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The photograph on the cover shows damage in Charlotte County, Florida, caused by 
Hurricane Charley on August 13, 2004. (Photograph courtesy of the Florida Division of 
Emergency Management and the State Emergency Response Team.) Superimposed on 
this photograph is an image of Hurricane Charley captured on August 13, 2004, at 12:35 
p.m. Eastern Daylight Time by the Moderate Resolution Imaging Spectroradiometer 
(MODIS) sensor aboard the National Aeronautics and Space Administration’s 
(NASA’s)Terra satellite. At the time the image was taken, Charley was rapidly gaining 
strength and would reach Category 4 status just 90 minutes later. Maximum sustained 
winds at 2:00 p.m. were at 145 miles per hour (mph), and Charley was moving toward 
the north-northeast at 20 mph. 

(IMAGE COURTESY OF NASA AND THE SPACE SCIENCE AND ENGINEERING CENTER, UNIVERSITY OF 
WISCONSIN-MADISON.)

In response to Hurricane Charley,  the Federal Emergency Management Agency (FEMA) 
deployed a Mitigation Assessment Team (MAT) to evaluate and assess damage from the 
hurricane and provide observations, conclusions, and recommendations on the performance 
of buildings and other structures impacted by wind and flood forces. The MAT included 
members of FEMA Headquarters and Regional engineering staff, and code enforcement 
officials, as well as experts from the design and construction industry. The conclusions and 
recommendations of this Report are intended to provide decision-makers information and 
technical guidance that can be used to reduce future hurricane damage.
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Executive  
Summary

Hurricane Charley made landfall on Friday, August 13, 2004, at Man-
grove Point, just southwest of Punta Gorda, Florida, The hurricane 
crossed the barrier islands of Cayo Costa and Gasparilla with wind 
speed estimates from the National Hurricane Center (NHC) of 150 
miles per hour (mph) measured as 1-minute sustained wind speeds 
(over open water). In its Tropical Cyclone Report, Hurricane Charley, 9-14 
August 2004 (NHC, October 2004), the NHC categorized the storm at 
landfall as a Category 4 hurricane as measured by the Saffir-Simpson 
Hurricane Scale. The storm traveled the width of the state from west 
coast to east coast in approximately 71/2 hours. It struck the Orlando 
International Airport with wind speeds of nearly 105 miles per hour 
(mph), and went back out over open water near Daytona Beach. 

On August 19, 2004, the Federal Emergency Management Agency’s 
(FEMA’s) Mitigation Division deployed a Mitigation Assessment Team 
(MAT) to Florida to assess damages caused by Hurricane Charley. This 
report presents the MAT’s observations, conclusions, and recommen-
dations in response to those field investigations. 

Several maps in Chapter 1 illustrate the path of the storm, the wind 
field estimates, the impact on people and infrastructure, and the depth 
of storm surge along the path. The width of the high-wind field was 
very narrow even though hurricane force winds affected some portion 
of the Florida peninsula from Punta Gorda to Daytona Beach. There 
was little storm surge or coastal flooding because of the narrow size of 
the storm and the translational speed with which it came ashore and 
crossed the state. 

H
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The hurricane is believed to have been a design wind event (the wind 
speeds equaled or exceeded those delineated in the current version of 
the Florida Building Code [FBC]) for a narrow area from the point of 
landfall on the west coast inland for 120 miles. The design wind speed 
for Charlotte County (Punta Gorda) per the FBC is 114 to 130 mph 
(measured as a 3-second peak gust). The actual measured wind speed 
near Punta Gorda was 112 mph (3-second peak gust) and measured 
speeds in other parts of the state suggest that Charley was a design 
wind event. The storm created a very small area affected by storm 
surge and most damage was not caused by flooding from storm surge, 
waves, or erosion. 

Florida Building Code Changes

T he State of Florida adopted a new building code that went into 
effect in March 2002, the 2001 Edition of the FBC. The 2001 
FBC is modeled after the 1999 edition of the Standard Build-

ing Code (SBC) and the South Florida Building Code and retained 
many of the county-specific wind speed and debris designations used 
in these codes. The FBC uses the wind design methods specified in 
the American Society of Civil Engineers (ASCE) 7-98, improves the re-
quirements for wind resistance of components and cladding (C&C), 
and requires impact resistance glazing or shutters in windborne de-
bris regions. The 2001 FBC, in combination with legislative statutes, 
will continue to regulate construction in Florida until the 2004 Edi-
tion of the FBC becomes effective in the summer of 2005.

