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EXECUTIVE SUMMARY

In the early morning hours of August 24, 1992, a category 4
{Saffir-Simpson scale) hurricane named Andrew made landfall on
the southeast coast of Florida in the southern part of Dade
County. Andrew was a relatively small sized, rapidly moving, and
relatively dry hurricane. It was not the strongest hurricane ever
to hit the mainland of the United States (Herbert and Taylor,
1988). By any standards, however, Andrew is to date the most
destructive and costliest hurricane ever to have affected the
U.5. coastline.

In the aftermath of the storm many investigations were
undertaken by various academic, governmental, industry, trade,
and judicial bodies in an attempt to ascertain the causal factors
for the devastation left by Andrew. The investigative reports
issued by these bodies listed numerous causes responsible for the
storm damage. One factor determined teo be a cause by all the
investigations was the loss of integrity of the building en-
velope due to breach of glass, windows, doors, garage doors,
sliding glass doors, gable ends, etc.

As a consequence of the extent of the observed damage at-
tributable to building envelope penetration, a cry for mandatory
requirements for building envelope protection resounded from many
guarters. This clamor for mandatory protection of the building
envelope was based entirely on informal and not scientifically
based comparisons of damage due to Andrew and other storms. It
was of interest in this study, then, to determine if shuttered
houses suffered less damage, on the average, than did non-shut-
tered (comparable) houses due to Andrew. Because hurricane
damage differed greatly among areas and types of houses, varia-
tion due to variables other than the existence (or lack of)
shutters, such as architecture, orientation, exposure, area, and
wind velocity were eliminated by pairing houses - an almost
entirely shuttered house {shuttered), with one that had no shut-
ters on (comparable}) during the storm.

To the authors’ knowledge no formal scientific study prior
to this one has ever been conducted comparing hurricane caused
damage of paired structures whose only characteristic difference
was whether or not shutters were installed and in place during
the storm. :

A copy of this report may be obtained by contacting:

Executive Secretary, BCIAC

M.E. Rinker, Sr., School of Building Construction
FAC 101 - University of Florida

Gainesville, Florida 32611

904/392-5965




CONCLUSIONS AND RECOMMENDATIONS

CONCLUSTION

In this study, 32 pairs of shuttered and comparable
{(unshuttered) houses subjected to Hurricane Andrew were
matched by type and location and compared on damage
estimates using appraised building and total values.
Although not originally matched on appraised values, the

pairs did not differ significantly on the 1992 appraised

building or total values. The houses were well-chosen,

in that both sets - shuttered and comparables - had
reduced appraised values after the hurricane as would be
expected. {These mean reductions in building and total
values from 1992 to 1993 for each set of houses were
statistically significant). Comparison of shuttered and
comparable houses’ reduction in appraised values from
1992 to 1993 suggested that the average percent reduction
in appraised building value for shuttered houses {12.4%)
was less than that for their comparables (17.5%) at a

marginally significant level (p<0.061). The average

II
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percent reduction in appraised total value showed a
similar pattern. These statistical significances, howev-
er, were probably attributable to 4 pairs of houses where
shuttered outperformed comparables from 30.8% to 54.8%
with respect to appraised building values, since 63% of
the pairs of houses (20 of 32 pairs) differed in percent

appraised building reduction by less than 5%.

The four pairs of houses that exhibited such large
differences in building reduction were examined for any
commonalities on the measured variables that might sug-
gest a reason why the shuttered houses outperformed their
comparables. Three of the four pairs (75%) were subject-
ed to wind speeds above the mean {132 to 135.3 mph), but
14 of the other 28 pairs of houses (50%) also were sub-
jected to winds this high, but had much lower damage
estimate differences. Comparison of the 4 pairs on 1992
appraised building values showed no common range, with
the appraisals being scattered from the low end to the
high ené in the set of houses (mid $50,000's, mid
$60,000’'s, low $100,000’'s, high $200,000's). If com-
monalities existed among these 4 pairs of houses, they
were not apparent from the variables measured for this

study.

III




These statistical analyses suggest two recommenda-
tions for future research. First, pairing houses by type
and location is essential to reduce variability between
houses so that meaningful comparisons can be made. Hard
as it was to obtain matched houses, without pairing so
much variability is present that very many more observa-
tions would be necessary to detect any differences sta-

tistically.

"Even with pairing, this study showed that about 400
pairs of houses would have been needed to detect observed
differences between pairs using actual dollar reduction
in appraised values. Although dollar reduction is an
appealing variable to use since it is easily interpreta-
ble, the appraised values vary greatly, either due to
large inherent variability or inconsistent or non-uniform
appraising. Therefore, the second recommendation is to
use the variablé, percent reduction in appraised building
value to measure differences between shuttered and com-
parable houses. If a sample of 100 to 120 pairs of

houses would have been available for this study, the

iv

Wil TR T B NN A U NS M A aE aE AN e

¥
.

I



I G BN GE U EE SR .

observed mean difference in percent appraised building
reduction would have been statistically significant at
the 5% level,. Even with only the available 32 pairs in
this study that met the criteria, percent reduction had
low enough variability to detect a marginally statisti-
cally significant difference between the two groups of
houses. In future studies, perhaps other variables can

be obtained to measure damage estimates more precisely.
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CHAPTER 1

INTRODUCTION AND BACKGROUND INFORMATION

In the early morning hours of August 24, 1992, a
category 4 (Saffir-Simpson scale) hurricane named Andrew
made landfall on the southeast coast of Florida in the
southern part of Dade County. Andrew was a relatively
small sized, rapidly moving, aﬂd relatively dry hurri-
cane. It was not the strongest hurricane ever to hit the
mainland of the United States (Herbert and Taylor, 1988).
Two other hurricanes, the unnamed storm that hit the
Florida Keys in 1935, and Camille in 1969, were much
larger and much stronger hurricanes (both were category 5
storms}. By any standards, however, Andrew is to date the
most destructive and costliest hurricane ever to have

affected the U.5. coastline.

