGVD) only reflect floodng from
precipitation that falls on and acaumuates inside
these areas the BFEs do nat include floodng ef-
fects from waterbodes on the non-protected side
of the levee such as Lake Ponftchartrain. When
levees and flood walls were overtoppel or failed
in Katrina®s storm surge, deg water floodng was
widespread behind thelevees.

Additional damage was attributed to ercsion and
floodborre debis, and on Dauphn Island, Ala-
bama, ercsion and swur were severe The ercsion
undernined shallow foundations and pil es with shal -
low embedmentMany areas had bean weakenead by
prior coada storms, which made the areas susaep-
tible to Hurricane Katrina. The methoddogy used
to develop the FIRMs takes into acmurt the ero
sion that would lik ely occur during asingle 100-year
event Long-temrm erasion and the eff ects of multiple
storms that alter the shordine position or dunes are
not considerel in the flood maps.

Along the developed shordines of Louisiana and
Mississppi, ercsion and socour were occasonally a
localized prodem but, consideling the severity of
the storm surgeand wave heights, were surprisingly
mild. In those areas the heght and rapid rise of
the storm surge, and the relatively flat slope of the
land appeared to be the factors that likely mode-
ated the ercsion.

Floodborre debis and wave damage charadertistic of
V Zone damage waswidespread in A and X Zonesin
Mississppi. The unprecedente debiis and resultant
debrs field of Hurricane Katrina included shipping
containers, lumbe, and bulk paper, aswell as casho

barges that broke from thar mooiings and severdy
impaded severa buildings Most of the floating de-
brisfield was produced as the storm surge and waves
moved inland and progressively destroyed buildings
increashgthespeal and severity of damage. However,
the debis field eventually reached sufficiert propa-
tions in the mast heavily damaged areas to function
as a floating breakweter, damping the wave heights
farther landward, and served to protect the landward
areasfrom even more severewavedamage.

4.1.1 Lowest Floor Elevations

Many of the damaged buil dingswere pre-FIRM con-
struction and built on slab foundations that do not
sdisfy currert NFIPrequremens. Structures next to
each othe in impaded neghbahoods had varied
elevations and buil dings that were constructed to the
BFE or bdow (for the preFIRM buildings) experi
ernced greater impads from flood levels, damaging
waves, and floodborre debis compared to structures
situated well abovetheBFE.

4.1.2 Foundations and Structures

Structurd failurewas caused by severehigh surgeele-
vations, and waveand debisimpads. In areassubject-
ed to coada eraosion and smur, shallow foundition
damage was extersive and the structural failureswere
dramatic. Overall, since soour and erosion was nat a
major factor inmost areas of L ouisianaand Mississp-
pi, newer ssemwall and pil e foundations performed
well; however, oncetheflood levelsand wave heights
exceedd the lowest floor, severe building damage
resulted The only buildings that survived the evert
were those with high first floor elevations that were
constructed with a well-embeddd dee pile foundx
tion structurally connected to the building frame or
with dee pil es that extendeal from the grourd to the
roof, or fully -engineer& mid- and high- risebuil dings
elevated on pil e, column, or shear wall founditions.

Currert NFIP regulations requre elevation of V
Zone buildings on pilings and columrs (i.e., open
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foundations, which allow water and waves to pass
beneth the elevated building). However, the NFIP
has allowed some V Zone buildings particularly
mid- and high-rise buildings to be constructed us-
ing some solid foundition walls beneth the BFE.
Thesewalls, called shear walls, arenecessay totrans
fer large latera loads (e.g., wind and seismic loads)
from the uppe stories into the ground Use of prop-
eny constructed, shoreperpendtular shear walls in
these large V Zonre buildings has nat beean observed
by the MAT to lead to bulding damage or failure
during coaga flood events. Some one and two-fam-
ily residental buildings require elevation above the
grourd in excess of one story. For these residental
buildings the technical, pdicy, and financia impli-
caions of using shoreperpendtular foundition
walls, such asthe shear walls used by mid- and high-
rise buildings, shoud be considered The use of any
solid foundation wallsbenathaV Zonebuil ding wil
comicate the flood insurance rating process and
may lead to substantially higher flood insurance pre-
miums than those for a building supportal enirely
on pilesor columrs.

4.1.3 Long-Duration Flood Impacts in the
New Orleans Area

Thefailure of theleveefloodwalls protecting the City
of New Orleansled to dee floodwaters and long-du-
ration floodng throughou the leveeprotected ar-
eas Directly behnd the point of levee failure, some
buildings expeilienced structural failure and were
knocked off ther foundations when impaded by
floodwaters. The majority of the buil dings observed
in New Orleans, however, did not sustain significant
structural damage due to high velocity floodwaters.
Most of the impaded buildings had extersive dam-
age to the inteiior contens and building materials
from the long-duration floodng. The long-duration
floodng led to maisture entrapmert within the walls
and floors of floodel buildings, which could impad
the structural integrity of building materials over
time The long-duration floodng also caused inun-
dated homes and businesses to become contaminat-
ed with biologicd and cherrica contaminants.

4.2 Flood Related Recommendations

he recommenddons from the MAT report

summaized in this report are intende to

assig the states of Alabama Louisiang ad
Mississppi; communties; businesses; and individu-
alsin the reconstruction process and to hdp redwe
future damage ard impect from flood and design
level wind events. The recommendabns will aso
hdp FEMA assss the adequay of its flood hazard
mappng and flooddain manaemert requremens
ard deternine whethe charges are needel or ad-
ditiond guidarce requred A few of the man
recommendabns are outlined in the foll owing sec-
tion; detals and addtiond recommend&abns are
provided in Section 4.6. Refer to the Nationd In-
stitute of Building Sciences (NIBS) WholeBuilding
DesignGuidefor more flood recomdatons (http://
www.whdg.org/design/erv_floodphp).

4.2.1 Codes and Standards
Recommendations

Adopion of moden building codes, such as the IBC,
IRC, or NFPA 5000 are recommended These codes
include up-to-dat design ard construction provisions
that are consigert with the NFIP. The IBC and NFPA
500 incorporat flood load (ASCE 7-05) and flood
resigant construction (ASCE 24-

05) standard. The IRC currenty does not refer- erce
expicitly ASCE 7 ard ASCE 24 for flood loads ard
floodresigarnt construction. Thus, it is recom-
mendel that communties contaning land within the
estimated 100-yea flooddain shown on the Ka-trina
Flood Recovery Maps use ASCE 7-05 for flood load
calculatons and ASCE 24-05 for floodresigart one
and two-family residental construction purpcs- es.
Adopion of any modé code or standad shoud keep
intact the minimum criteria estaldished by the
parert or expet documert such as ASCE 7 or ASCE
24,
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4.2.2 General Hazard Identification

Recommendations

n Evaluate existing storm surge modeling: Review

the storm surge data and modding procedurs
tha served as the basis for the effecive FIRMs.
Condud a revised tide frequeng andysis, up-
dake storm climatdogy for the area and use
moden storm surge modds to estimat the
BFEs throughou the Katrina impad area

n Katrina Flood Recovery Maps: As an inteim ap-

proach (pendng competion of coastal flood
restudies), adop the ABFEs ard flood hazard ar-
ea shown on the Katrina Flood Recovery Mars.
This appro&h is preferabe to addng freeboad
within the SFHA on the pre-Katrina effective
FIRM, since the latte appro@h does not address
known flood hazards outside the mappel SFHA.

n Re-evaluate the hazard identification/mapping approach-

es in coastal flood hazard zones: Re-evaluat ard
revise the methodolog used to determire flood
zonesand flood elevationsin coastalareas.

Consider post-hurricare investigatons that
reved damage to A Zone type structures
exposed to less than 3-foaot waves. Consid-
er adopton of the 1.5foot breking wave
height asthe basisfor requring V Zone type
building standard (the distinction currenty
isbased on a3-foot bre&ing wave height).

