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ABSTRACT

Roof covering failurds one of the most prominent failures observed during post hurricane and
tornado disaster investigations. Roof covering failure allows water penetration leading to
significant damages/losses to builgsndnteriors; in most caseshis leads to structural failure.

The damagesaused bysuch disastarare significant Understanding the inget of such
disasters on human lives, natuamd economies,Mr. Phil Georgeauprovided funding to
establishthe Geogeau Construction Research Center (GCRC) at Western Michigan University
to studythe means and methods of improvitige resilience of structures, including roofing
systems. The research team was initially taskem evaluate the means of improvirge
pefformance of flat roof systems by using adhesivesfasténers (a hybrid system). However,

the team was more interested in learning stétine-art and practice talentify the knowledge

gap and research nedds improvingstructural systemesilienceunder damaging wind loapef
primary interest ighe flat roof system Hence, a thorough review of literature and industry
practice was performed to documeootfing systemsload path within the roof system and from
roof to the building structural systentypical failures observed during past events, roofing
construction industry practices/ experience/ perspective, recommendations for improving
building envelope integrity and performance, available innovative materials and methods,
constrution quality asurance methodspaintenance requirements, etds a result, this report
presents a comprehensive plan of research needs that highlights testing of comaodents
assemblie®f roofing systemssimulation needs for evaluating design loads by incorporating
structural system response, and performance evaluation as part of construction quality control
and asset management. This plan can be used for developing future research projects and

implementation plans for projedeliverables
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1 INTRODUCTION

1.1 OVERVIEW

The Federal Emergencilanagement AgencyFEMA) Mitigation Assessment Teams (MATS)
evaluate the performance of buildingsbjected tmatural and mamade hazards (FEMA 2016).

In March 2005, FEMA published a summary report on building performance diner2p04
hurricane seaso(FEMA 2005). The report indicated that roof covering failure was one of the
most consistenstructural deficiencie®bserved during field investigationsAnother critical

aspect documented in FEMA (2005) is the damages to many critical and esseiliiedsfa
including shelters, fire departments, hospitals, police stations, emergency operation centers, etc.,
during high winds due tthe poor performance of building envelopeshe primary reasons for

such failures is the lack of continuous load patkraasfera wind load from the roof system to

the foundation. Following Hurricane Katrina, in 2006, FEMA published a report on building
performanceeEven t hough Katrinads wind sanemdther s at/

failure modesroof deckirg blow-off was common.

Roof covering types (tiles, asphalt shingles, metal panels, membrane systems, etc.) have shown
distincly low performance levelsAs an example, FEMA (2012) presents the observed failure

of commercial and industrial buildings duritige 2011tornado outbreak in Alabama, Georgia,
Mississippi, Tennessee, and Missourigre 1-1). Failure of the roof decko-joist connections

as well as the roetb-wall panel connections was commoBuch failiresled tothe collapse of

walls leading to significant damages to buildingnteriors and occupantsEven though welds

and screwsvere designed to carry codified wind loads, during hurricanes and tornadoes, large
concentrated forcedevelopedat theseconnections have ripped off the coverintn addition,

cyclic loads acting on the roof can cause the screw holes to get larger making the failure
imminent. Hence, there is an interest to use adhesives to enhance structural integrity of roof
systens. However, there is a significant resistance to such applications, but the interest among
the adhesive manufacturers and contractors is growiyg.an example, a white paper was
published by Fiberlite (201@ntitledfiRoofingi Screw it or Glue it8 The papediscusses the

most common reason for roof failures as blisters, open laps, splitting, punctures, penetrations,
wrinkles, flashing, surfacing, fasteners, and abuse and nedtecther, it provide a few case

studieson the performance of roofs duritturricane Katrina. One of the recommendations in




the white paper is to fAkeep tthrestrietdigidiltrationd /[ or
into the roof envel ope by sEvenlthoughgthetfobus ofthe c k at
article by Fiberlite (2012)s on flat roof systems, some of the recommendations are equally
applicableto the steep sloped roof systemblowever, the most recent design of steep sloped

roofs allows air flow through the attic, that could completely change the widd &ing on the

roofing system.