On September 24, 1992 The Miami Herald published the

following estimates related to the storm:

1. $20 billion in total property damage




$7.3 billion in insurance industry losses

160,000 people left homeless

86,000 out of work

82,000 businesses destroyed or damaged
28,000 homes destroyed

52 hurricane related deaths

Two years later, on August 24, 1994, The Miami Herald
published the following additional statistics related to

the storm:

107,800 private homes were destroyed or damaged
49,000 of those were rendered uninhabitable

1,624 public housing units damaged or destroyed
100,000 people were forced to move from South
Dade in the storm‘s aftermath

7,000 households permanently relocated from the

area

. 795,912 insurance claims were filed

$16.04 billion dollars in claims were paid

35 million tons of debris were cleared from the

area



In the aftermath of the storm many investigations

were undertaken by various academic, governmental, indus-
try, trade, and judicial bodies in an attempt to ascer-
tain the causal factors for the devastation wrought by
Andrew. These bodies included the Wind Engineering Re-
search Council Post Disaster Team, the Federal Emergency
Management Agency Building Performance Assessment Team,
the Metropolitan Dade County Code Evaluation Task Force,
the Florida Department of Community Affairs Damage As-
sessment Team, and the Dade County Grand Jury. As stated
in the introduction to the report of the Dade County
Grand Jury:

We wanted... to find the answers to

the many gquestions raised by this

disaster regarding the standards,

designs, and materials used in our

local construction; the oversight and

regulation provided to the construc-

tion industry; the responsibilities

of the construction industry to our

community; and our state of prepared-
ness for the next hurricane.

The. investigative reports issued by these bodies

listed numerous causes responsible for the storm damage.

One factor determined to be a cause by all the investiga-

1. Final Report of the Dade County Grand Jury, Circuit
Court of the Eleventh Judicial Circuit, December 14,
1692.




tions was the loss of integrity of the building envelope.

According to the Florida Department of Community Affairs

Damage Assessment Report:

The loss of doors (primarily garage
and sliding glass doors) and windows
was the second most important and
costly aspect of the storm. Flying
debris (particularly from roofing
materials) contributed to a signifi-
cant portion of this damage. The loss
of windows and doors, along with the
loss of roof coverings, caused the
large amount of damage to building
interiors and contents.?

Penetration of the building envelope was also di-
rectly responsible for many of the catastrophic failures
of roof structural systems which permeated South Dade
County. According to the Federal Emergency Management
Agency "Breaching of the building envelope allowed an

uncontrolled buildup of internal air pressure that re-

sulted in further deterioration of the building’s integ-

2. Cook, Ronald, A., Editor, Hurricane Andrew - Damage
Investigation and Assessment: Summary of Damages to
Conventional Residential Structures, Florida Department
of Community Affairs, September 24, 1992.

3. Building Performance Assessment Team, Draft of Prelim-
inary Report in Response to Hurricane Andrew, Dade Coun-
ty. Florida, Federal Emergency Management Agency, Federal
Insurance Administration, September 30, 1992.




As a conseguence of the extent of the observed

damage attributable to building envelope penetration, a
cry for mandatory requirements for building envelope
protection resounded from many quarters. For example, the
Metropolitan Dade County Building Code Evaluation Task

Force recommended to the Dade County commission that it:

Adopt mandatory protection of exteri-
or building envelopes in new con-
struction by regquiring that the
components of exterior walls such as
cladding, glazing, doors and windows
of enclosed buildings be specifically
designed and constructed to preserve
the enclosed Dbuilding envelope
against wind pressure and impact
lcads from windborne debris, or, in
the alternative,be protected by
fixed, operable or gortable demcunt -
able storm shutters.

This clamor for mandatory protection of the building
envelope was based mostly on informal and not scientifi-
cally based comparisons of damage due to Andrew and other
recent storms. Although much work has been done since the

early 1970's by Minor, McDonald, Mehta, Walker, Beeson,

Harris and many others, to the authors’ knowledge no

4. Metropolitan Dade County, Building Code Evaluation
Task Force - Final Report, December 16, 1992.




formal scientific study (prior to this one) had ever been

conducted comparing hurricane caused damage of paired
structures whose only characteristic difference was

whether or not shutters were installed during the storm.



CHAPTER 2

LITERATURE SEARCH

A search of the literature reveals that homeowners
have used shutters for decades to protect their proper-
ties from damage caused by wind and windborne debris. As
far back as the beginning of this century, storm shutters
were already in use during the 1926 hurricane that struck
South Florida. That hurricane was a Category 4 storm (on
the Saffir/Simpson scale}. L.R. Reardon, historian and
native from Miami who survived the hurricane, wrote about
the experience in her book The Florida Hurricane and
Disaster, 1926, and recalls how her brother helped her
father get out the heavy wooden shutters to board up

every window and door.”