Revisecoastalflood hazardidentification/

mappingroceduretconsidefuturecon
ditions and incorporatethem into flood
hazarddentificationandmapping.Thefu-
ture conditionsshouldincludethe effects
of long-termerosionwetlandloss,seaevel
rise,andsubsidence.

n Revise flood hazard mapping procedures and maps

for areas behind levees: Refer to Section 4.2.3 for
recommendation

n Develop AWhat IfoMaps: Maps shoud be devel-
opd that ill ustrate the effects of various disaster
scenaros, such as floods that exceel design lev-
els. These mays, to be developal by state or locd
agendes, can hdp educat locd officials and the
pubic, and can be used as a planring ard
dedsion-making tool. Coordnation of A \Wwatifo
mappng with locd mitigaion strateges amd
evacuaion planrning will be requred

4.2.3 Long-Duration Flooding Impact
Recommendations

In orde to adequately portray the risk to buildings
within leveeprotected areas the guidance and pro-
cedures for hazad mapping in areas protected by
levees ned to be re-evaluated Specific recommen
dationsinclude

n Revise flood hazard mapping procedures and maps
for areas behind levees: Asguidan®@in carying
out the requremens of 44.CFR 65.1Q FEMA
issued an August 22, 2005 menm titled fiProce
dure Memorandm No. 34 i Inteim Guidane@
for Studies Including Levees,06 (FEMA, David I.
Maurstad, August 22, 2005 for immedate im-
plementaion. This meno provides guidane and
standard in propety idenifying flood haz- ards
in area possbly protectel by levees. The
procedue indudes working with locd enities
resporsible for levees to deternine the accred
itation of the levee providing flood protecton.
If a levee is not accredted, the area behind the
levee will be idenified as SFHA and will reflea
the actud BFE. A copy of the meno is indud
edinHurricaneKatrinain theGulfCoast:Building
PerformanceObsevations Recommendationgind
TechnicalGuidance(FEMA 549, 2006)

n Consider future conditions: Revise hazard identk
fication and mappirg procedurs to corsider
predictel rates of sea level rise and subsidence

n Develop fiVhat Ifdmaps for levee-protected areas:
Maps shoud be developd that ill ustrate the
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effects of varnous disaster scenaros, such as
floods that exceed design levels ard levee fail -
ures. Thesemaps,to be developedby stateand
local agenciescan be usedto: 1) educatelocal
officials andthe public, and2) providea tool for
planning and decisionmaking. Coordination of
i w hia ftneapping with local mitigation strae-
gies and evacuationplanningwill be required.

n Restoration of Long-Duration Flooded Structures:
Safety precautios (including the use of person
al protectve equipment will neeal to be taken by
homeavners and restoration workers during repar
ard recorstruction work to minimize the healt risks
from biologicd and chemica con taminans. To
facilitate restoration of flooded buildings, building
owners should

Open windows and doors to maximize air
flow

Remowecontentsfor regoration or disposd

Remove porows wall mateials, fibrous wall
insulaton, carpetng, vinyl flooring, ard
electricad componerg tha were impacted
by floodwaters

Thoroughly clean and sanitize interior
surfaces

All ow sufficiernt timefor drying prior toiniti-
ating reconstruction activities

For addtiond detals on safety precauions and flood
restoraion techniques, refer to the FEMA Hurricane
Recovery Advisories, TheABCsof Retuningto Flood-
edBuildings ard Initial Restoratiorof FloodedBuild-
ings. FEMA Recovery advisories can befound at www.
fema.ge/fimamatmat katrinashtm

4.2.4 Design and Construction
Recommendations

It is highly recommendd that buildings be con
structed to survive flood levels that exceed the base
flood design condtions. This can be dore by elevat-

ing the lowest floor abovethe BFE (preferably to the
ABFE), choosing afoundition that is more resigant
to flood forces and erasion, and using flood damage-
resigant materialsabovethe BFE.

n Althoudh not mandatd by the IRC, use the 2006
edtion of the ASCE 24 for floodresigan design
of one ard two-family structuresin coest- al area.

n Use ASCE 7-05, Chapte 5, and its assciated
commentay, for calculating flood condtions
ard loads during a base flood event The com-
mentay of the 2006 edtion provides updatel
guidarce for charaterizing and calculating
floodborre debiis loads.

n Usethe Home Builder& Guide to Coasta Construc-
tion Techical Fadt Sheet (FEMA 499 fourd at
www.femagov/fimamatfemat99.shtm and
the Coasta Construction Manual (FEMA 55) for
addtiond guidane related to flood and wind-
resigant design and corstruction.

4.2.5 Foundation Recommendations

n Select and design foundaions based on AFBEs
shown on KatrinaFlood Recovery Maps, not the
pre-Katrina FIRMs, until such time tha revised
regulatary floodmajs become availade for the
Gulf Coeast.

n Elevate the bottom of the lowest horizontd
structurd membe above the BFE in all coastal
flood hazard zones (preferably to the ABFE).

n Usethe RecommendedesidentialConstuctionfor
theGulf Coast:Buildingon SrongandSafeFoun-
dations (FEMA 550) when building new homes
in coastal area. FEMA 550 contdns schematic
designs for severd foundaion styles to assig
locd engnees, bulders, and code officials in
designing and corstructing flood and wind re-
sigart residental foundatons. FEMA 550 isbeing
developad with input from the Gulf Coast

HURRICANE KATRINA 2005
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n

n

n

Homebul ding Industry ard is schedued to be
issuedinMay 2006

The NFIP shoud investigate the technical,
padicy, ard finarcia implicatons of allowing
shoreperpendtular foundaion walls beneat
one ard two- famly residental buildingsin V
Zones where the required lowest floor elevation
abovethe ground isin excess of one story.

New and repacemen mandactured homes
shoud be elevated with ther lowest floor in
accordarce with the requremens of NFPA
225 (20 ed), Chapte 12. Note tha this
recommenddbn is consigen with currert NFIP
requremens with one excepiton, the charge in
A Zone lowest floor refererce from the top of
the floor to the bottam of the main chassi frame
beam This recommendabn is not intendel to
eliminate the 3-foot pier excepion allowed for
new and redacemen homes on sites in existing
manudactured home paiks tha have not previ-
ously expelienced substanial damage due to
floodng. However, thisrepot suggeststha new
ard redacemen homes in existing parks be el-
evated highe than the 3-foot pier excepton
alows, preferabdly with the bottam of the main
chassisframebean at the ABFE.

Freeboard: Freeboardis recommendedor all
buildingsin all specialflood hazardzones.At a
minimum, the freeboardspecifiedin ASCE 24-
05 should be considered (freeboard amounts
in ASCE 24-05 dependon the building im-
portance, flood hazard zone, and floor beam
orientation).Considerusing more freeboardhan
ASCE 24-05 specifiesif AFBEsarenotad opted
by a communiy.

n Coastal A Zones: RequreV Zone design and con

struction standard, per ASCE 24-05, for new
corstruction in Coastal A Zones subjed to ero-
sion, scou, velocity flow, and/a wave heghts
greate than 1.5 feet As an inteim step, usethe
Katrina Flood Recovery Maps to determne the
approxmat locaton of the Coastal A Zone

hazard As shown on the Recovery Maps for
Mississppi, the Coastal A Zone will be the area
betwveen the approxmate limit of the 1.5foat
Wave Zore line and the approxmate limit of the
3-foaot Wave Zore line

n Foundations along the shoreline: Pier foundaiton

performarce in coastal area has been poar
where ercsion, waves, and/a debiisimpects are
present, especiall y during base flood events. Pier
foundaions shoud only be considerad when
these hazards are not present

Use a dee pile and/a column foundaion
along the Gulf of Mexico shordineif signifi-
cart ercsion is likely during the base flood
Use of othe foundaion types shoud belim-
ited to those area far from the shordine
arnd not subject to erasion.

Use a deeppil e or column foundation along
shordinesfor bays and soundsif significant
ercsion is likely during a base flood event.
Foundition selection shoud be basd on
severa factors: erodbility of the soil ; expo-
sure tofdamagngo waves Qreater than 1.5
feethigh); potental for velocity flow; po-
tental for floodbornedebis; and reqgured
resiganceto lateral floodand windforces.

n Debrisimpacts: Buil dingsshoud bedesignedand

constructed to resig loads and condtions dur-
ing the design flood. At a minimum, the design
floodshoud be the bse flood, but dsigningfor
more severe floods is recommendedin ac-
cordarce with ASCE 24-05. Floodbornedebiis
charateristics and loads shoud be deternined
using section C.5 of ASCE 7-05.

n Fully engineered, multi-story construction governed by

the IBC: The groundlevel floor of a multi-story
building (typically used for vehcle parkng ard
building accesg shoud either 1) use alowest
floor slab or floor sygem tha will not collapse
and can suppot al design loads, if undernined
or 2) use a slab or floor sygem tha will collapse

46
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and bresk into small pieces if undermned
Buildingsgoverneal by theIRC and intheV Zone
shoud be restricted to the second option.

