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DIFFERENTIATING BETWEEN WIND AND FLOOD DAMAGE
IN HURRICANE KATRINA
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Neil B. Hall & Associares, 1L.1.C

Absiract - The determination of whether wind or flood
weis  responsible  for building  damage in Hurricone
Kering iy not just a matter of academic curiosirne or 1o
develop lessons learned for improving building codes.
The pavment of win estimated 333 billion in Karrina-
related insurance claims depernds in part on “forensic
investigations” by Architects,  Engineers and  other
ivestigators called npon to analyze fuilure, determine
cause of loss and make recommendations concerning
scope e cost of repuirs.  This paper outlines o
methodology wsed by the author in the fnvestigation of
more than 1,000 Karring related insurance claims where
the cauve of damage was a matter of dispiie befween an
Insured and fnsurer.
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Hurvicane  Katrina, Wind  Damage,  Flood  Dunmage,
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BACKGROUND

The genesis of this paper 18 a presentation to the
American I[nstitute of Architects {(ATA) in San Antonio.
Texas on May 2, 2007 at a symposium ttled “The
Architect’s  Role in Disaster  Preparedness  and
Assistance”. The format of this paper generally follows
the outline developed by the author for Hurricane Katrina
reports, each of which 15 tided “Building Damage
Assessment”™. An aysessmiens 15 a systemic collection and
analysis  of  dam.  documentation,  evaluation  and
recommendations regarding the various portions of an
existing  building  which  are  the subject of the
investigaton. The term avyessment 15 dertved from
ASCE-11 Strucueral Condition Assessimenr for Fyisting
Buildings although the term Building Dameage Assessinent
is used as opposed to Srrucrural Condition Assexsinenr tor
two reasons, First, use of the word “damage™ as opposed
o “conditton” underscores the need to derermine cause.
Secondly, many forensic investigaiors ignore or ivialize
hurricane  damage  unfess 1 ivolves a load-bearing
member.  Finallv, the word “bullding™ 15 used (©
emphasize that the project scope includes an investigation
of root coverings. cladding svstems. architectural tinishes
and miertor pecework and pot just load-bearng structure,
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TYyPES OF DAMAGE

When some part of a building other than the foundation
(Le. its superstructure) survived Hurricane Katrina, the
remaining portions of the building can be physical
mspected.  Occasionaily. and  particularly  with  the
passage of time, these buildings were repatred making site
investigation difficult unless documentation of the loss
condition was adequate. However many buildings were
demolished  before  the loss  conditton  could  be
documented or totally destroved by hurricane loads {wind.
flood or a combinazion of the two) before & siwe
investigation could be performed. This last category
damage has hecome known in the parfance of Katrina
work as “slab claims”, regardless of whether the
foundation system was slab-on-grade. masonry pler.
rimber pile or concrete column (See Figure 1),

In order to understand the cause of slab claim damage,
ideally it is important to understand each of the following:

1y The building’s resistance to both wind and Aood and its
condition prior to the siorm.

2) The grade and oor elevation of the building.

3) The direction. current velocity and wave activity of the
storm surge and the timeline of these events as they refate
to building response.

43 The direcuon, sustained wind speed and gustness of
wind and the timeline of these events as they relate to
building response.

37 A general appreciation of other damage i the
iminediate area.

0) A specific appreciation of what souctural damage
could have beea caused by wind 11 the shsence of tlood,

Ty A specitic apprectation of whar structural damage
coudd have been caused by flood in the absence of wind.
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9 A concluston as fo what structural damage was caused
slication of damaging stomm surge.
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L0y A conclusion as 1o what ensuing damage was caused

viricd prier o the application of damaging storm surge.