Hurricane shutters made of rustic wood and logs are

described in the book Historia de los Temporales de

S. Reardon, L.F., The Florida Hurricane and Disaster,
1926, Arva Parks and Company, Coral Gabkles, Florida,
1986. p. 2.




Puerto Rico y las Antillas (1492 a 1970)¢ by Luis Saliv-

ia, M.D; Salivia recalls that on September 26, 1932, the
population was warned that a storm was about to strike
Puerto Rico, He and his companions decided to weather the
storm at one of the old (and solid) residences of the
University of Puerto Rico, because these were built of
reinforced concrete. They invited members of families
whose houses were deemed to be structurally weak to stay
with them. Salivia narrates how they all worked to rein-
force all windows and doors with strong boards and wooden

crossbars nailed down with 3-inch nails.

Impressive testimonies recording the devastation

caused by the September 2, 1935 hurricane that struck the

Florida Keys are also found in the literature. It is told
that some local residents took precaution when there was
time to do so. For example, the owner of the Matecumbe
Hotel boarded up the hotel the night before. Likewise,
the owner of a yacht supply business, a store, a camp,
and a two-hundred-foot service dock, spent a whole day

preparing his buildings for the storm. Another resident

6. Salivia, Luis A., Historia de los Temporales de Puerto
Rico y Las Antillas (1492-1970), Artes Gréficas Medinace-
1i, S.A., Barcelona, Espafia, 1972. pp. 300-301.



of the Keys testified that he "had everything under

control...everything battened down, fastened up."’ De-
spite those precautions, apart from the Matecumbe Hotel

and a few other buildings, most structures were de-

stroyed.

More recently, Juan Almeida Bosque, author of Contra
el Agua y el Viento, relates in detail how people secured
doors and windows with wood boards  and common nails to

protect themselves against Hurricane Flora, which struck

Cuba in October of 1963.°8

2.2 Engineering and Scientific Work on Windborne Debris

Even though much wind related damage occurs every
year throughout the world due to tornadoes, hurricanes,
and just plain windstorms, serious engineering and scien-
tific study of wind effects on structures is a relatively
recent phenomenon. Work on damage caused by breach of the
building envelope is even more recent. This is evident

from the dearth of literature found by the research team

7. Best, Gary D., FDR and the Bonus Marchers, 1933-1935,
Praeger Publishers, West Port, Connecticut, 1992. p. 47.

8. Almeida Bosque, Juan, Contra el Agua y el Viento, Casa
de Las Américas, La Habana, Cuba, 1986. p. 26.




on the subject. It is not until the early 1970’s that

literature on the subject begins to appear.

9 the first mention of windborne

According to Minor
debris as a probable cause for failure of architectural
glazing during windstorms was made by Reed in 1970. Reed
"observed that windborne debris was a significant factor
in the relatively large storm window glass breakage rates
on high rise buildings during the Lubbock storm of May
11, 1970." The literature on the subject becomes more
abundant after Reed, as Minor, McDonald, Mehta, Walker,
Beeson and others begin to record observations of damage
caused by succeeding windstorm events (Hurricane Cecilia
- Corpus Christi, 1970; Cyclone Tracy - Darwin, 1974;
Hurricane Frederic - Mcbhbile Bay, 1979; Hurricane Allen -
Corpus Christi, 1980; Hurricane Alicia - Houston,
1983 ;Hurricane Hugo - South Carolina, 1989; and Hurri-
canes Andrew and Iniki - South Dade and Hawaii, 1992. As
a result breach of the building envelope has been undeni-
ably linked to windborne debris and with high and fluc-
tuating wind pressures. Unfortunately, the sources of

9. Minor, Joseph E., "Windborne Debris and the Building
Envelope," Journal of Wind Engineering and Industrial
Aerodynamics, Volume 53, pp. 207-222. 1994.

10



potential windborne debris cannot be entirely eliminated,
since there will invariably always be potential projec-
tiles (e.g. rocks and tree limbs) lying about susceptible
to becoming airborne due to high winds. In hurricanes and
tornadoes, the pool of potential projectiles is increased
enormously due to the increased debris generated from
damaged structures. Even though construction materials,
processes, and gquality may improve over the course of
time, high winds will inevitably result in projectiles
generated from damage to accessories to homes (porches,
garages, storage buildings, pool enclosures, fences):
roofing materials {(shingles, tiles, and gravel); inade-
quately attached or over stressed components and cladding
of building (sheathing and siding).!® In its assessment
of the damage caused by tropical cyclone Tracy, which
passed through the city of Darwin in Australia on Christ-
mas Day in 1974, a survey team from the Center for Build-
ing Technology of the U.S. National Bureau of Standards
found that windborne debris generated by failure of
upwind structures caused many openings in walls and other

elements which failed under the continuous attack of

10. U.S. Department of Housing and Development and NAHB
Research Center. Assessment of Damage to Single-Family
Homes Caused by Hurricanes Andrew and Iniki, Washington
D.C., September, 1993. p. S0.

11




flying materials. The study concluded that failure of

upwind buildings in the area created a considerable
number of missiles which was a most important factor

among the major causes of failures.!!

Describing some of the damage caused by the August
1970 hurricane (Celia) which struck Corpus Christi,
Texas, Minor relates how the Guaranty Bank Plaza Building
was damaged by windborne roof gravel from one and two
story roofs upwind.!?’ He also describes the resulting
devastation caused by the buildup of internal pressures
occurring after windward wall window failures. Dr. Minor
postulates that the internal pressure buildup progres-
sively caused the failures of leeward and side wall
windows, and the resulting extensive damage which was

wrought upon internal partitions and furnishings.!’