L | - A A [N

(a) Failed puddle welds that connected the metal roo  (b) Roof system purlins intact with metal roof clps
deck to the top chord ofthe joist (red arrows) released (red arrows) FEMA 2012)
(FEMA 2012)

Figure 1-1. Roof system failure duringthe 2011tornado outbreak

Roof covering failure allows water penetration leading to significant damages/losses to
buildings @nteriors; in most caseshis leads to structural failur@FEMA 2012; FEMA 2005)

The social and economic impacts of sutibastes aresignificant As an example, the damages
during 2004 hurricane season required assisting more than 548,000 citizens utilizing the disaster
recovery centers located in Floridapapving more than $605 million as public assistance and
individual assistance disaster aid, and cleaning 53 million cubic yards of debris (FEMA 2005).
Therefore, it is necessary to documtrd following: roof systems commonly used in hurricane
prone andhigh wind areas, load path within the roof system and from roof to the building
structural system, typical failures observed during past events, roofing construction industry
practices/ experience/ perspective, recommendations for improving building mawetegrity

and performance, available innovative materials and methods, castrgoality assurance
methodsmaintenance requirements, efthis process help® identify the knowledge gap and

research needsr improvingstructural resilienceanderdamaging wind loads.




1.2 PROJECT OBJECTIVE SAND SCOPE
The primary goal is to develop researchagendathat allowsutilizing the research facilities

currently being developed by the Center and identifying the expertise and additional resources

needed forevaluating various roof systems and materials or mechanisms for improving

structural/load path integrity to improve structurgilienceunder damaging wind loads.

The following are the objectives of this study:

1. Document roof structural systems and |paths.

2. Document means and methods for improving structural performance of roofs.

3. Develop & education and researalyendawith short and longeiterm goals

1.3 REPORT ORGANIZATION
The report is organized infive chapters:

1
1

T

Chapter 1 includes an overview gombjectgoals andbjectives.

Chapter 2 inludes roofing system types, design, and performance; standards and
specifications as well as the experimental, analytical, and numerical procedures used for
calculating design loads; and roofing system perfooeavaluation methods.

Chapter 3 includesa summary of the inputs collected from adhesive manufasture
product manufacturers, roofing contractorand consultants through a survey
guestionnaire

Chapter 4 presents comprehensive plan of research ne#us highlights testing of
components and assemblies of roofing systems, simulation needs for evaluating design
loads by incorporating structural system response, and performance evaluation as part of
construction quality control and asset management.

Chapter5 includes the reference list.

Thefollowing appendicesre included in the report.

1
1

Appendix A:Abbreviations

Appendix B: Recommendations for Improving Building Envelope Integrity and
Performancé®uring High Wind Everg

AppendixC: Survey Questionneg

AppendixD: Project Specification Standard

AppendixE: Product Performance Evaluation Standards




2 STATE-OF-THE-ART AND PRACTICE

2.1 OBJECTIVE AND APPROACH

Figure 2-1 illustrates the major topicgoofing system types, design, andrformance) and the
subtopics covered in this chapter Roofing system types and associated components are
discussed. Standards and specifications used for the design of roofing systems as well as the
experimental, analytical, and numerical proceduresdufr calculating design loadare
discussed. Roofing system performance is evaluated using laboratorgldrtddis, numerical
and experimental simulationand by visual inspectionsupported with limited application of
nontdestructive testing methad#As an example, wind uplift tests are conducted to evaluate the
performance of roofing systemsnder laboratory conditions whilensurance agencies and
government agencies condugsual inspection to assepsstdisaster damagesThe tools(if

any) usa for such inspection and the findings documented in-gisaster reconnaissance
reports are documented in this chaptéfFhe manuals, guides, specificationsost disaster
reconnaissanceeports published by agencies such as the Federal Emergency Managem
Agency (FEMA) product manufacturer technical datasheetsd national and international

scholarly articles are used as the primary sources of information

\
Design Details

Loads
. Standards and Specifications

. Experimental Procedures

. Numerical Simulations

Design

4 R
Evaluation

. Experimental Procedures

Roofing

. Numerical Simulations
Performance \_

[ Components H Types

Figure 2-1. An illustration of major and sub-topics covered inChapter 2

Systems
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2.2 ROOFING SYSTEMS
A roofing system protects an interior of a building from different climatic conditions such as
rain, snow, and wind. It also helgsregulae the interior condition of the buildingAccording

to the National Rofing Contractors Association (NRCA)yo roofing systemcategories are




definedbased on the pitctsteep slope roofs (pitch>%4 and f | at 9. dhesteep (pi t c
slope roofsare further classified into four groupaded on the orientation of the roof pitchhey

are gabled roofs, hipped roofs, mansard roafisd shed roofs.The steep slope roofs arsad

abunantly in residential constructiorwhile the flat roofs aremostly usedin commercial

buildings.