METHODOLOGY

The general provisions of Standards such as ASCE-11 are
‘ot intended o De inclusive or prssmpme...omef
s are Aot only parmissible. but are
ong as they are deen cd IeEMHe ang
sufficient comparrsons are available with other recognized
methods™, There is no guarantee that by ollowmg tha
methods ased in this paper that two forensic inwstigamrs
always will arrive at the same conclusion. That will s
disappeinting to those looking for a deterministic l irion
¥

encouraged. s

o

to what s inherendy a probabilistic D"ab'mn_ The
interpretation of facts, creation of viable hypotheses and
application of the ;uc; 1 thod 13 inevitably tied w
the professional experience &ld judzment of forensic
inv L;{'g;uﬂrs 2ach set, wately  distingwshed by their
personal training. experience. and famtliarity with theory.
research literature and available data. To this one should
add the availabilicy of time and cost resources, the
mvestigator's commitment to excellence and even one’s
philosophical approach 10 epistemelogy which weighs
heavily in the debate between the realism of physieal
maasurement and the ideahsm of computer moedeling,
The exploration of subjectve probability and engineering
Judgment (s well coverad by \/u\ (20020

MULTIDISCLINARY APPROACH

A complete investigaticn of Hurrcane Katrina relevant o

the analvsis of building damage r (,guires familiarity with
ad practical knowledge (includin
terrain analysts, flood  plain management,  landscap
design, nrteniiogy, computer modeling and  coastal

hu-dmiuev;w neng of which are alien to the rraditionad
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PEER REVIEW

owhat passes for “peer review” ofien
“supervisar's chop”. The process
I god jeurmals itsell may be flawed

oswell, here possible and time permitiing.
each shab claim analvsis should be peer reviewsd 0 assist
the determination of tum and opuuons leading to a firm
cenclusion as w the couse of damage. Because of the
paucity of data. the final determination of cause can only
be articulated as “the mest likely scenaric”™ based on all
known facts subject w pml‘essmn;i judgment and experi

Opinio.
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Figure 1. Post-Katrina remains of a EC’\Id»FL@ on the
Mississippi Coast.
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the direction and current velocity of storm surge and the
height of waves.

WIND AND FLOOD TIMELINES

One of the carliest timelines made available after Katrina
was produced by WorldWinds, Tnc. (operating at Stennis
Space Center, Mississippt) using ADCIRC (ADvance
CIRCularion), 2 finte element hvdrodynamic model with
applicability for floodplains. The Stenms hindcast used
operational Hwinds data from the Atlantic Oceanography
and Meteorology Lab (AOML) to mode! Katrina storm
surge height ar erght landfall locations on the Mississipp
coast between Waveland and Ocean Springs.  Figure 2
shows the Stennts hindcast for Waveland City Hall.
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The timely release of the Stennis hindcasis into public
domain shortly after Kaumna created 2 popular “buzz”
concerning the timing of wind and Hood. However, the
Stennis hindeasts were problematic for several reasons.
The vperational Hwind data which had served o drive the
hindcast model was later modified. lowering one-minute
sustained wind speed at most locations. The prelumnary
model did not consider inland flooding: consequentiaily
modeled surge hetght along the coast was inflated. The
timeline displayed sustained wind speed while 1gnoring
three-second wind gust activity.

Despite these problems. even a crude understanding that
peak wind speed crossed o particular locaton before
maximum storm surge allowed tavestugators o entertamn
damage scenartos other than ol destruction by storm
surge. The next generation of nmelines by WorldWinds
and other consulting Brms produced more accurate flood
models based on revised wind data and consideration for
flocdplain inusdaiion. These products often included a
comparison of storm surge height and wind sust speed.
Figure 3 shows a hindeast model for Puass Christan, MS
praduced by Accuweather.

WindWater Timetine for 11 Saywood Drive, Pass Cheistizn. M5
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Figure 3. Accuweather Hindeast for Pass Chiisuan, MS.
ProsLEMS WITH DaTA COLLECTION

The I[ovestugater must be familiar with dua collection
techriques mr order to establish a tevel of confidence for
the dam w be used in the analysis. An Tnvestigator may
cite the NWS Tropieal Cyclone Report in order
establish that the maximum wind gust speed measured at
the New Orleans Lakefront Alrport was 86.25 mph at
0653 CDT. But the citation 15 mcoemplete unless the
lovesugaror 18 aware that the auport anemometer failed
before maximum wind crossed the area.