11. Marshall, Richard D., Engineering Aspects of Cyclone
Tracy, Darwin, Australia, 1974, U.S. Department of Com-
merce, National Bureau of Standards, Institute for Ap-
plied Technology, Center for Building Technology, Wash-
ington D.C., 1976. p.11.

12. Minor, Joseph E., "Window Glass Performance and
Hurricane Effects" Proceedings of the Specialty Confer-
ence 'Hurricane Alicia, One Year Later’. Galveston,
Texas, August 16-17, 1984, American Society of Civil
Engineers, 1985, p. 159.

13. Minor, Joseph E., "Window Glass Performance and
Hurricane Effects," Ibid, p. 159.
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Wind tunnel research conducted on models of housing
structures at the University of Kansas in the early 70's
revealed that these structures were more wind resistant
when the building envelope was kept intact with openings
completely closed. In testing the old adage that windows
on the leeward side should he opened during windstorms,
researchers found just the opposite. In several tests
they observed that when windows were opened on the lee-
ward side, the structure failed very suddenly. "The roof
left the walls nearly intact; the walls and partitions

splintered into a number of parts."!?

Damage surveys conducted after Hurricane Tracy
revealed that more than 50% of the 7,000 hcouses sur&eyed
were damaged beyond repair, and only 400 were considered
intact with only minor damage to windows, roofing and
wall cladding. The investigators concluded that breakage
of windows and failure of doors on windward faces were
the causes for most of the roof failures which were
ultimately the most important damage suffered in homes ., *°

14. Eagleman, Joe R., et al., Thunderstorms, Tornadeces,
and Building Damage, Lexington Books, Lexington, Massa-
chussets, 1975, p. 236.

15. Marshall, Richard D., op. cit., p. 5.
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As a result, questions were raised as to whether struc-

tural design criteria should include exposure to this

type of loading instead of considering static loads only.

In 1978, Beason and Minor suggested that when it
came to designing cladding systems, "typical glass clad-
ding will not be adequate unless accompanied by the use
of structural screens, temporary shutters, or other

protective barrier. "1

After Hurricane Iwa (November 1982) the U.S. Depart-
ment of Commerce published an informative bulletin titled
Hawaiian Hurricanes and Safety Measures. It included an
action checklist which recommended the use of shutters to
protect windows. Further, if no shutters were available,
it recommended taping or boarding them to cover glass and

prevent shattering.!’

Beason and Kohutek, investigating damage caused by

Hurricane Alicia in Houston, Texas, (August 18, 1983)

16. Selvam, R. Panneer, "Wind Speed Over Irregular Ter-
rain: State of the Art," High Winds and Building
Codes:Proceedings of the WERC/NSF Wind Engineering Sympo-
sium, Kansas City, Missouri, November 2-4, 1987, p. 247.

17. U.S. Department of Commerce and National Oceanic and
Atmospheric Administration. Hawaiian Hurricanes and
Safety Measures, with Central Pacific Tracking Chart.
Washington D.C., 1984, p. 3.
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determined that the distance between gravel (the most
common flying debris during that hurricane) and impact
points were 150 feet or more. At such distance, the
gravel may accelerate enough to reach a velocity of 0.80
times the basic wind speed before impact. Sometimes, the

velocity can be higher.l®

Minor, also investigating damage caused by Hurricane
Alicia, reported that a survey of 14 glass distributors
in Houston showed that more than 80 percent of window
glass replaced after the hurricane had been broken by
windborne debris. These investigations also led Minor to
report that failures caused by windborne debris generally
occurred before lateral pressures on the glass became
critical, and that all types and thicknesses of monolith-
ic glass are susceptible to failure due to windborne
debris. He also suggested that sustained and turbulent
winds create repetitions of relatively large pressure
conditions (cyclic or fatigue loading) on glass surfaces
which weaken the glass and increase its susceptibility to

18, Beason, W. Lynn and T.L. Xohutek. "Suggested Design
Criteria for Windborne Missiles". High Winds and Building
Codes, Proceedings of the WERC/NSF Wind Engineering

Symposium, Kansas City, Missouri, November 2-4, 1987, p.
425,
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damage by windborne debris.®

In 1985, Hurricane Gloria struck Long Island, N.Y.
Paul De Cicco, Professor of Civil and Environmental
Engineering at Polytechnic University in New York, re-
ported that window breakage contributed to 14% of the
total external losses; however, to some extent they

contributed to the 50% of losses due to roof failure.?2°

On September 21, 1989 Hurricane Hugo struck the
South Carolina coast. By now the types of failures cb-
served by post storm investigations followed familiar
patterns. Ben Mieche, an architect with the Naval Facili-
ties Engr. Command in Charleston, conducted a survey that
revealed that windows resisted wind pressures well, bnt
failed due to flying materials or natural missiles.?! as
in other hurricanes, the loss of windows, doors and other

19. Minor, Joseph E., "Window Glass Performance and
Hurricane Effects,” op. cit., p. 159.

20. De Cicco, Paul R., "Assessment of Wind Design Provi-
sions of Building Codes", High Winds and Building Codes,
Proceedings of the WERC/NSF Wind Engineering Symposium,
Kansas City, Missouri, November 2-4, 1987. pp. 132-133.

21, Mieche, Ben K., "Architectural Lessons Learned from
Hurricane Hugo", Proceedings of the Symposium and Public
Forum ‘Hurricane Hugo, One Year Later’, Charleston, South
Carolina, September 13-15, 1990. American Society of
Civil Engineers. p. 155.
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opening failures caused extensive water damage to the

interior of buildings.??

