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Abstract

The Florida Coastal Monitoring Program (FCMP) ieeaearch program in the U.S. that deploys portable
instrumentation in the path of landfalling hurrieanto collect wind data. The primary objectiveas t
guantify over-land near-surface hurricane wind g#joand uplift loads on residential structuresngsi
full-scale experiential methods. The program isnspoed by the Florida Department of Community
Affairs and NOAA, and consists of contributors frahe University of Florida, Clemson University,
Florida International University, Florida Instituté Technology, and the Institute for Business Hiothe
Safety. The research goal is to help reduce hureieeind damage to residential structures by progdi
‘ground-truth’ data about the intensity of the winlde resultant loads on residential structured, tae
performance of these structures in high winds.

The full-scale hurricane data measurements areuobed with two separate data collection systems. Th
FCMP deploy portable weather towers to capturéhtiveicane wind field behavior at 5 and 10 metess, a
well as temperature, humidity, rainfall and baramegpressure. This data is disseminated in read-tin
the public domain via the FCMP web ditigp://www.ce.ufl.edu/~fcmp The second system uses pressure
sensors to collect wind pressure data on the mioé&cupied residential structures along the Fioadd
Carolina coastlines. To date, 32 houses along litiédk coastline, 4 along South Carolina, and 2xglo
the North Carolina coastline have been outfittetbteive these sensors. The data from this howssersy
provides full-scale, in-situ datasets for comparigoth wind tunnel model studies of the subject bem
as well as the ASCE-7 wind load provisions.

During the hurricanes of 2004 and 2005 the FCMBrdaxd several datasets from homes that experienced
sustained hurricane level winds. A total of sixtéemmes were instrumented during three of the 2004
storms, and six homes were instrumented over threens in 2005. Nine of these homes collected
pressure data in sustained hurricane level winfisstain experimental wind engineering. Detaildlveie
provided regarding the deployment of the portableetrs and the instrumentation of the coastal homes.
Preliminary analysis of this full-scale data wik Ipresented along with comparison with wind tunnel
models. Implications regarding the current statkrnmiwledge of extreme wind loading will be discukse
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1. Introduction

The FCMP was initiated in 1999 to provide the wardjineering community an improved understanding
of wind loading on low-rise structures. Initial effs started at Clemson University (CU) and the
University of Florida (UF). At present team effodkso include Florida International University (FIU
and Florida Institute of Technology (FIT). Fundisgpport has been provided by the Florida Department
of Community Affairs (DCA), the National Oceanic caitmospheric Administration (NOAA), the
Federal Emergency Management Agency (FEMA), Flofda Grant, South Carolina Sea Grant and
Institute for Business and Home Safety (IBHS).

The FCMP full-scale data collection system consi$tsvo separate systems, known as the FCMP towers
and FCMP Houses. Other related FCMP activitiesuhelpost-event damage evaluation, which provided
crucial data to relate winds speed to damage, apdaity testing of house components in-situ touaital
retrofit effectiveness.

1.1 FCMP Towers

The FCMP consists of an inventory of six portaldevdrs designed and built at Clemson University
(Poss, 2000). The towers are located at the Uniyeo$ Florida where upgrades and maintenance is
performed. In 2003 the towers were upgraded withulee data transmission capability, relaying

summaries of wind information to a public websitery 15-minutes during landfall. In 2006 this real-

time system is being upgraded with satellite tramssion capability, using NOAA’'s Geostationary

Operational Environmental Satellite (GOES) to pdeviedundant reliability. Meteorologist, engineers,
researchers and the public, benefit from this meseaffort by accessing the data summaries viectire

data transfer or remote accessing thru the FCMPsitelathttp://www.ce.ufl.edu/~fcmp

The FCMP mobile towers (Figure 1) are designed &ztnU.S. Department of Transportation (DOT)
requirements for transport as a conventional aflad withstand peak gust wind speed of 90 m/8 (20
mph). The FCMP tower mobility and easy assemblpi@dmately twenty minutes by a three man crew)
allows the deployment in almost in any terrain esgpes condition.