Many Kawina investigators point tw the lack of NWS
reported tornados in coastal Mississippl as proct complete
that no tornados were spawned by Katrina wind bands.
This allegation 1gnores established NWS rules for
reporting a torpado which includes confirmasion by a
ground survey team.  After Katrina, the New Orleans
NWS Office was too busy relocating to Baton Rouge, LA
to dispatch survey teams to Mississippi. Figure 4 shows
mesocyclone signatures detected by Shidell. LA Doppler
radar between 0330 CDT and 0900 CDT. This algorithm
does not detect mesocyclones with a low cloud base, so
more mesocyclones are hkely, NWS Shidell, LA lost
valuable information due (o the electronic overwriing of
collected data alter 0900 CDT.  NWS Mobhile. AL
confinued to operate after the Shlidell instrumentation
faifure, but information coliccted by NWS Mobile was
hampered by the earth’s curvature.

SUSTAINED AND 3-SECOND GUST WIND

Design wind speeds @iven by ASCE 7 fand used i model
building codesy are speeds. pot the
sustained wind speeds associated with rhe Saffir-Simpson
Hurricane  Scale. “Sustained  wind™ 5 wind
determuined by averaging observed values over a given
period of nme, The Navonal Hurricane Center (NHC
uses a b min averaging nme for reporting sustalned wind
observed or estimated 10 have occurred at o standard
metenroiogical hetghe of 33 feet in open exposure. (The

3-second  gust

speed
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Shortly after ¢

e release of the Stennis hindeasts, NOAA

published a wind : (Figure 3) on s Katrina
ssite (www.nedde.noan um/}(.nnm;"‘\lmlSw ddTupd.

The map depicted p eust speads compiied by

FEMA and mupped by Forest One. o privale mapping

e ‘ni any.  NOAA commentary accompanying the map
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The w speed values depicied on this map represens
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aired were derived from the Adastic C)r,'f’ml:!"“
Meworsiogy Lab Hwinds models cid in sitn observarions.
Tese modely wre preliningey and experimenral. Lorer
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vorgd values recorded from official wind starions.
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The NGAA commentary which accompanies the revised
wind gust map states:

NOAA conducted grownd and werial dumage survevy in
purts of southeast Louisiona, Mississippl and Alabuama. A
blend of these survevs along with recorded gust values,
and  the aver-water portion of NOAA's Hurricane
Research Division wind analfvsis, was wrilized 10 prodiuce
this wind gust anaivsis prodict. The unalvsiy depicts 3 1o
3 second wind guse values with the covear that local
effects cun easily resulr in o +/- 13%
valnes af any one {ocamion.
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ELEMENTS OF THE FLOOD INVESTICATION

Many Katrina repo assert food as the cause of damage
but provide no mfum ait other than data showing that
storm surge reached a pnrticulaz' height. This assertion
ignores the possibitiey of wind dama wring hetore
F because

+F wind and

the building was attacked by stormy surze. vsuall
rdees aot

the il‘[‘f&.iug consider the

flood as separat in order w ue[»;‘mine the acluul

dam ge Jl ised

ffect of “'\ MO

course of analysis i 15 dl\u 5

the 2ffecr of ‘M wl o

th

Hyvprostatio Froon Loan

a “e"fn,, g

sstatic forees ar

apact wiin
“lateral hydeo

"Fdﬁl thar
o cause deflectic
or huilding  compone
wial difference in water elevatlon on
of 'Em building or component”
During Katrina. the

waler 10 rise aside most huildi

[
s
[l
w3

slow rise
almost ag quickly as
rose ourside, As a rasult of s pressure egualization, faw
wails were damaged by hydrostatic lead. A dramati
idiuseration of this effect s St B ish, Louistana
whers — except for argas near e ¢ subject to
windwénduceil Wiy 5
{foad component. Although most groperties in St. Bernard
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Since  hydrosiatic load  can he
underneath homes which

appiied  wvertically
are not constructed on concrete

slab foundations. it is important © consider the building's
resistunce o vertical hydrostatic food uud buoyancyl.
However, it a building lacks strapping or other featurss

designed o resist bucvancy. then likewise Lh\. bullumo 13
poorly constructed to resist lateral. overurning and uplift
effects of wind, Whatever resistance factor 18 considered
for food must be considered for wind along with a
determination as to proper sequence of load application.