On August 24, 1992, a category 4 (Saffir-Simpson
scale) hurricane named Andrew struck the southeast coast
of ‘Florida in the southern part of Dade County. The
devastation caused by this hurricane was briefly de-
scribed in Chapter 1. Andrew was quickly followed by

Hurricane Iniki, which struck Hawaii. Damage investiga-

-

tions once again universally concluded that much of the
devastation was caused by loss of integrity of the build-

ing envelope.

The loss of doors (primarily garage
and sliding glass doors) and windows
was the second most important and
costly aspect of the storm. Flying
debris (particularly from roofing
materials} contributed to a signifi-
cant portion of this damage. The loss
of windows and doors, along with the
loss of roof coverings, caused the
large amount of damage to building
interiors and contents.??

Penetration of the building envelope was also di-

22. Murden, J.A., "Hugo 1989-The Performance of Struc-
tures in the Wind," Ibid, p. 54.

23. Cook, Ronald, A., Editor, Hurricane Andrew - Damage
Investigation and Assessment: Summary of Damages to
Conventional Residential Structures, Florida Department
of Community Affairs, September 24, 1992.
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rectly responsible for many of the catastrophic failures
of roof structural systems which permeéted South Dade
County. According tc the Federal Emergency Management
Agency "Breaching of the building envelope allowed an
uncontrolled buildup of internal air pressure that re-
sulted in further deterioration of the building’s integ-

rity.?4

Cne homeowner's descriptiﬁn of damage to his proper-
ty gives an indication of the strength of Andrew’s storm
winds. This individual relates that a fractured clay roof
tile projectile punctured his metal hurricane shutter,
broke the window, and continued across the room, slamming
into the piano.?® In another instance, a South Miami

homeowner, who thought his house was stormproocf, relates:

On Sunday, 1t was clear that the
storm was coming toward us. The
neighborhood was boarding up. Last
year, I’'d gotten these really elabo-
rate hurricane shutters for the
house...About 3 (a.m.,) the wind was

24. Building Performance Assessment Team, Draft of Prelim-
inary Report in Response to Hurricane Andrew, Dade Coun-
ty. Florida, Federal Emergency Management Agency, Federal
Insurance Administration, September 30, 1992.

25. U.S. Department of Housing and Urban Development and
NAHB Research Center, op. cit., p. 41.

18



pelting the rain so hard against the
shutters it woke us up...After a
while, there was a really terrible
noise. I went into the family room
and I could see outside, At first I
thought I was seeing things. Then I
realized the shutters were gone.?2%

The literature reviewed clearly indicates that there
is wide agreement on the importance of maintaining an
unbreached building envelope in order to minimize damage

during hurricanes.

Window and door damage contribute to
increased levels of water damage as
well as a greater potential for
structural damage through internal
pressurization. Internal pressuriza-
ticon from wind entering a breached
opening can effectively double the
wind loads on structural components
such as roof sheathing. In the Flori-
da survey, 64 percent of the accessi-
ble homes experienced damage to at
least one window. In most homes
surveyed, it was apparent that little
regard was given to proper window
protection. In most instances of
window damage, it is likely that a
simple but effectively applied ply-
wood covering would have provided the
needed protection.?’

26."Operators Tell Tales of Andrew", Restaurants and
Institutions, Chicago, Illinois, Cahners Pub. co. Vol.
102, N25., Octcker 21, 1992, pp. 28-30.

27. U.S8. Department of Housing and Urban Development and
NAHB Research Center, op. cit., p. xiv from the Report's
Executive Summary.
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The use of shutters to protect openings is one

alternative. There were instances during Andrew, however,
when windows were considered well protected, vet severe
damage was sustained. Cases wherein shutters were severe-
ly bent or even penetrated by flying debris are docu-
mentea. A Federal Emergency Management Agency building
performance assessment team reported, however, that storm
shutters performed well, reducing the extent of the
overall damage to properties.?® The NAHB team also

reached the same conclusion.?*?

Despite all the investigations, surveys, and unanim-
ity of conclusions, a review of the literature indicates
that there has been no controlled engineering or scién—
tific work conducted to date that provides data document-
ing the effectiveness of shutters in reducing damage
during hurricanes. This lack of knowledge has been a
serious obstacle to citizens, organizations, governmental
and regulatory agencies striving to develop standards and
codes td deal with the problem of protection of the

building envelope.

28. Federal Emergency Management Agency, op. cit.. p.3.

29. U.S. Department of Housing and Urban Development and
NAHB Research Center, op. cit., p. 47.
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CHAPTER 3

THE STUDY

3.1 CONCEPT

To accomplish the objectives of this project the
research concept was, on the surface, simple and
straightforward. The research team proposed to locate
single family residences that had installed shutters in
place during Hurricane Andrew, and pair each of the
residences so identified with comparable residences in
the same neighborhood known not to have had shutters
installed during the storm. The damage to the paired
residences would then be compared using one of several

possible measures.

3.2 METHOROLOGY

The storm area contained a full spectrum of property
damage ranging from minimal, or no damage at all, to the
complete destruction of all physical aspects of houses.

While the usefulness of shutters at extremes of the

21




spectrum 1is arguably nil and evidence of that usefulness

even more elusive, the extended mid-range of damage as
related to the mid-range of wind intensities and direc-
tion was identified as offering the most meaningful and
most available information for our study. From examina-
tion of wind intensity profiles and related damage range
attributable to the storm, certain geographical areas
were chosen as containing the population to draw our
samples from. These areas were coincident with zip code
areas easily identifiable for map study, travel, and
relation to other analysis parameters. The selected areas

were: 33156, 33157, 33158, 33176, 33186.