A typical roofing system consists ohe or more of thessomponentsroof covering(waterproof
membranes, shingles, tiles ¢gtc.insulation, membranegsingle ply membrags, Spray
PolyurethaneFoam (SPF) membranestc.), airbarriers vapor barriersand vapor retarders
According tothe Handbook of Accepted Roofing Knowledge by NRCA (1983¢deck is not a
part of a roofing systemA roofing assembly is formed wherr@ofing system is integrated with
a deck (metal, concrete, or wooden deck3dtely transfer thébadsto the supporting structure.
Steel and concrete are favorsiroof deckén commercial buildings Lightweight strength, and
economy maketsel the deck of choice folonger spans. The wooden deckwhich is often
supported over a roof trysss a popular choice in residential constructidrrespective of the
roof angle and the exposure conditions, the roof covering forms the slayac@nd the roof
deck forms lhe support in a roofing systenThe arrangement of the interior layers depends on

the roof angle and éhclimatic exposure conditions.

2.3 STEEP SLOPED ROOFSYSTEMS

Shingled roofs(with asphalt shingles concretetiles, slate shingles clay tiles or wooden

shingle$, thatched roofs and metal roofe axampledor steep sloped roof&igure2-2).

Clay-tiled roof Asphalt-shingled roof Thatched roof Metal roofs

Figure 2-2. Types of steep sloped roofs (Turner Roofing Company Inc. 2018)




2.3.1 Components of aSteep Slopedroof Assembly

Figure2-3 illustratesan exploded view of &pical steep sloped roof assembly.

- Hip & Ridge Shingles

Ventilation
Ventilation

Felt Underlayment
Shingles

Starter Shingle

- Gutter Drainage Protection
- Insulation

Attic Rafter Vent
Insulation

Figure 2-3. A typical steepslopedroof assembly (ddProRoofing 2014)
2.3.1.1 RoofCovering

Asphalt shingles, clay tiles, concrete tiles, slate shingles, metal shingles and wooden shingles are
the popular choices as roof coverings in steepeslaoofs. Shingles are made of asphalt, metal,
plastic, wood, slate, flagston@nd composite materials. Shingles are produced in a single layer

or in two or more layers. For example, asphalt shingles have a base layer and a surface layer.
The kase lger is made with asphalt and fillemnd gives strength to the shingl&he Surface

layeris mostly composed of mineral granul@sdprovidesnecessarprotection. Tiles are made

of local materials such as clay and slatemodern materials such as cogte and plastic.
Material and testing standargsiblished by theAmerican Society for Testing and Materials
(ASTM), Factory Mutual EM), and Underwriters LaboratoryUL) define the suitability of
shingles and tiles for roofing application. Natural thatg, such as reed and palmand

synthetic thatching are used asfrooverings in thatched roofs.
2.3.1.2 Underlaymentand Sheathing

An underlayment is provided overroof deckasthe second barrier against moisture intrusion
through unsealed locations on theofrcand in situations where shingles tear off due to

undesirable weather conditionsA majority of the underlayments are asphalt lbdageoducts




such assaturated felts, synthetic underlayments and rubberized asphalt underlayments. Asphalt
saturated felts,one of the oldest underlayments used in the industry, are the weakest
waterproofing material among the three types. Synthetic underlayments are of an asphalt
saturated fiberglass material with relatively better wearing resistance. Becalusi ability to

be usal with waterproofing productghey are morgopular than the asphalt saturated felts. On

the other hand, the rubberized underlayment contains asphalt and rubber polymers thereby
making it both waterproof and expensive. Selection of thedfpmderlayment depends on the
expected weather in the region, slope of the roof and the specific location of the roof. For
instance, waterproof underlayments are used at roof eaves, valeysat the joints with
chimreys and skylights (Long roofing017). In certain scenarios, sheathings are applied in
addition to the underlayment laid over the deck, but this is not mandat@mgnted Strand

Board (OSB) and plywood are theost commoly usedroof sheathings

2.3.1.3 Insulation

The insulation materials usea $teep slopedroofs are similar to those discussed under flat roof
systems. The location of the insulation layer can ltbeateiling level(asshownin Figure2-3)
or between the rafters.