HypropynNaniiC FLoop Loab

Waler flowing arcund

a buil dino Of sHucture imposes
additional {oads includin g

frontal impact foad, drog effect

on the building sides and suction on the dowastream stde,
Hydroedynamic load is a factor of current velocity.
r:umbn_ geomerry and angle of attack. ASCE 7 considers

water meving ai velocities less than 3 fifsec as hydrostatic
foad. Where waler velocities do not exceed 10 ft/s. ASCE
7 oallows the dyvnamic effzcls of moving water o be
cenrverted into eguivalent hydrosiatic feads. Grearer than

[0 f/s. o dedled .Iml_vsis utilizing concepts of fluid
mechanics is en
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Hurmcanes Center medei showing 2.0 /s currant velacily
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ef hias not been release d pu lic
cate a
maximuim current veleelty about 10 fus i the Baci{ Bay
of Brlexd and 12 £1/s in St Lowss Bay near Diamondhead,
MS. ackn‘g measurad or modeled data surface current

can be approximated using the 3% rule™. Le. the surfa
current is approximately 3% of the wind speed (Hsu

2603b)

g - Braick-veneered house in Chalmette. LA arer
recession of -9 feet of flood water,

WAVE ACTION

Picture taken from 3rd floor window at
8¢, Stanisiaus whesn Katring came In.
A couple blocks from the Firedog

Figure 8: Blog photo purporting to show const of Bay St
Louts during Hurricane Katrina.




Nearshore and onshore significant wave heights modeled
by programs such as SWAN and STWAVE tended w0 he
higher than observations reported by eyewitneszes,
possibly  because  wave  propagation and  generation
sigmficantly altered by surge in shallow wedands and
rougher vegetation cover onshore were not accounted for
in the models.

FLOOD DEBRIS IMPACT

Impact toad from Aood debris must be considerad as well
as impact load from wind debris.  An understanding of
Hood debris impact load must include the type and weight
of debris, surface current velocity, required dralt for large
objecrs such as conrainers and paper rolls. and time of
flood versus wind. Figure 10 shows a trailer hitch which
travetled from the Gulfpert Port Facility.

Figure 10: Flood debris in Gulfpon, M

DESKTOP ANALYSIS

A deskiop comparison of the bulding condition before
and after Katrina is conducted before the site investigation
occurs.  Ideally the following list of documents is

reviewed. [n reality oot all of these documents can be
assembled:

Iy Phone interview with homeowner,

23 Satellite photos before and after Katrina,

3y High and low oblique aerial photography,

41 street maps. wpographic maps. Hood nundation maps.
Flood Insurance Rate Maps (FIRM) and Flood [nsurance

Srudies (RIS

31 Appraisais. Twx Assessor records and photographs.

6} Engineering reports, construction plans. Certificates of
Elevapen, Letrers of Determunation and  apphcable

buiiding codes.

Frgures 11 and 12 compare pre- and post-Katrina views of
an elevated wood-framed residence in Diamondhead. MS.
The construction type, building geometry and use of
materials are clearly defined. Vertical dimensions can be
estimated by counung the siir treads,  Frgures 13 and L4
compare pre- and post-Katrina views of Henderson Point
1 Pass Christian, MS.

Figure |12 Diamondhead residence before Katrina.