4.2.6 Public Outreach and Education
Recommendations

ReconstructionoftheAlabama Louisiana, and Mis-
sissppicommunitiesaffectedbyKatrinawil  reguire
adhererte to the codesand best pradicesfor buil d-
ing design and construction. Before that can occur,
however, floodandwind hazadsmust becommuni-
caed to interested parties, reconstruction options
must be detemined and discussed, and the best
option(s) must be idenified. Public outreach and
edwaiononcodeswill beessental to this process
particularly with regard to idenifyi ng hazads and
reconstruction options. A variety of audiencesmust
be involved and engaged, including homeowners,
contradors, designers, buil dingofficials, flooddain
managers, and electedofficials.

Key topics to be part of any eff ective outreach and
edwaion program shoud include:

n Mapping flood hazads: ongoing restudies and
interim KatrinaFloodRecovery Maps.

n Design and construction to resig future hur-
ricanes, including consideraion for storm
impads abovedesign condtions.

N The costs, benefts, and consequeres of em-
ploying (or not employing) best pradices for
design and construction.

n Provide training to local enginees, builders, and
code enforcement officials on Recommided
Residatial Construction for the Gulf Coast Build-
ing on Strong and Sak Foundations (FEMA 550,
pubication availade May 2006).

n Provide training to locd enginees, builders,
and code erforcement officials on requre-
mentsof thelatest adoptedcodes.

4.2.7 Flood Insurance Recommendations

Likefloodhazad maps, floodinsurance provisions
and premiums shoud reflect the acual risk during
base flood condtions. Flood insurance provisions
and premiums shoud reward best pradicesfor sit-
ing, design, and construction (such as through the
use of theV ZoneRisk Fador Raing Form).

4.3 Wind Hazard Conclusions

he wind speedsduring Hurricane Katrina

were bdow current design wind speedsin

most areas but the wind presauresexceeded
sone of theolder codelevd wind pressues The
wind conditionsfrom the stam resultel in limit-
ed structural damagto buildings, but widespead
damae to building envelopes Thewind-related
building damag@ was generally a resut of inad-
equae desiq, outdatel codes building age lack
of maintenance, and/or poa construction/code
enforcemaent.

Buildings designedand constructedo resistwind

loadsprescribedn the IBC 2000, IBC 2003, and
ASCE 7 peformed well structurally and showed
how improvementgo the building codescan pro-

duce successfulresults. Basedon the amount of

wind damageobseved by the MAT for buildings
constructedn accordancewith the 1979 and ea-

lier editionsof the SBC, it is evidentthatunde-pre-

diction of the designwind loadsby pastbuilding

codesfor critical building areas,suchasroof and
wall corners,led to significant building envelope
andstructuraldamageFor buildingsconstructedn

accordancevith the 1982 andlater editionsof the
SBCandIBC/IRC,investigatiorof thedamagesug-

gestedhatnon-compliancewith buildingcodesvas
amajorcauseof thatdamage.
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4.3.1 Performance of Structural Systems
(Residential and Commercial
Construction)

Most structural failures observed by the MAT ap-
peared to be the result of inadequate design and con-
struction method commony used before IBC 2000
and IRC 200 were adopted and erforced Only arel-
atively small numbe of structuresthat were observed
in the areas affected by Hurricane Katrinawere con-
structed in acardance with currert modeé building
codes; mast that were observed were constructed in
ac®rdancewith older codes such asthe SBC or were
not constructed to any buil ding code standards.

Throughou the Hurricane Katrina damage zone
the limited structural wind damage was most com-
monly observed in residental wood roof framing.
Inadequate nailing of roof sheathing pands, gable
end wall failures, and lack of propety installed wood
framing connectors were the major factors in these
structural failures. Most heawy ergineerel comme-
cia buildings (e.g., casho hotds, banks, hospitals)
paformed well structurally, which is attributed to
the safety factors normally included in the pefor-
mance of the ergineeing analysis condwcted for
the structuresd designs. Older pre-ergineera struc-
tures, geneally constructed before 1980 performed
pooly when faced with the high loads of Hurri-
cane Katrina. These structures are often designed to
minimum standards to redwce cost. Lack of building
codes and older codes often resulted in structures be-
ing constructed to minimum design requremens.

4.3.2 Performance of Building Envelope

Building ervelope damage was noted throughou
all areas observed by the MAT. Poor performance of
building envelopeswas afunction of both inadequate
wind resigance and damage from windborre debis
impad. Inadequate resigance to high-wind pressures
on building envelopes and rooftop equpmern was
responrsible for much of the damage caused by Hur-
ricane Katrina. In addition, windborre debis caused

significarnt envelope damage ard virtudly al of the
glazing damag@ tha the MAT observed In part the
building ervelope failure prodem is due to lack of
high-wind design guides for envelope assemHdies and
various types of rodftop equpment

Internal Pressurization: Structurd damag was catsed
in some buildings when the building envelope was
breached ard significart change of the internd
presaures occurred Failures of windows ard doors
on the windward face of a building have been cor-
related with subsequen falures of parition walls,
windows, and doors on side and leevard walls, attic
access pands, rodf sheathing, and even whoe roof
structures. Numerots failures occurred at and beow
the design wind speal as the result of inadequat de-
sign and construction of the connections ard inter-
nd presairization.

Roof Coverings, Exterior Cladding, and Soffits: Rod' cover-
ings of mary types failed during Hurricare Katina
Some of these failures were due to the age of the
coverings. Agerelatad failures were associated with
weathe-induced change in mateia propertes ard
with testing limitatons and design standard that were
availabe years aga Othe failures were due to design
and construction related issues or debiis impeact.

n In generd, EIFS paformead pooly. Greate at
tenion is needd in the design and apgdication
of EIFS and improvemens are neede in design
guides ard testing.

N Ingeneral, vinyl sidingsperformed poorly.

n Edge flashing, coping, and gutter/downspouts
failure was comman. Failure of these roaofing
conponents often initiated lif ting and peeling
of roof memlyanes Failure was in part due to
inadequate desigh and construction attention,
and, inthe cas of gutters, dueto lack of teging
and design standard.

N In numerow buildings rain was driven into at
ticspacesbecauseof soffit fail ures.
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Windows, Doors, and Shutters: Windows ard glazed
doors can be protected in al wind regons using
shutte sydems, laminatad glazing sydems, and othe
mears of openng protection. Limited use of protec-
tive sygems was observed in the aff ected area. Dam
ace to the contens of mary homes and businesses
would have been prevental if building openngs had
been protected

4.4 Wind Related Recommendations

he recommendationsrom the MAT report,

summarizedin this report, are intendedto

assistthe statesof Alabama,Louisiana,and
Mississippi;communitiesbusinessesndindividu-
als lessenthe impactof wind damagefrom future
naturalhazards A few of the main recommend-
tions are outlinedin Sections4.4.1through4.4.3;
details and additional recommendationsare pro-
videdin Sectiord.6.Referto NIBS WholeBuilding
DesignGuidefor moreflood recomdationghttp://
www.wbdg.org/design/env_floodhp).

4.4.1 Codes and Standards
Recommendations

Buildings that had been designed or mitigated to re-
sig high-wind loads were observed to paeform sub-
stantially better than buil dings constructed to earlier
codes, but positive performance was not consigent
Incorporating the recommenadtions in this repot
into the next available code cycleiskey to setting the
new standard in huriicaneresigant construction in
all hurricane-prore regions. If these recommend-
tionsare nat adopteal by the modé codes, the recom-
mendel design changes shoud be consideral fibest
pradiceso and incorporated in all new construction
and mitigation projects.

n Adop the 2006 IBC, IRC, or NFPA 5000 for
al jurisdictions in Alabama Louisiang amnd
Mississppi.

n Do naot redue the wind provisions of the 2006
IBC, IRC, NFPA 500Q and ASCE 7-05 with lo-
ca amendmerg as has been dore in some
jurisdictions.

n Ensure code compiance through increased
erforcemert of construction inspection require-
mens such as the IBC, IRC, ard NFPA 500Q
Ensure enforcemen of Special Inspections Pro-
visionsper thel BC and NFPA 5000

4.4.2 Building Envelope Recommendations

Roofcoveringandwall claddingfailureswerewide-
spread during Hurricane Katrina, which was less
than a design wind eventin most areas To ersure
that componentsand cladding elementsare beng
engineered and designed per the code requre-
ments, additional focus shoud be givento the de
sign and construction of thebuil ding envelope. Test
methodimprovementsare recommendedto as®ss
theperformanceof exterior sygemslik e EIFS, vinyl
siding, and soffit pands that historically have per-
formed pooily during hurricanes. Specific recom-
mendationsrelatedto roof sygems, soffits, exterior
cladding, windows, doors, and rooftop equ pment
areincludedSection 4.6.