2.4 FLAT ROOF SYSTEMS
Built-up roofs (BUR¥ spray polyurethane foam (SPF) roofs, single ply membrane, raads
metal panel roofare the prominent flat roadfystems Figure 2-4 shows theroof systems and

their components

BURs are commonl vy Kk nooffnandalave beemithe USrfat over rl@v e | ©
years. Alternating layers of ply sheets (often referred as roofing felts) and bitumen add strength
to the BUR systems. The bitumen can be asphalt, coal tar or a cold applied adinesivacts

as the bonding &t that binds the ply sheets together. Reflective coatings, aggregates, glass
fiber or mineral surfaced cap sheets, aluminum coatings, elastomeric coatings or hot asphalt

mopping are a few surfacing types used in BURs (NRCA n.d.).

In SPF roofsystems the foam is sprayed over the roof deck up to a desired thicknEss.
thickness of the foam determines the drainage and the thermal resistance of the roof. The foam

is composed of two componentsocyanate and polyol. The two components are heated,




propationed ata 1:1 ratio, mixed together and sprayed over the deck using a spray.aen, a
protective coatingf acrylic, butyl rubber, silicon or elastomeassapplied over the foamIn

certain cases, mineral granules or sand is incorporated inttaaesaoating (NRCA n.d.).

C} Reflective Coating Granules (optional)
/ W\ RS-
P
/'\w)\ Ply Sheets

Bonding Agent <, =
(usually asphalt)

Cover Board

Spray Foam (SPF)

Insulation

Existing Roof o Decking

\ \
.

‘Q\'; Deck Surface

Built -up roof (Roofing Southwest n.d.)  Spray polyurethane foamroof (Roofing Southwest n.d.)

METAL ROOF

Roof Board Mechanically DECK PANELS

Mechanically Atahed Atlached
Membrane G )
Fasteners

iaaaadd )W) .

UNDERLAYMENT

y

PLYWOQOD SUBSTRAT

INSULATION

AIR BARRIER

3

8 ) LINER PANEL

Y|

Roof Insulation P STRUCTURAL
Mechanically Atached 3 101022 Gauge PURLINES
Steel Decking
Fasteners
Single ply membrane roof(Roofing Metal panel roof (Copper Development Association Inc.
Southwest n.d.) n.d.)

Figure 2-4. Flat roof types and their components

In single ply membrane roofs, factory manufactuseagle ply sheet membranes amsther
mechanically attachedr adhered onto theoof deckover an insulation layerThese single ply
membranes can be thermoset or theuastic. Thermoplastic membrane@hermoplastic
polyolefin (TPO)andpoly vinyl chloride (PVC) andthermoset membranésthylene propylene
diene monomer (EPDNlare the mainwo types of single ply membnas usedn roofing The

installation of a surfacing layer over the single ply membrane is op(NRTA n.d.).

The metal roof systems gsistof structural metal panels duett@irinherent hydrostatic nature.
The panels arenstalledover continuousor closely spaced supports such as purlitfsspaced

supports are used, underlayments are often installed under the metal petalstionof vapor




retarders air barriers and insulationas needed helpo prevent the moisture condensation

problemsthat occur within metal panel syste(NRCA n.d.).

2.4.1 Components of a FlatRoof Assembly

Figure2-5illustratesatypical section of a flat roof assembly.

— Membrane (water control layer, air control
layer, vapor control layer)

— Protection board
Thermal control layer

¥

d o T T T

—— Membrane (air control layer and
vapor control layer)

Gypsum board
Metal deck
Figure 2-5. Typical sectionof aflat roofing assembly [stiburek 2016)

2.4.1.1 Roof Covering

Mostly in flat roofs,except in metal roof systemthie roof coveringis awaterproofmembrane

with adequate physical resistance, thermal resistance, wearing resistance, andtydurabil
Occasionally, this membrane paved witha loose ballasto hold down the membranén non

metal roof systems, usfacing techniquessuch as aggregate surfacing with bitumen and
protective coatingsre appliedover the roof covering to improve itaubility and wearing
resistance Use of a vegetative surface cover has been the latest trend to minimize the heat island

effect and to improve energy efficiency and aesthetics
2.4.1.2 VaporControl Layer