The tower sensors are located at 3, 5 and 10 mdataeacquisition system measures 3D wind speed and
direction at the top two levels and collects terapge, rainfall, barometric pressure, and relative
humidity data at the tower’'s base. Two RM Youngraometry system, a wind monitor and a custom



array of three gill propeller, collect data at t®&m level, which the World Meteorological Orgariaa
deems as the standard wind speed observation hgigiecond array of gill propellers collects wiratal
at the 5-m level to measure winds at the approxreave height of a single-story home (Masters, 2004

The data acquisition system consist of two separaeputers systems. The first consists of a PC that
collects the data at a sampling rate of 100Hz,sto it on two separate hard drives. The secosigisy
consists of a laptop computer that collects the @atsampling rate of 10Hz, and stores the dataant
single hard drive. This system was incorporatedhia 2003 hurricane season and it is responsible to
connect to the internet via cellular modem and aghlstatistics summaries (Masters, 2004).

The FCMP extensive tower database contains hundrietieurs information collected during Tropical

Cyclones: Georges (1998), Dennis (1999), Floyd 91.9®ene (1999), Gordon (2000), Gabrielle (2001),
Michelle (2001), Isidore (2002), Lili (2002), 1sdbg003), Bonnie (2004), Charley (2004), Frances
(2004), lvan (2004), Jeanne (2004), Dennis (20Qal;ina (2005), Rita (2005) and Wilma (2005).

1.2 FCMP Houses

The FCMP full-scale house data collection reseaottsists of measuring wind pressure data on thie roo
soffit and walls of residential houses. Home owragnee to collaborate with the FCMP in exchange for
retrofits to their houses to help mitigate hurrieasiamage (e.g. replacement of roof covering, wind
resistant shingles, wind and impact rated garagersdoamong others). The current FCMP house
inventory contains a total of thirty-two housesRtorida, four in South Carolina and two in North
Carolina. Figure 3 shows the distribution of theeases. The location of these houses had beenlbpref
selected using the historical frequency of landiFfiglhurricanes in these regions. The homes areesba
at intervals of 16 to 24 km (10 — 15 mi), and margt within 1.5 km (1 mi) of the coastline. Typigatlhe
houses are one or two stories tall, have compassgiongle roof covering and the surrounding areeas a
suburban and relative free of tree cover.
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Figure 3: FCMP House locations along: Florida, Sodt Carolina and North Carolina

The patrticipating houses are prepared during theezson. This consists of installing brackets
to attach the sensors to the roof, and exteriomgito connect the sensors to the computer
system. Figure 4 (a) shows the wires for the imtliali sensors, and 4 (b) shows the plastic



piping containing these wires, installed underdlierhang. All of the wires meet at a disconnect
box shown in Figure 5 (a), to which the computdiadallection system is attached (Fig. 5-b).
The pressure sensors are mounted on the roof hencbmputer system is installed, within days
of an approaching hurricane, and retrieved immetjiafter the event.

The computer is contained in a 60" Steel Jobsit& Bleown in Figure 5 (b). The inside is
customized to accommodate a PC, CPU batteriesr¢gtode up to 24-36 hours of power), time
lapse VCR (to record images of the house duringstbem) and miscellaneous tools. The box
final weight is around 300 Ib, heavy enough togekigh winds.
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(b)
Figure 4: (a) FCMP personnel prepares cables (b) RY piping system
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Figure 5: (a) House Disconnect Box (b) House Compart Box

The data acquisition system measures data at disgmate of 100 Hz. The data is stored digitatijoi

two independent hard drives every 15 minutes. Tiblel finstrumentation consists of a maximum of
twenty eight Microswitch 142 PC-15 absolute presstransducers. Reference pressure sensors are
located inside the house attic, and at ground lewslted in the camera mounting base plate. Intiadi
many houses have a 3-cup-anemometers installed4nnehes extension from the roof eave.



The sensors are sheltered in a 12 in diameter alumpan (roof) or square plastic box (soffit),
distributed along the roof, soffit, walls and camenounting base plate (Figure 6). Detailed
technical information is presented by Michot (Mith®999), some of the most relevant points
are: voltage signal resolution of pressures to @®.0sf, there is an offset voltage unique from
sensor to sensor, and the transducers are senititeenperature changes. Michot reported a
temperature adjustment factor of 0.0144 Volts/°F dosensor circuit of sensitivity of 20.6
psf/Volt. All of this information is accounted far the analysis of results.