4.4.3 General Recommendations

Building Owners: Creaing a continuousload path
from the roof to the foundaton minimizes damaye
and may prevent failure of older buildings during
futurewind events. For owners, renosation work and
roof regdacement projects offer opporturitiesto
perform mitigation retrofits to improve a build-
ingé continuousload path. The roof structuretop-
of-wall connection is often madeaccessble dur- ing
these projects andit is relatively easy to hdp create
a continuous load path by installing extra clips,
saews, or nals to secure decking to raftersor
trusses for a minimal cost. These meaures can
significanty increase the future wind resigance of
the structure.

HURRICANE KATRINA 2005
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n Refer to the NIBS WholeBuilding DesignGuide
(http://www.wbdg.org/design/erv_wind.php).

n Involve a structurd design enginee, architect,
or professond-licensed contrector in design-
ing and plannng renovation or remodd ng of
structurd or building envelope improvemens.

n Perform follow-up inspections after a hurricane
to look for moaisture tha may affect the struc-
ture or building ernvelope

State and Federal Government Agencies:

n The governmen shoud place high priority on
and allocae resources to hardering and provid-
ing backup power and data storage to surface
weather moritoring sygems. Continuad suppot
is alo needd for mainterance, expansion, and
dedoymernt of stand-alone unmanned surface
observation sygensthat canbesafly andreliably
placed in advance of a land-falling huriicane
Suppot shodd be provided for the real-time
commurcation of data from all these platforms
toforecagersand wind-field modéding eff orts.

n The governmen shoud place a high priority on
continuing to fund the developmert of toals for
estimatng and mappng wind fields associated
with hurricanes and make these prodLcts avail -
abeto the pudic.

45 Performance of Critical and

Essential Facilities (Including
Shelters)

45.1 Conclusions

n generd, buldings functioning as critical
and esenta facilities did not peform bette
than ther commecia-use counterpars. The
same construction issues observed in residental
and commecia buildings were observed in criti-
ca and essnial facilities. Facilities that sustained

damage from floodng had not beendesigned to
withstand thelevel of floodng that occurred.Some
buil dings designedto critical and esental facility
requrementsexpeirienced damage and partial fail-
uresduring the hurricane dueto lack of protection
from windbornedebis. The flood and wind-re-
lated building damag to critical and essnial
facilitiesexperencedduring Hurricane Katrinaled
to asignificant, and avoidable, loss of function.

4.5.2 Recommendations

Detailed recommendations for mitigating flood
and wind-related hazads to critical and essnial
facilitiesare providedin Section 4.6. Some of the
main recommenditionsare:

n Locae all new critica and essnial facilities
that must remain opemtional during an event
above the 500-year flood elevation and on sites
that will not beisolated by floodwaters, where
possble. This is a current requrement per
44CR Section 9.11 for reconstruction of exist-
ingfacilities.

n For existing critica and essental facilities
locaedwithinaSFHA, develop emergerncy op-
eration plansthat allow building occupants and
opegmtions to be re-locaed to sites outside of
SHHASs before the onset of the storm. Do not
occupy vulnemblefacilitiesduring an event.

n Evawate emergercy supgies and equpment
to theextentpossbleif an existing facility isto
beevawatedbeforehurricanelandfall. For ex-
anple, if personnelevaauate afire station, also
evaauate the equpment.

n Do not house critical facilities in older buil d-
ings unless they are investigated by qualified
engineersand architects to ensure survival in
designlevelstorms If weaknessesareidenified,
the buil ding shoud not be occupied during the
event.
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n Designtostandardtha exceedcurrertcodg con- n Talde4-4. Flood Hazard - Long-Duraion

duct pee reviews when designing new facilities Floodng Recommendabns
or retrdfitting existing facilities, and implemernt
special inspections during construction. n Tabe4-5. Flood Hazard - Recommendabns
SpecifictoCritical and Esential Facilities
4.6 Recommendation Tables Wind-Related:
for Flood and Wind

Flood-Related:

n Take4-6. Wind Hazard - Design and
Construction Recommendabns

n Takde 4-7. Wind Hazard - Recommendabns

n Tabe4-1. Flood Hazard - Building Code for Building Codes/Standare and Adoping
Recommendabns Agercies

n Talde4-2. Flood Hazard - Design ard n Tabe4-8. Wind Hazard - Recommendabns
Construction Recommendabns SpecifictoCritical and Essenial Facilities

n Tade4-3. Flood Hazard - Hazard Identfication Flood- and Wind-Related:
and Regulations Recommendabns for
Governmemn Agenges n Takbe4-9. Flood and Wind Hazard - Public

Outreeh Recommendabns

Table 4-1. Flood Hazard - Building Code Recommendations

Flood Hazard

Code Recommendation*

General

Code Ado.p'.f the 2006 IBC! IrF:, or nFpA 5000 building codes for all jurisdictions in Alabama,
Louisiana, and Mississippi.

Code Adopt the ASCE 24-05 for all jurisdictions in Alabama, Louisiana, and Mississippi.

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.

HURRICANE KATRINA 2005 SUMMARY REPORT ON BUILDING PERFORMANCE 4-11



4 CONCLUSIONS AND RECOMMENDATIONS

Table 4-2. Flood Hazard - Design and Construction Recommendations

Flood Hazard

Action

- I
Building Component Recommendation Required By*

Design, Foundations, and Structures

use ASCE 7-05, Chapter 5 for the calculation of flood loads during the base

flood, including floodborne debris loads. D.C.G

Design guidance

use ASCE 24-05 for the flood-resistant design of all structures in flood hazard

areas, including one- and two-family structures. D.C.G

Design guidance

use the Home Builder& Guide to Coastal Construction Technical Fact Sheets
Design guidance (FEMA 499) and the Coastal Construction Manual (FEMA 55) for additional D,C,G
guidance related to flood and wind resistant design and construction.

use the guide: Recommended Residential Construction for the Gulf Coast: Building

on Strong and Safe Foundations (FEMA 550, publication available May 2006). D.C.G

Design guidance

Design guidance, use nFpA 225 for installation of new and replacement manufactured homes in

manufactured homes flood hazard areas. D,C,G

require V Zone standards for new construction, per ASCE 24-05, in Coastal A
Coastal A Zones Zones subject to erosion, scour, velocity flow, and/or subject to wave heights D,CG
greater than 1.5 feet.

Select the type of foundation based on the flood hazards depicted on the Katrina
Foundation type Flood recovery Maps, not based on the flood hazard zones shown on the pre- D,CG
Katrina FIrMs.

Investigate the technical, policy and financial implications of allowing shore-

Shear wall perpendicular foundation walls beneath one- and two-family residential buildings G
foundation inV Zones where the required lowest floor elevation above the ground is in
excess of one story.
Elevate all new construction (including substantially improved structures and
replacement of substantially damaged structures) in coastal flood hazard zones
Lowest floor with the bottom of the lowest horizontal supporting member above the BFE DC G
elevation (preferably to the ABFE). Freeboard for all buildings in all special flood hazard Y
zones is desirable; the amount will vary with building importance, but ASCE 24-
05 can provide guidance.
Ground level slabs, The ground level floor of a multi-story building (typically used for parking or
fully-engineered, building access) should either: 1) use a lowest floor slab or floor system that
multi-story will not collapse and can support all anticipated design loads and conditions, D,C,G
construction including undermining, or 2) use a slab or floor system that will collapse into
(governed by the IBC) | small pieces.
Within the V Zone, the grade-level slab must collapse and break into small pieces
if undermined.
Ground level slabs, h ; . ded for el d buildi inc |
buildings (governed The same performance is recommended for elevated buildings in Coastal A D.C.G

Zones subject to erosion, scour, velocity flow, and/or subject to wave heights

by the IRC) greater than 1.5 feet.

Slabs under elevated buildings in non-Coastal A Zones need not break up.

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Government official (G).
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Table 4-2. Flood Hazard - Design and Construction Recommendations (continued)

Flood Hazard

Action

g i *
Building Component Recommendation Required By**

Design, Foundations, and Structure (continued)s

Buildings should be designed, and constructed, to resist loads and conditions
during the design flood. At a minimum, the design flood should be the base flood,
Debris impacts but designing for more severe floods is recommended in accordance with ASCE D,C,G
24-05. Floodborne debris characteristics and loads should be determined using
Section C.5 of ASCE 7-05.