Vapor control layers are typically vapor barriers ororagtardersa vapor barriepreventsthe
migration of water vapor while @aporretarderslows downthe migration of water vaporin
practice, it is hard to find a vapor barrieBased on the climate of a region, water can migrate
from the exterior othe building to the interior or vice versa. Therefore, the exact location of the




vapor barriefretarderin a roofing assembly is determined based on the climatic conditions. As
an exampleunder cold climatc conditions a vapor barrier is placed at thmttom of the
assembly whilet is placed at the top of the assembly in hot climatic conditjBreyrson2016)

Two of the most popular vapor retarders are polyethylene plastic sheets aply fiberglass

felts adheredvith hot asphalt. In addition, grmaterial with a permeability rating of 1.0 or less

in accordance to ASTM E1745 is suitableaasapor retarder (Pierson 2016)
2.4.1.3 Air Control LayerAir Barrier

The purpose cdnair control layer oran air barriers to control the airflow within a roof syesm
as a resultthe vapor movemeris controlled An air barrier needs to be continuous, durable,
strong and air impermeableThe other benefits of an air barrier are improved energy efficiency,

increased comfort, odor contraind noise contrd|Straube2011)
2.4.1.4 Thermal Control Layéinsulation

Insulation is often refeed to asthe thermal control layer R-valug which represents the
capacity of a material to resist heat flow,the primary factor used to selextmaterial for a
specific application The American Society of Heating, Refrigerating and-@anditioning
EngineerdASHRAE) 90.1 outlinesrequired Rvalues and the amount of insulation required to
achieve certain Raluesbased orthebuilding location(Blum 2007. The insulation layer neks

to meet the design requirements for tensile strength, compressive strength, flexural strength, fire
resistance, corrosion resistapaad moistureresistance.Polyisocyanurate (Poly iso) boards are
the most popular insulation us&d commercial roofingapplications, along with polystyrene
foam, perlite,andwoodfiberboard (Singh et aR005). The compatibility of the insulation layer
provided in a roof with the other layers is importagpecially in an adhesive applied roofing
system. Based on thdocation of the insulation layeflat roofs are termed as warm roofs
(insulation aboe the roof deck cold roofs(insulation below the roof degkand invertedvarm

roofs(insulation above all the other layges inFigure2-6 (Greenspea.d).
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Waterproof
Membrane

Build up
membrane Insulation
Deck Vapor Control
Layer
Insulation Deck
Roof Joists Roof Joists
ili Ceilin
g Ceiling g
Warm roof Cold roof

Insulation

Vapor Control
Layer
Deck

Roof Joists

Ceiling

Inverted warm roof

Figure 2-6. Warm roof, cold roof, and inverted warm roof (Greenspec n.d.)

2.4.2 Historical Background and Evolution of the Flat Roof Systems

By 1990, BUR hd been dominating th#at roof market for over 140 yearddo we v e r BURG
market shareeduced from one third to 15%0om the 1990sto 2005. Instead,single ply roof

systems and modified bitumine membrane rodystemsncreased their markelominance to

nearly 70% in 1990 from being at less tHd®% in 1980. According toa RSI (Roofing Siding

Insulation) survey, by the year of 2005modified bituminous and cold applied bitumen roof

systens heldone thirdof the market shay&PDM roof systens held 30%, mtal roofs held 10%

andPVC and TPO membranes held about 20% of the flatsggiemmarket The emergence of

new, high strength and lightweighibofing materialsrise of concerns about the environmental
pollution, safety and energy costand eae of prefabrication with less labor intensive
installation led toBURsdecrease in popularityauringthe 1990s (Griffin and Fricklas2006).

2.5 PERFORMANCE OF ROOFING AND STRUCTURAL SYSTEMS
Roofing failure damages the building interior and potentigiad to complete structural failure.