(@

Figure 6: (a) sensors mounted on roof (b) sensor moted on wall

Extensive analysis of the FCMP full-scale housdsa dallected during hurricane Frances (2004), lvan
(2004), Jeanne (2004), Dennis (2005) and Wilma %2@® currently underway, and some preliminary
results along with wind tunnel model comparisony e presented at this conference proceeding in
another paper by Dr. Prevatt (Clemson Universitfjs paper will include some of the assumption made
in order to analyze the full-scale data. The subie@a house instrumented during Hurricane Ivan in
Pensacola, FL.

2. FCMP house full-scale data collection

FCMP personnel actively monitor the National Huarie Center (NHC) bulletins during the Atlantic
Hurricane Season. When a hurricane threatens thibkestst coasts of the United States, FCMP personnel
prepare to deploy mobile towers and setup theunmsnted FCMP houses. The house setup process
requires a crew of at least four people; this tasdccomplished in a time frame of three to founrsmer
house.

The FCMP house database contains valuable infawmé&tir the wind engineering community. The 2004

effort is the first true sustained hurricane wingegsure data collected on an occupied residential
structure. Previous to that the FCMP captured wiressure data in two houses during tropical storm
Isidore (2002). Additional information of the ansily and wind tunnel modeling for this event are

provided by Dearhart (2003). The most current detabcontains wind pressure data for the following
hurricanes: Frances (2004), lvan (2004), Jeann84§2Mennis (2005) and Wilma (2005). Table 1

summary the FCMP house database for such evergsm@ilk wind speed indicates the highest recorded
3-second gust at that house location.



Table 1: Summary of FCMP House database 2002 - 2005

Local Exposure | Open Exposure
Measured Estimation*
House | Max Wind Speed| Max Wind Speed
Storm | Year H';(jgﬂePID City, State N':renct:)e:jgf Start Time (UTC) | End Time (UTC) Anemometer (mph) @p (mph) @ 1Fc))m
Heigth (m) | Anemometer Height
Height Z0 =0.03
3-Se. | 1-Min | 3-Sec | 1-Min |
sidore | 200 FL-27 Gulf Breeze, FL 165 9/25/2002 21:4520 9/27/206215:09 6.553 54 28 N.A. N.A.
FL-25 Mary Esther, F 15¢ 9/26/2002 01:09:C | 9/27/2002 17:08:% N.A. N.A. N.A. N.A. N.A.
FL-06 Jensen Beach, FL 142 9/5/2004 14:04j10  9/7/2Q039004 7.062 91 58 106 86
FL-04 Vero Beach, FL 101 9/4/2004 21:54:10  9/5/2009823 N.A. N.A. N.A. 105 86
Frances | 200¢ FL-03 Vero Beach, FL 175 9/5/2004 14:58:23  9/7/200413(R7 N.A. N.A. N.A. 105 86
FL-02 | Melbourne Beach, FL 271 9/3/2004 10:50:40  9/6/206:44:03 N.A. N.A. N.A. 97 79
FL-01 Melbourne, FL 317 9/3/2004 02:14:37  9/6/2004 058 N.A. N.A. N.A. 87 71
FL-30 Pensacola, FL 219 9/14/2004 23:19428 9/17/20020083 6.553 109 65 114 93
FL-28 Pensacola, FL 185 9/15/2004 01:56{23 9/17/20022003 N.A. N.A. N.A. 105 85
lvan 200 FL-27 Gulf Breeze, FL 211 9/14/2004 20:04{33 9/17/20044:03 6.553 82 45 97 79
FL-26 Navarre, FL 247 9/15/2004 13:22:B2 9/18/2004 033 6.096 59 32 89 73
FL-24 Destin, FL 314 9/13/2004 19:23:83 9/16/2004 1&4 6.096 56 31 78 63
FL-23 Destin, FL 303 9/13/2004 19:37:39 9/16/2004 234 6.096 57 32 75 61
FL-02 | Melbourne Beach, FL 200 9/26/2004 17:2519 9/28/219:38:55 N.A. N.A. N.A. 101 82
Jeanne | 2008 FL-01 Melbourne, FL 115 9/25/2004 03:16:p7 9/26/20000315 N.A. N.A. N.A. 92 75
FL-31 Melbourne, FL 177 9/25/2004 20:34:p9 9/27/2004965 N.A. N.A. N.A. 87 71
FL-32 Merritt Island, FL 161 9/25/2004 22:51:1| 9/27/2004 15:14:C N.A. N.A. N.A. 79 64
FL-24 Destin, FL 130 7/10/2005 11:31:13 7/11/2005 188 6.096 59 28 N.A. N.A.
Dennis | 200% FL-26 Navarre, FL 149 7/9/2005 16:24:92  7/11/2005 0%&8! 6.096 43 22 N.A. N.A.
FL-23 Destin, FL 173 7/9/2005 21:22:E | 7/11/2005 16:47:% N.A. N.A. N.A. N.A. N.A.
wilma | 2008 FL-18 Marco Island, FL 189 10/22/2005 18:31:47 10/208207:59:3 6.096 77 46 N.A. N.A.
FL-19 Naples, FL 176 10/22/2005 20:25}27 10/24/2003867 N.A. N.A. N.A. N.A. N.A.
FCMP house database contains 1025.75 hrs of dateé&jor storm deployments during 2002 - 2005
*Estimation performed by Applied Research Assosipgametric hurricane wind field model (Vickeryak 2000)