For sites near bay or bayou shorelines, foundation selection should be based

Foundations near

e on factors as described in Chapter 11 of the MAT report Hurricane Katrina in D.C.G
hy i y the Gulf Coast: Building Performance Observations, Recommendations, and T
I liE Technical Guidance (FEMA 549, 2006).

Table 4-3. Flood Hazard - Hazard Identification and Regulations Recommendations for Government Agencies

Flood Hazard

Parameter Recommendation*

Hazard Identification and Regulation

review the storm surge data and modeling procedures that served as the basis for the effective
Storm surge FIrMs. Conduct a revised tide frequency analysis, update storm climatology for the area, and use
modern storm surge model to estimate the BFEs throughout the Katrina impact area.

Adopt the Katrina Flood recovery Maps as an interim approach (pending completion of coastal
flood restudies). This approach is preferable to adding freeboard within the SFhA on the pre-
Katrina Flood Katrina effective FIrM, since the latter approach does not address known flood hazards outside
Recovery Maps the mapped SFhA. post-event flood recovery maps should delineate the 100-year and 500-year
flood limits and hazard zones, including the landward limits of anticipated V Zone, Coastal A Zone,
and A Zone conditions.

re-evaluate the methodology to determine flood zones and flood elevations in coastal areas. post-

Mapping flood hurricane investigation revealed damage to A Zone-type structures exposed to less-than-3-foot

hazards in waves. Consider adoption of the 1.5-foot breaking wave height as the basis for mapping Coastal A

coastal areas Zones and requiring V Zone type building standards (the distinction currently is based on a 3-foot
breaking wave height).

Future The effects of long-term erosion, wetland loss, sea level rise, and subsidence should be

conditions incorporated into flood hazard identification and mapping. Even if shown as optional data layers,

mapping the information will be available to communities, designers, lenders, and owners.

Flood insurance provisions and premiums should reflect the actual risk during base flood
conditions. Actual risk refers to those flood conditions that would potentially exist if the levees
provided minimum, or no, protection.

Flood insurance
premiums

Flood insurance Flood insurance provisions and premiums should reward best practices for siting, design, and
premiums construction.

Maps should be developed that illustrate the effects of various disaster scenarios, such as floods that
fiWhat ifd exceed design levels. These maps, to be developed by state and local agencies, can help educate
mapping local officials and the public, and can be used as a planning and decision-making tool. Coordination
of i w hidmapping with local mitigation strategies and evacuation planning will be required.

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Government official (G).
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Table 4-4. Flood Hazard - Long-Duration Flooding Impact Recommendations

Flood Hazard

Action

Category Recommendation* Required By**

Implement FEMA procedure Memorandum no. 34 - Interim Guidance for
Studies Including Levees (FEMA, david I. Maurstad, August 22, 2005). This
memo provides guidance and standards in properly identifying flood hazards
in areas possibly protected by levees. The procedure includes working with G
local entities responsible for levees to determine the accreditation of the levee
providing flood protection. If a levee is not accredited, the area behind the levee
will be identified as a SFhA and will reflect the actual BFE.

) o revise hazard identification and mapping procedures to consider predicted rates G
Flooding - within of sea level rise and subsidence.
levee-protected
areas

Building owners should consider the savings in repair costs from damages that
may occur in future events versus the initial cost in constructing the building to a C,0
higher elevation.

develop i Wh HOMaps for levee-protected areas to illustrate the effects of
various disaster scenarios, such as floods that exceed design levels and
levee failures. The maps, to be developed by state and local agencies, can G
help educate local officials and the public, and can be used as a planning and
decision-making tool.

For details on safety precautions and flood restoration techniques, refer to the
FEMA hurricane recovery Advisories: The ABCs of Returning to Flooded

Buildings and Initial Restoration of Flooded Buildings. recovery Advisories can ¢0
be found at: www.fema.gov/fima/mat/mat_katrina.shtm
To facilitate restoration of flooded buildings, building owners should:
n open windows and doors to maximize air flow
Hlafape . n remove contents for restoration or disposal
and chemical
contamination of n remove porous wall materials, fibrous wall insulation, carpeting, vinyl C,0
building materials flooring, and electrical components that were impacted by floodwaters

n Thoroughly clean and sanitize interior surfaces

n  Allow sufficienttime for drying prior to initiating reconstruction activities

Take appropriate safety precautions (including the use of personal protective
equipment) during repair and reconstruction work to minimize the health risks C,0
from biological and chemical contaminants.

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: Contractor (C), Government official (G), Building owner (0).
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Table 4-5. Flood Hazard - Recommendations Specific to Critical and Essential Facilities

Parameter

Flood Hazard

Recommendation*

Action
Required By**

Critical/Essential Facilities

do not open shelters located in potential storm-surge inundation

FUE B zones until after the hurricane makes landfall. G, CFO
At a minimum, elevate or protect new facilities in flood hazard areas
to the 500-year (0.2% annual exceedance) flood level, or based
» on ASCE 24-05, whichever is higher. This is a current requirement
New critical and ; . . L
. L per 44CFr Section 9.11 for reconstructing existing facilities. Areas
essential facilities . . . .
. below this elevation can be used for vehicle and equipment D, G, CFO
(reconstruction of X
L o storage, but plans should be made to relocate vehicles and
existing facilities) . . : .
equipment in the event of a severe storm. Floodproofing of vehicle
and equipment storage areas may be an alternate approach for
facilities located outside the V Zone and Coastal A Zone.
For facilities located within a SFhA, develop emergency operation
Existing critical and plans that allow building occupants and operations to be re-located to G CFO
essential facilities sites outside SFhA before onset of storm. do not occupy vulnerable '
facilities during an event.
Existing critical and Evacuate emergency supplies and equipment to the extent possible if
> iy L o : G, CFO
essential facilities an existing facility is to be evacuated before hurricane landfall.
Existing critical and Evaluate vulnerability of existing facilities in light of recent damage to D G CFO

essential facilities

similar facilities; strengthen and floodproof structures where feasible.

Table 4-6. Wind Hazard - Design and Construction Recommendations

Wind Hazard

Building Component

Recommendation*

Action
Required By**

Building Envelope

Involve a structural design engineer, architect, or professional-licensed

General contractor in designing and planning renovation or remodeling of structural O
or building envelope improvements.
perform follow-up inspections after a hurricane to look for moisture that may
General o C,0
affect the structure or building envelope.
. Ensure manufacturersé@installation instructions are followed (i.e., starter
Asphalt shingles D,C

strips and nail locations) and use Fact Sheets 19 and 20 (FEMA 499).

*

All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Manufacturer (M), Government official (G), Building owner (0),
Critical Facilities operator (CFo).
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CONCLUSIONS AND RECOMMENDATIONS

Table 4-6. Wind Hazard - Design and Construction Recommendations (continued)

Wind Hazard

- . Action
*
Building Component Recommendation Required By™*
Building Envelope (continued)
Metal panel roof system Specify close spacing of fasteners at eaves, and hip and ridge flashings. D
Tile roof system use Fact Sheet 21 (FEMA 499). D,C
Bl (halioe e Comply with American national Standards Institute (AnSl)/ Sprl ES-1
g g (2003). use safety factor of 2 for Category Il buildings and a safety factor of 3 D
copings for Category Ill and IV buildings.
Edge flashings and place a bar over roof membrane near edge of flashing and coping to provide
conings secondary protection (see FEMA 424, Design Guide for Improving School D, C
Ping Safety in Earthquakes, Floods, and High Winds).
Gutters and downspouts gevelop design guide for wind resistant gutters; include attachment of M. C
ownspouts.
Sk VER use hur_rlcane Katrlng recovery Advisory: Attachment of Brick Veneer in M, G
High-Wind Regions.A
EIFS Manufacturers should re-evaluate their training programs to ensure that EIFS M
assemblies are installed properly by adequately-trained workers.
EIFS Industry Members Association (EIMA) should consider all elements
of the EIFS assembly. Although EIMA members may not manufacture or
EIFS supply assembly components such as metal framing, sheathing, or sheathing M
fasteners, these elements are also critical in achieving suitable wind
performance.
When EIFS is installed over sheathing, designers should specify attachment
EIFS requirements for all elements of the assembly, including framing and D
sheathing attachment.
designers should specify special inspections to ensure proper application of
EIFS D
all elements of the assembly.
EIFS develop design guidance for EIFS attachment. M, G
Vinyl siding develop design guidance for vinyl siding attachment. M, G
design guidance: develop design guidance for attaching soffits, including
Soffits design of baffles or filter media to prevent wind-driven rain from entering M, G
attics.
Asphalt shingles Ensure manufacturers' installation instructions are followed (i.e., starter strips D.C

and nail locations) and use Fact Sheets 19 and 20 (FEMA 499).