A database consisting of all customer files of
residential shutter sales by a reputable and long estab-
lished shutter manufacturer/installer with a large busi-
ness volume was obtained for the identified study area.
This database contained contact names and addresses, type
of shutters installed, and date of sale. This list gave
no indication of house size, architecture, market or
appraised value, number of stories, type of construction,
orientation, completeness of installation, features of
the surrounding terrain and structures, or whether the

shutters were actually in place or not during the storm.

22
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These features, however, were necessary to give our
selected samples and pairs sufficient uniformity to make
our analysis valid. Further, the researchers wanted to
know if and to what degree the property had been damaged.
In order to determine such information it became neces-
sary to contact the owner/occupants of the candidate

houses furnished by the shutter company.

3.3 FIELD INFORMATION COLLECTION

In practice, the implementation of what appeared to
be deceptively simple turned out to be extremely frus-
trating. Included among the problems encountered were
insufficient numbers of potentially shuttered houses
within the geographical bounds to be studied; difficul-
ties in locating and communicating with owner/occupants

of potentially shuttered houses; obtaining the coopera-

tion of owner/occupants; locating houses that were sub-

stantially shuttered; establishing whether or not poten-
tial comparables had shutters on during the storm; estab-
lishing the use, and then obtaining, meaningful damage

estimates.

23




3.3.1 Procedure

A form letter was prepared and sent out over the
signatures of study investigators to over one hundred
owner/occupants in the selected zip code areas identified
by the shutter company. The letter explained the purpose
of the study, gave assurance that it was a legitimate
governmental study, and informed recipients that they
would be contacted later for more information. This
letter was followed by several attempts to make live
contact by way of telephone during evening hours when it
was considered most likely to find people at home. Diffi-
culties were experienced in effecting dialogue with
owner/occupants for a number of reasons; pecple had
moved, phones had been changed o6r disconnected, no answer

to the phone, new owners, telephone answering machines

with no response to messages left, and some refusals to:

cooperate. This first round provided less than twenty
potential shuttered houses. This was far less than the S0
pairs which was the number originally desired for the

study.

As a result, the research team decided to expand the

area of coverage to include zip codes 33149, 33173,

24
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33143, 33177, 33187, 33183, 33193, 33196. An expanded
list of installations was obtained from the shutter
company and a second round of letters Qas conducted. This
second round of letters was followed by two more mailings

later in the project.

All together, several sets of letters were sent to
239 candidates. From these, a total of 192 telephone
interviews were consummated. The list of candidates was
then reduced by elimination of houses with more than one
or two openings left unshuttered (substantially unshut-
tered) or no shutters in place at all during the storm;
dwellings other than single family residences (town-
houses, duplexes, etc.); structures with more than one
story; structures which utilized Bahama, roll-down, pvc,
and other types of shutters which were reported in many
of the post Andrew investigations not to have fared well
during the storm; houses of owner/occupants that refused
to cooperate; houses of owner/occupants who were not
occupying the structure during the storm and did not know
if shutters had or had not been in place. It is appropri-
ate to note here that many candidate properties required
many telephone calls and/or letters before effective

contact and dialogue could be achieved. (Samples of
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letters used in the mailings are shown in Appendix B).

Based on the telephone interview information, 110
houses were discarded as unsuitable, leaving 82 as poten-

tially viable shuttered subjects and therefore candidates

for visual inspection.

The list of reduced candidates was then organized to
facilitate the 82 site visits by a member of the research
team. The visits were made by a registered professional
engineer with over 30 years of professional experience in
South Florida; an individual that has experienced the
hurricanes that have struck the area during that time.
The visits were used to record the type of construction,
orientation, roof architecture, type of roof covering,
garage door and entry door location, type of entry door,
surrounding terrain and siting of surrounding structures
or other features such as fields, canals, etc, of the
candidates for shuttered samples. The first few site
visits were conducted jointly by the professional engi-
neer named above and by the Principal Investigator. The
intent of the joint visits were to establish uniformity
and consistency in the interpretation of the goals and

objectives of the site visits, in the execution cf the
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visits to achieve these goals and objectives, and in the
furtherance of accurate communication between the indi-
vidual performing the field work and the rest of the

research team.

The visits were also used to locate potential com-
parables, within a reasonable proximity, to pair with the
shuttered samples. Selection c¢riteria for comparables
included proximity to the shuttered subject as well as
similarity of: construction, orientation,‘roof architec-
ture, type of roof covering, garage door and entry door
location, type of entry door, and surrounding terrain and
siting of surrounding structures or other features such
as fields, canals, etc. Special emphasis was placéd in
ensuring that shuttered and comparables had similar types
and orientations of certain key features which post storm
investigations focused on as being involved in much of
the damage. For example, if the shuttered subject had a
gable end over a double car garage door facing east,
emphasis was placed on identifying a comparable with the
same features. This emphasis carried through to single
versus double entry front doors, inward or outward swing,
and door orientation/exposure with respect to the cardi-

nal points.
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As a result of the site visits 50 of the reduced
number of candidates had to be rejected, leaving 32
suitable shuttered subjects houses with appropriate
comparables. Even though less than the 50 pairs original-
ly envisioned, time and other constraints dictated that
no further field work be conducted in the interest of

timely completion of the data reduction and final report -

ing.