Figure 12; Diamondhead residence after Katrina.
FIELD INVESTIGATION

Field investigation is essential except for the rare case
where the sit2 is inaccessible. such as due w resale and
lack of cooperation by the new owner, The investigation
should take into account “"not only the structural damage
w the facilities but also.. proper consideranion w the
surroundings. including the character of the debris fields
and the response of the vegeration and trees to the wind
and/or storm surge forces” (Kitkarh, 2007 Ground
tndicaors which assist the investization include high
water marks. wind debriz fields. florsam lines. and
buitding damage such as benr anchor bolts and plumbing
pipes.



Figure 13: Henderson Point, MS

Figure 14: Henderson Point. MS after Katrina
HiGH WaTER MARKS

The highest quality water marks are stllwater marks
{mudiines and debris marks) which do not show evidence
of wave run-up or chimb.  In areas near the coastline it is
difficult 1o find surviving structures fer alone stillwater
marks inside or cutside of structures. Field daia published
by FEMA s available. For a complete miethodology see
hf.f'ﬂ.'//W‘a‘."W.fﬁlTlZLQO‘//‘haZarda}ﬂOOd/]'ECOVLWdde./!\ﬂ{['lﬂd/x\
atring _ms_methods.shindmethodology0l

ANCHOR BOLTS AND PLUMBING PIPES

Often LW mi‘ huilding components
are ancher

stair, nails prormud

Hning df 3 siab-

and Pl

pulldozers.

EEN iV ESLL

acd s

‘Im wdcun p’ oduce
e of aack and anchor potd
b the structurs rotates

WinD DEBRIS FIELDS

ebris fallout helps an investd
amiponents and contents {1t

wind., Saow et

(_fP!u"
11’.:1&3 g
(_1‘99\.; esL 1h \% d 2
after wrnadic windsto
the lofting dymmacs or ternadas embcdd d in Gi
hurricanes has oot been studied, Snow's study |
only to reach a general undersianding that extreme wind

can  carry  objects  varving in weight and  size a
considery distance. i huilding components and
contents iterns from inside the bullding are found at
considerable dismince from the property lot, ﬁmppm their

o
location cun help determine 1if the ttems were ransported

by wind or flood

irection of removed

Figure 1:
wall,

. Plumbing pipe beatin ¢

wind debos after Hurrleane Kaming was
&7 n'zt‘.wal andd retocavon of ems by
can-up crews and LAI‘lJ.L!

g el oy

Compene:

o B

g Rave

Sucgasslully
'-\rw'l o

=and denr BT

FLOTS AN LiNEs




govermment agencies.  Uncrical analyvsis of farge-scale
panoramas conveys the impression that a tsunami-like
wall of water “bulldozed” everything including entire

bullding structures inland. Close physical inspection of
g pi I

flood debns Hnes reveals a tangled mass of Hotsam
consisting  of  dimensional lumber, roof  sheathing.
building siding and buoyant items such as refrigerators.
and ice chests. It iz unclear from the physical evidence
whether the buildings were undamaged by wind before
storm surge transported the construction debris infand. h
also is unclear how much of the building debris resulied
from wind before the arrival of storm surge.

Figure 16: ltems found 100-300 feet from a residence in
Diamendhead, MS.

TREES AND OTHER VEGETATION

Knowledge of wees and other vegetation 1s useful to
determine the direction and speed of wind and flood.
Damage paterns (o large groups of trees (Figure 17)
strongly suggest tornade or microburst activitv.  For
tactors intluencing treefall msk in windstorms see Francis
(2000} and Pererson (2006}

A sumple rule is o Joek for a fallen tree (preferably cne
which remains rooted 1w the ground o esclude the
possibility it was transported by storm surge) across a
concrete slab. [n such case. obviously the building
structure was removed by some hurricane force before the
tree fell. The drrection of geefall indicates the direction
of wind at the time of fatlure which can be estabiished
frem metecrological records. If the rreefall ocourred
before the arrival of damaging storm surge. a conclusion
can be resched that wind removed the building siructure,

The rule-of-thumb that removed burk indicates damage
caused by flood debris should be used with caunon.
Wind siress also can remcve bark, Figure 18 shows bark
removed from atree 300 feet north of the further advange

of storm surze in Gulfport. MS

Figure 17: Tornado or dow ctl‘i[y In Pass
Christian, MS.