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Manufacturer (M), Government official (G), Building owner (0).
A The hurricane Katrina recovery Advisories can be accessed on-line at: www.fema.gov/fima/mat/mat_katrina.shtm
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4

Table 4-6. Wind Hazard - Design and Construction Recommendations (continued)

Wind Hazard

Building Component

Recommendation*

Action

Required By**

Exterior Equipment

For all rooftop equipment, see hurricane Katrina recovery Advisory:

doors

blocking attachment. Maintain adequate edge distances for frame fasteners
placed in concrete or masonry.

General Attachment of Rooftop Equipment in High-Wind Regions (publication D
available in May 2006).A

Lightning protection See hurricane Katrina recovery Advisory: Rooftop Attachment of Lightning
Protection Systems in High-Wind Regions (publication available in May M, D, G

SIS 2006).A

Doors

. Specify wind-driven rain-resistant weather stripping at exterior doors (see
Exterior doors FEMA 424). D
" design entrance vestibules for high-wind resistance in areas where basic wind

Sribenss desiils speed exceeds 120 mph (see FEMA 424). D
Consider type, size, and spacing of door, frame, and frame fasteners to loads.

Rolling and sectional If frame is attached to wood blocking, attention should also be given to the DC

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Manufacturer (M), Government official (G), Building owner (0).
A The hurricane Katrina recovery Advisories can be accessed on-line at: www.fema.gov/fima/mat/mat_katrina.shtm
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Table 4-7. Wind Hazard - Recommendations for Building Codes/Standards and Adopting Agencies

Wind Hazard

Building Component Recommendation*

General

Code Ado.pF the 2006 II_3C_, Irf:, or nFpA 5000, for all affected jurisdictions in Alabama,
Louisiana, and Mississippi.

Code do not reduce the wind provisions of the 2006 IBC and IrC, ASCE 7-05, or nFpA 5000

with local amendments.

Ensure code compliance through increased enforcement of construction inspection
Code requirements such as the IBC, IrC, and nFpA 5000. Ensure enforcement of Special
Inspections provisions per the IBC and nFpA 5000.

Building Envelope

develop and adopt wind resistance and wind-load criteria regarding wind resistance
for soffits. Wind-driven rain resistance of ventilated soffit panels should also be added.
Testing Application Standard (TAS) 110 may be a suitable test method, although it may
require modification.2

Soffit

revise test method ASTM E 330: use a 60-second load duration instead of a 10-
EIFS second load duration. Incorporate deflection criteria specified in test method ASTM E
1592 into ASTM E 330.

revise test method ASTM d 5206: use a 60-second load duration instead of a 30-
Vinyl siding second load duration. Incorporate the deflection criteria specified in test method ASTM
E 1592 into ASTM d 5206.

The ASTM task group responsible for ASTM d 5206 should give consideration to
Vinyl siding dynamic testing of vinyl siding in lieu of the static testing now prescribed in ASTM d
5206.

revise ASTM d 3679 to require a minimum safety factor of 2 versus the 1.5 factor
Vinyl siding currently specified. revise ASTM d 4756 to require installation of a water-shedding
underlayment (e.g., asphalt-saturated felt or housewrap).

Gutters and downspouts develop and add criteria for uplift resistance of gutters and downspouts.

Except for minor repairs, require removal of existing roof covering down to the deck and
replacement of deteriorated decking in areas where basic wind speed is 110 mph or
greater. If existing decking attachment does not comply with loads derived from Chapter
16 of the IBC, require installation of additional fasteners to meet loads.

Reroofing

require compliance with ASTM d 7158.> Also require six nails per shingle and require
Asphalt shingles use of asphalt roof cement at eaves, rakes, hips, and ridges where basic wind speed is
110 mph or greater (refer to FEMA 499, Fact Sheet 20).

Windows and Shutters

Add requirement to label shutters (other than wood) to indicate compliance with ASTM

Sillliers E 1886. Without labels, building owner does not know if shutters are suitable.

*

All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
TAS is a Florida document: http://infosolutions.com/icce/gateway.dll?f=templates$fn=default.htm$vid=icc:florida_hurricane
b ASTMd 7158 was published in 2006 as a replacement for uL 2390.
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Table 4-8. Wind Hazard - Recommendations Specific to Critical and Essential Facilities

Wind Hazard

Building Component

Recommendation*

Action
Required By**

New Construction

Emphasize best practices for schools and shelters described in FEMA 424

General and FEMA 361, respectively, and in the latest codes and standards for D, CFO
wind resistance (ASCE 7).
develop additional criteria to help ensure continuity of function. See FEMA
CIEEE! 424 and FEMA 361. D, CFO
For some important facilities, such as shelters, design using a 40-mph
General . . i D
increase with an importance factor of 1.
. use a directionality Factor of 1.0 for the building envelope and rooftop
Design loads equipment, and 0.85 for the main wind-force resisting system. D, CFO
reinforced concrete roof deck and reinforced concrete and/or reinforced
Material selection and fully-grouted CMu exterior walls are recommended. FEMA 424 and D. C. CEO
FEMA 361 provide detailed guidance on material selection for structural T
and building envelope systems.
Facility plans should delineate the facility area designed to function as a
shelter or hardened area. details of the shelter or hardened area and the
Detailing and notations on envelope elements should be provided to ensure that the construction
.S ; . o - D, C,CFO
the building plans requirements are clearly understood by the builder and building official.
provide facility design criteria and maximum design pressures for the main
wind force resisting system (MWFrS) and for components and cladding.
design a roof system that will prevent or reduce water infiltration if roof is
el e hit by windborne debris. D
Gutters and downspouts Secure gutters to resist wind uplift and to avoid membrane blow-off. D, C,CFO
Rolling and sectional Install high-wind-rated, sectional, or rolling doors to protect against high D. C. CEO
doors wind. =
Windows Implement wmdpw protection systems to protect critical facilities from D
windborne debris.
Incorporate hazard mitigation peer review into design approval process
General to ensure that critical and essential facilities are adequately designed to D, CFO
resist extreme winds.
Contract drawings and specifications for new construction and remedial
work on existing building envelopes and rooftop equipment should
General : . . . ; . D, CFO
undergo rigorous peer review, submittal review, field observation
(inspection), and testing prior to construction.
o Conduct special inspections for kgy_structural items and connections to D, C, CFO
ensure performance of critical facilities.
* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Government official (G), Critical Facilities operator (CFo).
*** See applicable items under new Construction
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Table 4-8 . Wind Hazard - Recommendations Specific to Critical and Essential Facilities (continued)

Wind Hazard

Building Component

Recommendation*

Action
Required By**

Existing Facilities***

Vulnerability assessment

perform vulnerability assessment to ensure continuity of operations. The
assessment should evaluate the building performance and utilities that
service critical/essential facilities, so that the building owner understands
potential impacts to the facility during a storm, and operational impacts
resulting from limited utility services.

D, CFO

General

American red Cross 4496 provides a baseline for a shelter® integrity and
performance, but meeting this criterion does not guarantee that the building
will resist wind and windborne debris associated with hurricanes. Emphasize
best practices for shelters described in FEMA 361.

D, CFO

General

Implement mitigation measures or structurally retrofit critical/essential
facilities to design levels other than minimum code requirements for general
use buildings. do not house critical facilities in buildings that have not
received thorough architectural and engineering attention.

D, CFO

Roof structure

Install hurricane clips or straps on inadequately connected roof beams and
joists in those buildings that will be occupied during a hurricane.

D, C,CFO

Roofing

replace aggregate-surfaced roof systems with non-aggregate systems.

D, C,CFO

Edge flashings and
copings

Install exposed fasteners on the vertical face of weak metal edge flashings
and copings (see FEMA 424).

D, C,CFO

Rolling and sectional
doors

Ensure sectional and rolling doors are properly installed and reinforced to
prevent catastrophic door failure and building pressurization. replace or
retrofit existing doors that lack adequate resistance.

D, C,CFO

Shutters

In windborne-debris regions (as defined in ASCE 7), install shuttering
system on all exterior glazing that is not windborne-debris-resistant. Install
power-operated shutters, laminated glass, or engineered film system to the
glazing and frame on upper-level floors.