2.1 Data processing and analysis

The data processing requires exporting each fite WSCII format, which is then converted into
MATLAB format for easy manipulation. In order toayze the data a series of consideration need to be
addressed. First, each data channel is validatedshglly analyzing the time history of the raw tage
measurements to provide a list of the functioniegsers. Secondly, a reference pressure sensor is
selected using either a sensor installed in the, @tie sensor located in the camera mounting bass
from the house, or from a nearby mobile tower. Thidentify a nearby FCMP mobile tower or local
ASOS station to access temperature time histoiy,sirequired in order to apply correction chandes

to temperature effects on the pressure transduEersth, identify a source of wind speed for the
expected value peak 3-Sec gust. Various sourceavaitable for this: (a) using the 3-cup anemometer
mounted on the house, (b) from nearby mobile toweasurement applying the proper adjustment for
exposure and height or (c) by using overland wialdl imodel estimations.

The pressure differential needed for calculatiothef pressure coefficient can be computed usingobne
two equations, depending on the dataset conditemsation (1) is used for the case where the natere
pressure is obtained from the attic or camera senaad the second equation (2) for the case where
reference pressure is obtained from a nearby tower.
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Where, (all pressures are in psf):
. V(t)i, voltage for channel @ timet for: 15min Mean value, Max and Min moving averdge
durations of {10Hz, 5Hz, 2Hz, 1Hz, 1/2Hz, 1/3Hz}
+ Vo, voltage for channel@ timet, (15min Mean) pre-storm data

0.0144 j
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. V(t)REF, voltage for reference channel @ tim@5min Mean)

* VOg, voltage for reference channel @ titpél5min Mean) pre-storm data
+ ATemp[°F], temperature change from between tigandt

* a; [psf/Volt], sensitivity factor for channgl obtained from sensor calibration test
. P(t)REF, atmospheric pressure @ timpérom Tower Data (15min Mean)
* POy, atmospheric pressure @ titgefrom Tower Data (15 Min Mean) pre-storm data

The mean, root mean square RMS, maximum and minirpeaks pressure coefficients are then
calculated using equation (3), whe¥go is taken as a constant value of 0.00256 whichgtsflthe mass

density of air for the standard atmosphere i.eaptrature of 59 °F and sea level pressure of 28chs
of mercury and dimensions associated with wind dpeenph.

oplt) =-220)

T VR 3)