Prior to the adoption of the FBC in 2002, the state administered the 
1997 Edition of the SBC, with Florida-specific amendments and the 
South Florida Building Code. Although the codes addressed wind de-
sign issues, the wind pressure determined by formula in the SBC is 
less than the wind design pressure determined by the FBC in many 
applications, thus understating what the design level wind pressure 
should be. 

Recent changes to regulations and statutes governing the manufac-
ture and installation of manufactured housing include closer spacing 
of tie-downs and requirements that additions are to be free-standing 
and self-supporting, with only the flashing attached to the main unit 
(unless the added unit has been designed to be structurally attached 
to the existing unit). Further, the regulations state that all additions 
must be constructed in compliance with state and locally adopted 
building codes. This portion of the manufactured housing regula-
tions is important in the context of understanding the damage that 
was caused by this event. 



iiiHURRICANE CHARLEY IN FLORIDA     MITIGATION ASSESSMENT TEAM REPORT    

EXECUTIVE SUMMARY

Damage Assessment Observations

B ecause Hurricane Charley was a design level wind event, the 
resultant storm damage provides valuable evidence about the 
effectiveness of building codes and design practices as they ad-

dress design guidelines for high winds. For buildings built prior to the 
adoption of the current codes, judgments were made about how the 
observed damage was reflective of the code to which the building was 
constructed, and the quality of construction or the inspection process 
that followed construction. Consideration also was given to the type 
and use of buildings. Many buildings that were expected to function 
for critical/essential services were severely damaged by the hurricane 
and lost function for significant periods of time after the event.

Generally speaking, the structural systems of buildings designed and 
constructed to the 2001 FBC performed as expected and thus there 
was little to no damage to the structural systems of these buildings. For 
older buildings, a number of damage observations were pervasive:

■ Design wind loads used were often too low, resulting in a design 
that was not sufficient for the winds encountered, thus creating 
some roof and framing damage

■ Fasteners for roof sheathing were often too small or spaced too far 
apart and led to loss of roof panels

■ Small or missing strapping used to anchor the roof structure to the 
walls was often observed

■ Unreinforced masonry walls often lacked a continuous load path 
and led to wall damage and failure

■ Lack of a continuous load path at the connection between the walls 
to the foundations was often observed

■ Structural design often did not account for unprotected glazing, 
leading to structural failures due to increased internal pressures

■ Unprotected glazing, leading to interior damage from wind and 
wind-driven rain was often observed

■ Corrosion of ties or fasteners used to attach siding to the wall 
structure was often observed

■ Corrosion of anchors or connectors that attach the building to 
the foundations or tie structural elements together was often 
observed

■ Improper elevation of habitable space and utilities relative to flood 
risks was often observed
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■ Degradation of building elements and connections due to material 
deterioration, termite infestation, or lack of proper preventive 
maintenance was often observed

The MAT noted substantial damage to building envelopes and acces-
sory structures on many different types and ages of buildings. The 
most common damage included:

■ Roof coverings blown off 

■ Soffits blown away, allowing water to enter buildings

■ Unprotected glazing, leading to interior damage from wind and 
wind-driven rain 

■ Siding blown off buildings, including exterior insulation and finish 
systems (EIFSs)

■ Garage doors blown in or out, allowing wind inside garages and 
often causing significant structural damage to the garages

■ Metal roof and wall panels blown off pre-engineered metal 
buildings

■ Rooftop mounted equipment blown off roofs or severely damaged

■ Carports and accessory structures attached to manufactured homes 
blown off, creating additional debris 

The damage to building envelopes allowed wind to enter buildings 
in many cases, causing property loss, and/or the loss of some compo-
nent, which then allowed rain water to enter the buildings, causing 
additional non-structural damage. 