D, C,CFO

General

Conduct special inspections for key building envelope components to ensure
performance of critical/essential facilities. Inspect rooftop equipment twice

a year. Inspect windows, doors, and wall coverings at 5-year intervals.
Conduct special inspections of the entire facility (both structural and building
envelope systems) after major storms.

D, CFO

Design guidance

develop a comprehensive design guide to complement FEMA 424 for
mitigating existing facilities.

D,G

* All recommendations are detailed in the FEMA 549 MAT report unless otherwise noted.
** Action required by: designer (d), Contractor (C), Government official (G), Critical Facilities operator (CFo).
*** See applicable items under new Construction
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Table 4-9. Flood and Wind Hazard - Public Outreach Recommendations

Flood Hazard

Education Topic

Outreach Method

Building Owners and Homeowners

Mapping flood hazards: ongoing restudies and
interim Katrina Flood recovery Maps

design and construction guidance as to how to
resist future hurricanes. Include consideration of
storm impacts above design conditions.

The costs, benefits, and consequences of
employing (or not employing) best practices for
design and construction

provide training to local engineers, builders, and code
enforcement officials on Recommended Residential
Construction for the Gulf Coast: Building Strong and
Safe Foundations (FEMA 550, publication available
May 2006)

provide training to local engineers, builders, and code
enforcement officials on requirements of the latest
adopted codes.

Building Owners and Homeowners

Wind Hazard

3 Conduct public meetings to educate building owners
on Katrina Flood recovery Maps and rebuilding
information.

3 provide outreach, via local newspapers and
pamphlets, to describe advisory elevations and
what they mean to building owners

3 provide the FEMA web site address where the
Katrina Flood recovery Maps can be viewed

3 provide information to public and building owners
regarding reconstruction guidance and best
practices

plan and budget construction projects that incorporate
natural hazard mitigation measures.

Select design and construction teams knowledgeable
in effective construction methods in hurricane-prone
areas.

prepare and protect building prior to hurricane landfall.

Educate building owners on what to do after hurricane
passes (inspecting for building damage, performing
emergency repairs, and drying out building interiors).

rebuild damaged structure in manner that protects
against future damage.

Inspect exterior connections and fasteners for wear,
corrosion, and other deterioration.

Educate building owners on how wind-driven rainwater
enters buildings, the resulting implications (loss of
electricity, mold), and prevention methods.

3Tailor informational pamphlets to homeowners and
building owners.

3 develop strategy to distribute information (e.qg.,
standardized information sheets during sale of
building).

3 Enlist assistance of real-estate companies and
organizations such as the Building owners and
Managers Association.

3 provide public service notices at start of each
hurricane season.

3 develop informational materials on how wind-driven
rainwater enters buildings, the resulting damage,
and prevention methods.

HURRICANE KATRINA 2005
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Table 4-9. Flood and Wind Hazard - Public Outreach Recommendations

Education Topic

Wind Hazard

Outreach Method

Architects, Engineers, Consultants

Improve the technical proficiency of building envelope
design.

provide adequate level of design details for connecting
rooftop equipment, including mechanical, electrical,
and lightning protection.

Share post-disaster building performance information
to maximize the value of lessons learned.

3prepare monographs for trade-wide distribution.
3 prepare Web-based tutorials and seminars.

3 Encourage colleges and universities to augment
existing curriculum with hurricane-resistant design
instruction.

Building Officials

Share post-disaster building performance information
to maximize the value of lessons learned.

Train building officials to identify structural weaknesses
that may cause structural or building component
failure during a hurricane (e.g., unbraced gable end
walls, missing truss bracing, trusséanchorage, window/
door anchorage).

Implement effective enforcement techniques to
maintain a high construction quality.

3 Conduct annual seminars for building officials and
plan reviewers in coastal areas to share lessons
learned.

3Implement hurricane disaster building inspection
training program and fir&in the traineroprogram.

Contractors

Educate contractors who construct building envelopes
and install rooftop equipment on hurricane-resistant
fastening and anchoring systems.

Educate contractors on how wind-driven water enters
buildings, the resulting implications (loss of electricity,
mold), and prevention methods.

3 develop and distribute visual tools such as
instructional videos or dVvds.

3 Conduct on-the-job training to highlight failures that
occur when simple anchoring techniques are not
applied.

3 Encourage trade schools in hurricane-prone areas
to augment their curriculum with courses on state-
of-the-art, hurricane-resistant construction.

4-22

SUMMARY REPORT ON BUILDING PERFORMANCE

HURRICANE KATRINA 2005



A. Acronyms and 2

AFBE

ANSI

ARA
ARC
ASCE
ASOS

AWRP

BFE

CDT
CFR

cfu/cm?

CcMU

Advisory Base Flood Elevations

American National Standards
Institute

Applied ResearchAssociates
American Red Cross

American Society of Civil Engineers
Automated Suface Obseving Systems

Aviation Weather ResearchProgram

baseflood elevation

Central Daylight Time
Code of Federal Regulations

colony-forming units per square
centimeter

concretemasomy unit

DDT dichloro-diphenyttrichloroethane

DRO Diesel Range Organics

EDT Eastern Daylight Time

EIFS exterior insulation and finish systems
EIMA EIFS Industy MembersAssociation
EOC Emergency Operations Center

EPA U.S. Environmentd Protectimé Ageny

FEMA Feded Emegency Managemet
Agency

FIRM Flood InsuranceRate Map

HAZUS-MHHazard4).S.7 Multi-Hazard

HRD Hurricane ResearchDivision
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A ACRONYMS AND ABBREVIATIONS

HVAC heating, ventilation, and air NHC National Hurricane Center
conditioning
NIBS National Institute of Building Sciences
NOAA  National Oceanicand Atmospheric
Administration
IBC International Building Code
NWS National Weather Sevice
ICC International Code Council
IEBC International Existing Building Code
IRC International Residential Code PCBs polychlorinated biphenyls
PEMB  pre-engineeredmetal building
€ g/ Kk gmicrograms per kilogram
MAT Mitigation Assessmenfleam RECAP Risk Evaluation/Corrective Action
Program
mb millibars
mph miles per hour
MWFRS main wind force resisting system SBC Standard Building Code
SFHA Special Flood Hazard Area
NAHB National Associationof Home Builders
NAVD North America Vertical Datum 1988 TAS Testing Application Standard
NCDC National Climatic Data Center
NFIP National Flood InsuranceProgram
) ) ) o USACE U.S. Army Corpsof Engineers
NFPA National Fire ProtectionAssociation
NGVD National GeodeticVertical Datum 1929
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B. Glossary

100-year flood i The flood elevationthat hasa 1-
percentchanceof beingequaledor exceededeachyea.

ASCE 7 i Nationd design standad issued by the
ASCE, MinimumDesignLoadsfor Buildingsand Other
Stuctures which gives currert requremens for dead
live, sail, flood, wind, snow, rain, ice, and earthquak
loads, ard thar comhnatons, suitade for inclusion
in building codes and otha documens.

ASCE 24 1 Nationd design standad issued by the
ASCE, Flood ResistanDesignand Constuction which
outines the requremens for flood resigart design
and construction of structures in flood hazard area.

Baseflood elevation (BFE) i Elevationof the 1-percen
annud flood. This elevation is the basis of the insur-
ane and floodplan managemen requiremerg of the
Nationd Food Insuran@ Program

Building envelope i The enire exteior surface of a
building, including walls, windows, and doors, which
ercloses or envelops the space within.

Capillary action T Wate has goad adheion prop
erties. Wate molecules adhee to surfaces ard to eath
othe. Capillay action commony referred to as
A weking,0 is the process by which wate in liquid form
climbs upward through materiaé in oppdtion to the
force of gravity.

Criticalandessentialfacilitiesi Facilitiesthat if flood
ed would presert an immediae thred to life, pub-lic
health amd safety. Criticdl amd essentid facilities
include but are nat limited to, haospitals, emergeng
operatios centes, wate sydens, and utilities.

Design flood i Thegreate of the following two flood
evens. (1) the base flood, affecting those area iden-
tified as specid flood hazard ares on a communiy&
Flood Insurane Rate Map (FIRM); or (2) the flood
correspondirg to the area designatal as a flood haz
ard area on a communiy& flood hazard mg or
othewise legally designated

Designwind speed i Thewindspealusedtocalculae
design wind loads when designing structures.

Eave T The horizontd lower edge of a dope rodf.

Erosion i Proces by which floodwates lower the
grourd surface in an area by removing uppe layers
of soil.

Floodbornedebrisimpacti Floodvate movingat a
moderag or high velocity can cary floodborre de-
bris such as tree limbs, fud tanks, or vehcles, which
can impect the building and damag building walls
and foundaions.