Figure 18: Bark removed from tree 500 feet nomh of
flosam line in Gulfport. MS.

THE ENHANCED FUJITA SCALE

The Enhanced Fujita (EF) Scale was developed by the
Wind Science and Engimeering Center at Texas Tech
University (TTU) under a cooperative agreement award
with the National Institute of Standards and Technology
{E-F Scale, 2006 Starting February 2007 the National
Weather Service (NWS) mittated EF-Scale training for all
personnel involved 1in ground surveys of tornado dumage.
Recognizing s importance as an analviical tool. the
author has employed the EF-Scale in abour 1.000 Katrina
slab tnvestigations since 2005, Other investigators using
or ¢endarsing the EF-Scale for hurricane analyvsis 1nclude
Norman €2007) and Rogers (forthcoming .

USING THE EF-SCALE FOR TORNADOS

The BF-Scale uses 18 damage dicators easily identified
by ground survey teams nciuding buildings (¢.x. one or
two-story  residences.  elementary schools and  metal
butlding  sysremsy structures  fe.g. HNSIEUSson e

towers and  free-standing light poles) and  vegewtive
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various wind gust speeds versus Hood load including
current velocity and wave activity. The elevation of floor
fevels i3 necessary fo determine the time when storm
surge first damaged the building - assuming it remaned
intact un: that point in time.

The practice of assigning the wind speed rating of a
residence which survived Katrina to a neighboring slab
claim should be used with extreme caution.  The EF-
Scale is intended for application to an individual building,
structure or other damage indicator (D) and specifically
warns that “members of the [EF] Forum were very
specific in their opinion that a single building, struciure or
other DI should not be used to rae a tomado event
Several DlIs should be considered in assigning an EF-
Scale rating to a ternado event” (EF-Scale, 20063, The
warning 1s even more applicable 1o coastal hurricanes
where the only neighboring Dis are buildings thar
survived both wind and flood oads. [t is presumptuous 1
assume  that  buildings that did not survive were
undamaged by wind and wholly damaged by flood. It is
reasonable 1o assume that buildings closer (o the coast
were damaged by wind to a greater extent than buildings
fuither from the coast.

Not enly may the degree of damage of buildings m the
same neighborhood vary due to differences in resistance
factors based on design, code application, construction
techiriques and maintenance but the degree of damage
may varv due 0 temporal and spatial differences in the
wind stream.  As well put by Dr. Robert Simpson in a
1991 interview, “...if you've ever survived damage after
a hurricane you know that one block of houses may be
almoest totally destoyed, and two biocks w either side
there will be little damage at ail. . it"s the difference in
ihe hurricane. not the difference in the engineering that
caused the difference in the amount of damage received”
{Simpson, 1999),

CRITICISMS AGAINST USING THE EF-SCALE
FOR HURRICANE ANALYSIS

Use of the EF-Scale for hurricane analysis is subject to
two major criticisms.  First. the EF-Scale “is {at best) an
exercise in educated guessing” (Edwards. 20073, But o
paraphrase  one respected  meteorologist’'s  comment
concerning the original Fujita scale. while the EF-Scale
may not be perfect, neither is it chopped hver. TTU used
an expert elicitation process relving on the subjective
Judgment of a hand-picked panel of architecs, engineers
and meteorofogists. The second argument against using
the EF-Scale for hurricane analysis 1s that it was designed
for ornado damage bur not hurricane damage. However,
as Marshall (1993 mforms us. “Damage survevs by
MeDoenald and Marshall 1983} after wornados and Savage
[ L9841 after hurricanes have revealed the same tvpes of

building response regardiess of the phenomenon creating
the wind.”