Based on the severity of the failures, roof failures can be categorized as performance failures and
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structural failures. Roofing failures that have an impact on the aesthetic appearance and hinder
the functioning ofthe roof are known as performance failures. On the other hand, structural
failures are due to overloading or lack of capacity resulting from degradation of the components,
connections, and primary/secondary members in the load path, or a combinag&oh ther

2.5.1 Performance Failures

Membrane failures (blisters, splitting, wrinkleand punctures), fastener failure, surfacing
failure, flashing failureand ponding arafew common performance failures of flat roofs (Payne
2012). Figure2-7 showsa few examples of flat roof performance failures. Although some of
these performance failures seem superficial, if not attended and rephegdould lead to

further deterioration and severe damages.

c) Wrinkles

B &)

(dA)-{Fastener failure e) ur ace failure
Figure 2-7. A few examples of &t roof performance failures (Payne 2012)
The most commonly observegerformance failureof steep slope roofingra in the roof
coverings. A majority of performance failurase due to weathering and aging of the roofing
componentsas shown irFigure2-8(a). The brittling and shrinkage of roof covering, patterned
cracks, loss of mineral gnulesand algae growth are few examples. Shingle splitting, as shown
in Figure 2-8(b), occurs in asphalt shingles due to thermal expansion and contraction. Diagonal
tearing in asphalt shingles, as shownFigure 2-8(c), is observed due to underlying deck
movement or severe foundation settlement. Blisters, showmgure 2-8(d), are a result of
heating up and vaporizing of the volatiles in asphalt shirlesshall etal. n.d.). Figure2-8(e)
shows buckled shingles. This is a result of having wrinkled underlayment, lack of roof
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ventilation, roof deck movement, lack of spacers between roof deck boards, or a combination

thereof (Roofmax n.d.).

B

(a) Weathered roof (b) Splitting

covering

R LT e

(d) Blisters () Buckling

Figure 2-8. Failures of steep sloped roof systems (Haag Engineering n.d.)

2.5.2 Structural Failures

The interactionof wind with a typicalstructure causegositive pressure on the surfaces (walls
and roof) on windward side amggative pressur@uction)on the leewardurfaces as well as on
the surfaces that are parallel to the wind directiéigure 2-9 shows the loads acting on a flat
roof structure Wind uplift of a roofoccurs when the negative psese of passing wind pulls the
assemblyPayne 2012).

Suction on Rear Wall

Uplift on Roof

Positive Pressure on Front Wall
Suction on Side
Walls

</

Figure 2-9. Wind flow around a typical flat roof building (FEMA 2007)

Awi nd powi najouraa buildingansts he wi nd p @atocatoespsach ast i o n
corners of roofs and wial ridges, hips, and overhangsl h i s sdparationcreatessmall

vortices that cause much higher pressures in localized area T h eepagatiop cegionss
generally occur along the edgesd the perimeteof the roof as shown inFigure 2-10.

Therefore, the design wind pressuusgdin the productionof roof claddingcan benearlythree
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times higher than thepresure usedor desigring structural framing of the buildingFEMA

2009) As detailed later in the report, failures are masilyated at these locations.

Approximate Increases in
Negaltive Pressures

1.4x%

1.8x

- 2.8x

10° < 0 =45°
6 =Roof Slope

Figure 2-10. High wind pressure zones on a roofREMA 2009)

After every major event, FEMA conducts investigations, primarily visual inspections, and
develops assessment reportSach of the mitigation assessment reports submitted by FEMA
after hurricane events provides recommendations for improvementiet current design
practice. The observations and recommendations provided in these reports have resulted in
modifications and additions to the existing design codes and standards, installation techniques,
construction practices and maintenance pracs. The goal of developing such
recommendations is to prevent the occurrence of similar failures during future events. Hence,
the existing national and regional building design codes and standards were updated by
incorporating modified design details sfructural members and connections, providing clear

definitions and details to establish structural load paths, updating wind maps, etc.

FEMA P-55 presents two diagrams, as showrFigure 2-11 and Figure 2-12, illustrating a
timeline of the significant coastal flood and wind events that occurred during the period from
1900 to 2010, lang with important milestones for changes to regulations, building ¢@oheks
construction practices (FEMA 2011).
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1900 GALVESTON HURRICANE Septamber, Galveston, TY ™e=——
*+ City of Galveston iniliabes a large-scale project 1o raise
ground elevalions and buldings.