This damage indicates that insufficient attention has been given to 
selecting materials or components of the building envelope that will 
meet the building code requirements for wind and water resistance.  
Further, many products do not have test protocols that provide veri-
fication that they can meet design loads. Materials are often selected 
based on criteria other than “disaster resistance.” In spite of new codes 
and education related to the enforcement of and construction to meet 
the new codes, not enough attention is paid to building envelopes. 

A significant number of critical and essential facilities (including fire 
stations, police stations, hospitals, and schools and other buildings 
used as shelters) were damaged. The damage was primarily to build-
ing envelopes (e.g., large rolling and sectional doors on fire stations or 
roof coverings on hospitals or schools). Some of the damage to these 
elements caused subsequent damage to the buildings. There were a 
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few catastrophic failures (i.e., fire stations that lost their entire roof 
structure, rendering the facilities unusable for their intended func-
tions, and collapse of a wall and portion of the roof of a building where 
1,400 people were gathered to seek shelter from the hurricane). 

Recommendations

T he recommendations in this report are based solely on the obser-
vations and conclusions of the MAT, and are intended to assist 
the State of Florida, local communities, businesses, and individ-

uals in the reconstruction process and to help reduce damage and 
impact from future natural events similar to Hurricane Charley. The 
general recommendations presented in Section 8.1 relate to policies 
and education/outreach that are needed to ensure that designers, 
contractors, and building officials understand the requirements for 
disaster resistance construction in hurricane-prone regions.

Buildings constructed in accordance with the 2001 FBC (and those 
that had been mitigated to resist high-wind loads) were observed to 
perform substantially better than typical buildings constructed to ear-
lier codes, but their performance was not without exception. Proposed 
changes to codes and statutes are presented in Section 8.2.

Specific recommendations for improving the performance of the 
building structural system and envelope, and the protection of criti-
cal and essential facilities (to prevent loss of function) are provided in 
Chapter 8. Implementing these specific recommendations in combina-
tion with the general recommendations of Section 8.1 and the code 
recommendations of Section 8.2 would significantly improve the ability 
of buildings to resist damage from hurricanes. Recommendations spe-
cific to structural issues, building envelope issues, critical and essential 
facilities, and education and outreach have also been provided. 

As the people of Florida rebuild their lives, homes, and businesses, 
there are a number of ways they can minimize the effects of future 
natural hazards, including:

■ Continue to design and construct facilities to at least the minimum 
design requirements in the 2001 FBC and the 2004 FBC (after it 
becomes effective in the summer of 2005)

■ Involve a structural engineer/design professional/licensed 
contractor in the design and planning if buildings (both residential 
and commercial) are being renovated and remodeled for structural 
and building envelope improvements
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■ Assure code compliance through increased enforcement of 
construction inspection requirements such as the Florida Threshold 
Inspection Law, the International Building Code (IBC) Special 
Inspections Provisions, or the National Fire Protection Association 
(NFPA) 5000 Quality Assurance Requirements 

■ Perform follow-up inspections after a hurricane to look for moisture 
that may affect the structure or building envelope

Furthermore, improvements can be made to forecasting, tracking, 
and responding to hurricanes. Specifically, the following recommen-
dations are provided for State and Federal government agencies:

■ The government should place a high priority on and allocate 
resources to hardening, providing backup power and data storage 
to the National Oceanic and Atmospheric Administration's 
(NOAA's)/National Weather Service's (NWS’s) surface weather 
monitoring systems, including Automated Surface Observing 
Systems (ASOSs) located in hurricane-prone regions. 

■ The government should place a high priority on continuing to 
fund the development of several different tools for estimating and 
mapping wind fields associated with hurricanes and for making 
these products available to the public as quickly as possible after a 
hurricane strikes.

Additional recommendations and mitigation measures for design pro-
fessionals, building officials, contractors, homeowners, and business 
owners are presented in Chapter 8, including:

■ Improving the performance of building structural and envelope 
systems through proper design of the continuous load path

■ Proper design of structural attachments and additions to 
manufactured homes

■ Improving quality control and inspections

■ Retrofitting existing residential and commercial buildings from 
the roof decks to the foundations

■ Improving the performance of critical and essential facilities 
(including shelters)

■ Improving design and construction guidance

■ Improving public education and outreach 
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