3.3.2 Problems

The épparent ease of collecting field information
for the study was off-set by a number of cperational
difficulties encountered during the process. Many of
these involved human elements, embodied in access to and
cooperation of owner/occupants. Some of these related to
the hundreds of telephone calls made have been discussed
previously. Others related to final selection of the
comparables are different. After visual identification of
a potential comparable, attempts to contact tﬁe owner
occupants were futile in many cases. Usually, all the
research team had for a potential comparable was an

address. It was not possible to obtain telephone numbers
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and fregquently, owner/occupants would not answer ap-

prcaches to a door. Frequently they were not home;
oftentimes there were language and/or comprehension
difficulties with those who did answer; and, in spite of
identification carried by the professional engineer on
his site visits, there was still incredulity and skepti-
cism as to the legitimacy of the study, leading to hos-
tility on the part of many who did come to the door. This

hostility frequently underlay a refusal to cooperate.

In some cases, then, it became necessary to look for
lack of actual physical evidence of some shutter instal-
lation (e.g. tracks, fasteners, holes around windows and
doors, etc.) as acceptable evidence that a potentiél
comparable had not been shuttered during the storm. In
these cases lack of any of these usually resulted in

acceptance of a house for comparable consideration.

3.4 MEASURE OF DAMAGE

There were three potential measures of damage that
the research team could have used for the shuttered vs.
comparable comparisons. These were: insurance settlements

based on loss estimates calculated by insurance company
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adjusters, repair estimates prepared by contractors
bidding to perform the repair work, and changes to
property values as established by the Dade County Proper-
ty Appraiser. The first two would appear to be more
direct than the third and, on first thought, maybe more
accurate. Close examination of the post storm conditions
in the storm affected areas, however, suggested tc the

research team that this was not the case.

A.4.1 Insurance Settlements

Many factors combined to cast doubt on the use of
insurance loss estimates as the measure of damage. These
included, among others, the qualifications and experience
of the adjusters, the sheer magnitude of the work they
were called to undertake, the qguestion of just how much
damage was attributable to the storm, and the impact of

illegitimate claims (fraud).

The magnitude of the devastation caused by Andrew
was so large that the ability and resources of insurance
companies to respond to their policyholders was totally

overwhelmed. Adjusters had to be quickly trained and
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brought in from all over the United States. Many had very

little experience, and many more were totally unfamiliar
with the type of construction found in South Florida.
Even knowledgeable and experienced adjusters had problems
with lack of accurate information about post storm labor,
material, and equipment costs. It was common for these
individuals to work seven days a week, from early morning
until late at night, with little time for themselves.
Despite bringing in hundreds of adjusters from other
locales and assigning each of them enormous numbers of
claims to handle, many claimants were not able toc get an
adjuster to visit their property for days, weeks, or even
months. As a result damage due to the hurricane was
frequently compounded by the daily rainstorms that
drenched South Florida after the storm, and the vandalism
and looting that freguently took place. The resources of
the property insurance industry were just totally over-
whelmed. "Reports from insurance loss adjusters.at work
in South Florida indicated that a variety of factors were

complicating, delaying, and disrupting the claims settle-
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ment process altogether."?® All these factors contributed
to loss estimates that appear to have been significantly
inflated. In fact, most people in South Dade eventually
were quite pleased with the resolution of their insurance
claims. A Miami Herald poll taken in March 1993 revealed
that eight out of ten homeowners had already settled
their insurance claims from Andrew, and that 90% were
satisfied with the settlement. Six out of every ten were
“very satisfied." Only five percent were not satisfied, 30
Further north, at an Allstate hearing in Ft. Lauderdale,
“policy holder after policy holder grabbed the microphone
to complain about excessive claims payments to South Dade

residents. One contractor, Tom Torricni, made a comment

that homeowners were inflating claims, then refusing to -

fix up their homes as promised. ‘Money,’ he said, ‘was

literally thrown at homeowners.‘"3!

29. National Association of Independent Insurers, South
Florida After Hurricane Andrew - An NAII Appraisal of
Issues and Challenges to Rebuilding, Des Plaines, I11.,
November 1992. p. 3

30. satterfield, D., “Insurance: Andrew’s Impact,* The
Miami Herald, March 13, 1993. p. 1A.

31. Satterfield, D., "Dade’s Cesspool of Fraud," The Miami
Herald, June 21, 1993. p. 1A.
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Fraud also appears to have plaved a role in inflated

insurance settlements. Some estimates conclude that as
much as 10% of the $16 billion in claims paid out after
Andrew were for fraudulent claims., "Hurricane Andrew
planted the seeds of temptation and deceit throughout
South Florida; just inflate the insurance claim and it’s

easy cash."??

In addition to guestions about their accuracy and
consistency, there was one other obstacle to the use of
insurance settlements which probably would have been
insurmountable. Homeowners, pleasantly surprised by the
generosity of insurance adjusters and clearly concerned
about the legal and income tax ramifications of inflated
payments, refused to divulge or even discuss details of
their settlements with neighbors, friends, and even
their own family. The research team believes that the
selection of this item as the measure of damage would
have guaranteed that the sample of shuttered houses would
be even less than the 32 that were obtained. Difficulty
in establishing communication with owners of comparables

to obtain the corresponding information from them would

32, Satterfield, D., "Dade‘s Cesspool of Fraud," op.
cit., p. la.
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also have proved next to impossible.

3.4.2 Contractors’ Repair Estimates

reasons for the research team not using contractors’

As with insurance settlement, there were compelling

repair estimates. Hurricane Andrew,

33.