3. Preliminary Results of FCMP house FL-27 during Hirricane Ivan (2004)

The FCMP house FL-27 is located in Gulf Breeze gbproximately 40 mi ENE from the landfall site in
Gulf Shores, AL. Aerial pictures of the house areven in Figure 7 (Courtesy of Google Earth Pragpal
the sensor layout configuration is provided in F&g8. The FCMP collected 52 hours of data pricard
during the storm landfall. The dataset consist bfiihctioning pressure sensors, two of which were a
attic and camera sensor. Local wind conditions veaqgured with the house anemometer located 4 ft
above the ridgeline and 21.5 ft from the grounddifidnal meteorological data is available from mebi
tower T1 located at Pensacola Regional Airportabproximately 11.5 mi NW of this house. The tower
data provided the temperature changes and windtdiresince the house anemometer did not record the
wind direction.



s oy 5
Google 2 Google

Figure 7: Aerial Pictures of FCMP House FL-27 in GUf Breeze, FL
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Figure 8: Sensor Layout configuration for FCMP Houe FL-27

For this dataset the instantaneous pressure diffatés calculated using equation (1), and thesguee
coefficients are computed using equation (3), fachel5 min segment. In earlier full-scale vs. wind
tunnel model comparisons by Dearhart (2003), thamand RMS pressure coefficient are fairly easy to
match, but this is not always the case when comg@dhie maximum and minimum peaks, taking this into
consideration the maximum and minimum peaks argotea for various time duration of 10, 5, 2, 1, 1/2
and 1/3 Hz. The pressure coefficients presenté&tigures 9 and 10 correspond to 3-SecGust wind speed
greater than 50 mph and wind direction swath off&0t 100° to 150° measured from north. Figure)9 (a



and (b) shows the 15 minute mean and RMS presagificients respectively. Figure 10 (a) and (b)

show the minimum and maximum peak pressure coefficespectively.

Pressure taps in locations 6 and 7 exceeded thanmim negative ASCE 7 pressure of -2.6. Any
conclusions regarding full-scale vs. wind load jsmn loads will follow extensive additional analy®f

this and the other datasets collected on multipleses during the 2004 and 2005 hurricane seasons.
Clemson University is currently conducting the flatavind tunnel studies of each of the subject Bem

that measured sustained hurricane level winds.
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Figure 9: (a) 15 minutes mean Cp (b) 15 minutes RMSp
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Figure 10: (a) 10 Hz Peak Min Cp (b) 10 Hz Peak Ma&p

Currently on going work is being conducted by théhar in order to quantify the error in the fullade

data sets down to the fact that the temperaturagehased to apply the correction is obtained from a
nearby weather station or FCMP tower; this willarmorate some error due to the local effects that

possibly will cause temperature change on bothilmes simultaneously. The other scenario is dudeo
human error for the reason that in some casestisos have not been properly identify an the cafibn

factor as been assigned as the average value ethtliom the calibration test performed approximatel

on 200 sensor, this will need to be investigatedind a range of possible outcomes by varying the
calibration factor assigned. Finally the estimatioh the 3-sec wind gust might be achieve by

implementing different techniques and assumptitiis will providing a range of the maximum 3-sec



wind gust for the each studied case. All this patems combined offer diverse ranges of pressure
coefficients for any 15 minute segment, thereforargge of uncertainty need to establish for eacsae
considering all possible scenarios.

4. Conclusions and Remarks

Extensive analysis of the FCMP house database going by University of Florida and Clemson
University. At UF full-scale data analysis is contkd to provide confidence levels for the pressure
coefficients, the goal is to produce and dissereirfiai-scale pressure coefficients. Wind tunnel alod
studies are conducted in the Boundary Layer Windn&l at Clemson, both research will complement
and provide new conclusion to the wind engineefamdow-rise structures.

Preliminary analysis of the FCMP full-scale vs. vtninnel house data, are provided by Dearhart (2003
Reinhold (2005) and in these conference proceedirggented by Dr. Prevatt. Potential implicatiandr
these studies could make and impact in the wind Biandards. Preliminary analysis suggests that the
peak negative pressure coefficients obtained frioenftll-scale data frequently exceeded the ASCE 7
coefficients for the corresponding roof zones.
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