1926 MIAMI HURRICANE Sepbember, Miami, FL
* In 1927, Local enginesr's post-storm nspection report
siresses the importance of proper design, construction

quadty, snd irmlementation of bullding codes.
1938 NEW ENGLAND HURRICANE Septembar, Long
Island, NY/Mew England 1940 ARMISTICE DAY STORM Nowember, Lake Michigan

1960 TSUNAMI April, Hilo, HI 1951 STORM Newember, Lake Michigan

1964 GOOD FRIDAY EARTHOUAKE & TSUMAB March, 1962 NOR'EASTER March, Mid-Abantic

AKSCA
1968 Corgress esfnblshes the NFIP

1965 HURRICANE BETSY Septamber, FL/LA
* Flocdng from storm leads to a major redesign of the
levese system by the USACE.
* Congress passes Southeast Hurricame Disaster Relied
At mandating a study of disaster insurance options.
* |m 1968, Congress passes the National Flood Insurance
Act, which ereates the NFIP.

1969 HURRICANE CAMILLE August, MS/AL
* I 1971, National Bureau of Standards post-starm
rEpOFT concludes, *.. damage dinectly mtirioutable to
wave acton and flooding far exceeded that due fa

wind. .. Greater consideration should be gheen o storm
surge. " r— 1970 HURRICANE CELIA August, Compus Christ], TX

* |m 1977, Texas Catastrophe Property Ingurance
Association (TCFA) and Texas Wind Ingurancs
Agsociation (TWIA) are formed [orecursor to Texas
Department of Insurance (TD0)].

1973 HOR'EASTER April, Lake Michigan
* WFIP requires elevation in the 100-year flood.

1972 TROPICAL STORM AGNES Jume, Mid-Aiantic.
* Flood Diszster Protection Act of 1972 includes
Mandalory Flood Insurance Purchase Reguirement

e

1975 GREAT LAKES STORM November, Wasbarn Great
Lakes

1979 HURRICANE FREDERIC Seplember, AL

* FEMA performs firat post-disaster imvestigation after
Hurricane Fradaric.

* In 1980, FEMA beging 1o include wive heights in
determination of qoaslal BFEs,

* I 1983, Mabile County, AL, adopts specific
requiremarits for glazing. roof cwerhangs, roof
reinforcemants, and anchoring. In 1985, these
meagunes performed well during Hurricane Elena.

* I 1987, FEMA publishes Ihe Tirsl edilion of FEMA 53,
Cougfal

1981 NFIP exlablishes methodalogy to assess
contribulion of wase rusup to BFES; the methodalogy is
applied in ME.

1982/83 WINTER COASTAL STORMS CA/OR WA
* In 1985, conference concludes that siting standards
are needed for buliding in areas subject 1o erosion.

1983 HURRICANE ALICIA September, Balvegton, and

o= * In 1983, FEMA recommends breakaway walls on grade
* T s farmed 1o develop formal inspection process !
Tor winid damage, leved enclosures below BFE.
Ea::rmw_ g 1984 NOREASTER March, NJ

1985 HURRICANE GLORIA miber, NYINJ 1985 GREAT LAKES STORMS March, Great Lakes

* W imploments navr conetal deelopmeent practices. 1987 GREAT LAKES STORM February, Chicagu, IL

19&6 FEMA publishes second edition of FEMA 55 1988 HOREASTER April, Sandbridge Beach, VANags
™ houd, Ne
1986 GREAT LAKES STORM W1
1989 HURRICANE HUGD Saptembser, SC/PR
* FEMN's first budding performance assessment team
[BPAT) documents poor perlormance of rood gystems,
which later, atter Hurricane Andrew, leads tn changed
roaf and wall sheathing attachment practices and
awareness of continuous hoad paths. These observae
1989 NOR'EASTER March, Nags Head and Kill Devil liorg Ao lead o rood lest methods and standards,
Hills, NC/Sandhridge Beach, VA * FEMA BPAT recommends Coastal A Zone, sufficert pile:
emipedment. and enforcement of Bullding code wing

deaign requiremants.
Figure 2-11. 1900 to 1990 timeline of significant coastal flood and wind events and important milestones for
changes to regulations, building codesnd construction practices(FEMA 2011)

_—
1788 WINTER COASTAL STORM January, Southem CA

19EE First edition of ASGE T publishes
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Figure 2-12. 1990 to 2000 timeline of significant coastal flood and wind events and important milestones for
changes to regulations, building codesnd construction practices (FEMA 2011)

Figure 2-11 and Figure 2-12 show the evolution of design and construction guidelines and
specifications following historical events. In 198B¢ Mobile County, Al, adopted specific
requirements for glazing, roof covering, roof reinforcementsl anchoring afteHurricane

Frederic in 1979 Later in 1985Hurricane Elena proved the performance improvements due to
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