Arguably ene important difference between tornados and
hurricanes exists, The translational velocity of a Plaing
tornado is 30-60 mph; a typical Plains tornado crosses a
suburban property lot in 2-3 seconds. Phan and Simiu
(1998} found that the 1997 Jarrell. TX tornado which
wiped residences from thewr foundation slabs traveled
slowly at 3-10 mph and concluded that the tornado was
act an F3 event with tornadic winds between 26G1-318
mph as onginally catculated but rather an F3 event with
tornadic winds between [38-206 mph. From this it is
concluded that wind events of longer duration result in
greater damage o building structures than the same wind
events of shorter duration (Marshall, 2002).  Since
Hurricane Katrina wind attacked most coastal residences
for hours before the amival of storm surge during which
ame hundreds if not thousands of debilitating wind gusts
impacted the building structure, it follows that the wind
speeds used in the EF-Scale {which are based on
empirical observations of tomado damage) represent 3-
second wind gust speeds higher than those necessary to
cause equivalent building damage during a hurricane with
repetinve gusis.

ONGOING RESEARCH AGENDA

The main thrust of this paper has been to demonstrate a
methodology for the investigation of  Katrina “slab
claims™ defined as buildings totally destroyed by
hurricane loads (wind., flood or a combination of the two}
before a site investigation could be performed. In the
course of developing the method. a review of theoretical
liserature left unanswered many questions brought to
mind by empirical investigation. Three areas uy particular
require will be the focus of conlinued research by the
author:

WIND EFFECTS AT THE COASTAL BOUNDARY

Exposure D 15 defined in ASCE-T as “flat. unobstructed
areas exposed to wind flowing over open water”
extending mnland from the shoreline a distance of 1,500
feet.  Since ASCE 7-98. shorelines in hurricane prone
regions are excluded from Exposure D based on research
indreanng that the aerodyvnamic roughness of ocean waves
in a hurricane approaches Exposure C (Vickery and
Skerlj. 2000}, More contemporary research suggests that a
foam laver at the wind/wave interface causes a reduced
drag coefficient 10 hurnicanes  (Powell, Vickery &
Reinhold, 20035 Should Exposure D be restored for
shorelines in hurricane prone regions?  In the case of
Hurricane Katrina, does the relative smoothness of flood
inundated land approximae Exposure D7 Would coastal
buildings designed for Exposure C have fared bewer if



they were designed for Exposure D and does this in part
explan the damage pattern along the coastline?

FACTORS INFLUENCING TREEFALL DURING
HURRICANE EVENTS

The EF-Scale inciudes Damage Indicators for hardwood
and softwood rees. Rigid vegetation is perhaps the most
ubiquitous structure on the coastal landscape to survive
ihe effects of wind and flood. A better understanding of
how factors such as tree species, age. diameter, height
leaffstem type and root placement refate to tree damage
and treefall in hurricane events would greatly benetit the
analysis of wind and flood.

LOCAL CONSTRUCTION AND BUILDING CoDES

A key aspect of failure analysis is an undersianding of the
interrelationship of load factors and resistance factors. A
frustrating  assignment for all investigators was the
attempt to determine the noture of connections in order (o
best understand the resistance factors of a particuiar
building structure. Most probabilistic models currently in
use assume that building stock generally complies wiih
current building code requiremnents, yet absent a set of as-
built construction drawings. no better than legacy building
codes and contemporary practice can be assumed,

SUMMARY

While not every aspect of this paper is applicable to every
stab claim investigation, the methodology offers a broad
spectrum of analytical tools and satisfactonly employs
hoth inductive and deductive reasoning in the course of
the investigation.  Structural analysis and probabilistic
models are ideally suited for the purpose but most ofien
are hindered by a lack of construction knowledge peculiar
10 the investization. Key to the methodology offered in
tnis paper is a rebust acceptance of the E-F Scale as an
analytical ol useful in the analysis of wind damage
caused by landfalling hurricanes along the Gulf Coast.
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