Floodwall i A long, narrav concree or masonry em
bankmen built to prote¢ land from flooding
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Freeboard T The addtiond height of alevee or
floodwall above design high wate level to prevent
overflow. The increaed elevaton of a bulding
above the minimum design flood level to provide
addtiond protecton for flood levels highe than
the 1-percen chane flood level and to compen
sate for inaccuraies in flood hazard mappng.

Gable end wall T The triangula end of an exteria
wall above the eaves formed unde a gabk rodf.

Girt 7 A horizontd structurd membe tha is at
tachal to sidewall or endvall columrs ard sup- ports
wall paneling

Glazing T Glass or transparen or trarslucern plas-
tic shed used in windows, doors, ard skylights.

Hurricane i Anintersetropicd weathe sydem with
awell-defined circulation and sustained winds of 74
mph or highe.

Levee T A manmae structure usudly an earthe
embakment designed ard constructed in accor-
darce with sourd ergineerng practices to con-
tain, contrd, or divert the flow of wate so as to
provide protection from temporay floodng.

Pier foundation i Verticd suppot membe of ma-
sonry or cast-in plage concree tha is designed ard
corstructed to funcion as an independetrstructurd
elemen in supporing anmd tramsmit- ting both
building loads and ervironmenth loads to the
ground Typicd pier foundaions are con- structed
on footings.

Pilefoundation system Verticd suppotmembe
of wood, sted, or precat concree tha is driven
or jetted into the grourd amd support@& primar-
ily by friction between the pilings ard surround

ing earth Pilings often cannad ad as independein

suppot units ard therdore are often bracel with
connecions to othe pili ngs.

Purlin T A horizontd structurd membe tha sup-
ports roof covering and carries loads to the prima-
ry framing membes.

Rake 17 Theinclined edge of a slope roof over awall
(the edge above the gutter)

Reinforced concrete T Concreg with sted mesh or
bais embeddd in it to increae its tersle strength

Saffir-Simpson Scale T Measures ahurricanés pres-
ert intersity on a 1-5 scalke to give an estimate of the
potentid propery damag amd flooding expected
alorg the coast from a hurricare landall. Wind sped is
the determiniig facta in the scale A Categay 1
hurricare is the weakest, with winds from 74- 95 mph,
ard a Categoy 5 hurricare is the strongest, with winds
over 155 mph

Slab-on-grade foundation i Type of foundatia in
which the lowest floor of the howse is formed by a
concree dab tha gts directly on the ground

Soffit T The undeside of a horizontd elemen of a
building, especidly the undeside of a stair or a roof
overhang

Special Flood Hazard Area i Portion of the floodplain
subjed to inundation by the base flood.

Steel moment frame 1 In sted momen frame build-
ings, the ends of the beans are rigidly joined to the
columrs s0 tha the buildings can resist laterd wind
forceswithout the assstance of additiona braces or walls.

Storm surge i The wate tha is pushed toward
land from the high winds of a mgor storm (i.e,
hurricane)

Tropical storm i A tropicd weathe sysem with ade-
fined circulation and sustained winds of 39 to 73 mph

B-2 SUMMARY REPORT ON BUILDING PERFORMANCE

HURRICANE KATRINA 2005



American Red Cross Standard for Hurricane Evaa-
ationShelteiSelectionARC4496

American Society of Civil Enginees (ASCE) 7-02
2002 Minimum DesignLoadsfor Buildings and Other
Stuctues ASCE 7-02. ISBN: 0-78440624-3.

ASCE 7-05. 2006 Minimum DesignLoadsfor Build-ings
and Other Structues,ASCE/SEI 7-05. ISBN: 0784408092

ASCE 24-05.2006 FloodResistanDesignrandConst uc-
tion, ASCE 24-05. ISBN: 078440818101-Jan-2006

Federd Emergeng Managemen Ageny (FEMA).
200Q CoastalConstuctionManual:PrinciplesandPrac-
tices of Planning, Siting, Designing,Constucting, and
Maintaining Residential Buildings in Coastal Areas.
FEMA Publication 55. 3rd ed May 200Q

FEMA. 200Q Design and Constuction Guidance for
CommunitySheltersFEMA 361 July 200Q

FEMA. 2004 DesignGuide for Improving SchoolSafety
in Earthquakes,Floods, and High Winds, FEMA 424
Januay 2004

FEMA .2005 HomeBuilderssGuideto CoastalConstuc-
tion TechnicalFactSheetsFEMA 499 <www.fema.ge/
fimamatfema49%htm>

FEMA.. 2005 fiProcedue Memorandm 34 - Inter-im
Guidane for Studies Including Levees.d David |.
Maurstad, August 22, 2005

FEMA . 2006 HurricaneKatrinain theGulf Coast:Build-
ing PerformanceObsevations,Recommendationand
Technical Guidance Mitigation Assessnert Tean Re-
port FEMA Publication 549 Publication propcsed
April 2006

FEMA. 2006 Hurricane Katrina Rapid Respons&\ind
Water Line Repat i Louisiana.Task Orde 415 Janu
ary, 30, 206 (Fina report)

FEMA. 2006 Hurricane Katrina Rapid Respons&\ind
Water Line Repot i Mississippi.Task Orde 416 Janu
ary, 30, 206 (Fina report)

FEMA. 2006 Hurricane Katrina Rapid Respons&\ind
WaterLineRepati AlabamaTask Ordea 417. Januay,
30, 2006 (Find report)

FEMA. 2006 RecommendedResidentialConstuction for
the Gulf Coast:Building on Strong and SafeFoundatiors,
FEMA 550 Publication available May 2006

FEMA Advisory BFEs <www.fema.ge/hazards/
floods/recoverydatdkatrina indexshtm>

FEMA Recovery Advisories. <www.fema.ge/fima
matmat katrinashtm>
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http://www.fema.gov/fima/mat/fema499.shtm
http://www.fema.gov/fima/mat/fema499.shtm
http://www.fema.gov/hazards/floods/recoverydata/katrina_index.shtm
http://www.fema.gov/hazards/floods/recoverydata/katrina_index.shtm
http://www.fema.gov/fima/mat/mat_katrina.shtm
http://www.fema.gov/fima/mat/mat_katrina.shtm
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Natond Associaton of Home Builders. 2005 <www.
nahb.org.
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NFPA 5000°: Building Constuction and SafetyCode®,
2003 Edition.

NFPA. 2005 NFPA 225: ModelManufactuedHomeln-
stallation Standad, 2006 Edition.

Nationd Oceant armd Atmospherc Adminigtration
(NOAA). 2005a Nationa Hurricane Centeré Tropical Cy
clone Repart for Hurricane Katrina. Decembe20, 2005
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WholeBuildingDesignGuide.

Nationd Weathe Service (NWS). 2005 Tropical Cy-
cloneRepat for Hurricane Katrina. Nationd Hurricare
Cente. Decembe 20, 2005

Soott, Robett Travis. A latrina®s Deah Toll is Any-
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port Inteim Status Repot 1 of series, Performed
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http://www.nahb.org/
http://www.nahb.org/
http://www.ncdc.noaa.gov/oa/climate/research/2005/katrina.html
http://www.ncdc.noaa.gov/oa/climate/research/2005/katrina.html
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Reconstruction Guidance

Using Hurricane Katrina Surge Inundation
and Advisory Base Flood Elevations

FEMA has preared aseries of Recovery Advisoriesthat presern guidance for design, construction,
and restoration of buildingsin areas subject to coagal floodng and high windsfrom Hurricane Katrina.
FEMA has prepared thefoll owing recovery advisories. Thefirst advisory on using Advisory Base Flood
Elevationsincluded in thisappendlx:

N Reconstruction Guidarce Using Hurricane Katrina Surge Inundaton and Advisory Base Flood
Elevations

n Initial Redorationfor Flooded Buil dings

n Desighand ConstructioninCoagal A Zones

n TheABCsof Returningto Flooded Buil dings

n Attacdhmentof Brick Venea inHigh-WindRegims

N Rooftop Attachmert of Lightning Protection Sysemsin High-Wind Regions
(pubdicationavailadeMay 2006

n Attachmer of Rooftop Equipmert in High-Wind Regions (pulication availade May 2006

n The Useof Fill in Coastal Flood Hazard Areas (pulication availade May 2006

N Reconstruction ABFE Guidarce for Louisiana (pubication availade May 2006

These Advisoriesare availeble onli ne at: www.fema.gov/fima/mat/mat_karina.tm
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