"the most expensive natural disaster
in American history, created a unigue
kind of chaos in South Florida. Tens
of thousands of homeowners were
desperate to get their lives back to
normal, Their most personal
possession, their home, had been
violated, and they wanted action
taken qguickly. Contractors were
flooded with work. Some were long
established, reputable companies.
Others were individuals with little
experience trying to make a buck. All
had to hire legions of workmen who
poured in from all over the country.
Some workmen were excellent. Others
were disasters. Then came problems
getting supplies. Getting permits.
Getting inspections. Every sector of
the construction industry-from the
lumber company toc the government
inspector-was overworked. The result-
a maddening confusion.??

Dorschner, J., "Andrew's Curse," The Miami Herald,
October 3, 1992. Tropic, p. 8.
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The chaos described resulted in contractors’ repair
estimates that were widely divergent. "Andrew’'s
devastating winds sent plywood prices flying, and
disrupted markets from roofing materials to heavy
equipment rentals."?? Everything became scarce. Homeowners
were willing to pay any price, to practically anyone
available, to make their homes habitable. "This was an
emotional response that is typical after a disaster."3°
Andrew not only affected material prices in South
Florida, but nationwide as well. "Plywood prices went
ballistic, sending shock waves up and down the supply
chain and setting the stage for a prolonged period of
high prices for contractors nationwide."®® Some
contractors refused to perform the work for the amounts
stipulated in the estimates written by insurance company
adjusters, since the estimates were nowhere near what the

market required.?’

34. Grogan, T., and Setzer, S., "Hurricane Triggers Price
Storm, " Engineering News Record, September 28, 1992. p.
25.

35. Setzer, S., "Andrew Blows Qut Plywood Prices," Engi-
neering News Record, September 28, 1992. p. 30.

36. Ibid, p. 30.

37. National Association of Independent Insurers, op. cit., p.5.
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The problems cited above were compounded by the

heightened activity of unlicensed individuals working as
contractors. "These unlicensed guys can charge at least
30 percent less than a licensed contractor, because they
don’t have to pay license fees, warehouse or office

rental, secretarial salary, or insurance."3®

Dishonest contractors were also a problem. Numerous
contractors were accused of “"overcharging, prevaricating,
prestidigitating, malingering, disappearing, or up-screw-
ing in the aftermath of Hurricane Andrew."3® As of August
1994 6,382 complaints resulting in 1,125 charges filed
had been lodged against contractors or individuals acting
in that capacity. As of this date the Dade County Con-
struction Fraud Task Force had already succeeded in
obtaining 83 felony convictions for post storm charges.?°

Some individuals were charged with defrauding hundreds of

38. Sheridan, T., "Unlicensed Contractors Tempt With Low
Prices, Quick Service," The Miami Herald, September 13,
1992. Home and Design p. 56.

39. Dorschner, J., *"Andrew’s Curse," op. cit., p. 8.

40. Hirsch, R., and Clifford, D., "Andrew, Recovery By The
Numbers, * The Miami Herald, August 24, 1994, p. 18A.
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homeowners.

Again, as with insurance settlements, questions
about the accuracy and uniformity of contractors’ repair
es;imates led the research team to shy away from their
use. Additionally, the research team believes that, as
was previously discussed with regards to divulging insur-
ance settlements, homeowners would have been reticent to
revealing repair costs for fear of disclosing net gain,
if any. This, combined with difficulty in establishing
communication with owners of comparables to obtain the
corresponding informaticon from them would also have
contributed to further reducing the sample size available

for the study.

3.4.3 ¢ . 3 value

Due to the just described problems with insurance
settlements and contractors’ repair estimates, the re-
search team decided to use changes in property wvalues
from 1992 to 1993 as determined by the Dade County

41. Hartman, T., "Contractor Arrested By Task Force," The
Miami Herald, August 20, 1994. p. 1B
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Property "Appraiser as the study’s measure of damage.

Appendix C contains a description of the damage
assessment process used by Dade County. Due to the tre-
mendous number of structures that suffered significant
damage, the damage assessment process utilized three
major building components to establish value adjustments
related to the storm damage. These were the roof, the
exterior wall, and the interior. The procedure focused
strictly on the amount of damage observed, together with
some assumptions regarding the extent of damage that

could not be observed.

The basic premise of the process was
that assumptions regarding levels of
interior damage could be made based
on the extent of observed damage to
the "roof" or "exterior wall" compo-
nents. For example, an observation
that  a significant percentage of the
reoof sheathing had been exposed
(without waterproof membrane) would
indicate that a large gqguantity of
water was allowed to enter the inte-
rior of the structure, thus causing
significant levels of water damage to
the "interior* component.?%?

42. Dade County Property Appraisal Department, Damage
Assessment: Field Inspection Process, internal department
document .
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Every property south of Kendall Drive (S.W. 88

street) was loocked at individually in one of three ways.
These included actual field inspections by Property
Appralisal field teams, information obtained from actual
field inspections made by the Dade County Building and
Zoning Department, and analysis of aerial photographs.
According to the Property Appraisal staff, a significant
number of the assessed value changes resulted from actual

field inspections of the properties.

The process used to obtain the changes in assessed
property values was not without its problems and weak-
nesses (see Findings, Conclusions, and Recommendations) .
The research team felt, however, that it would.be more
suitable than the other two potential damage measures.
The process, as described to the team, appears to have
been controlled by a formal set of rules designed to
carefully consider post storm damage situations and
building conditions. According to the Property Apprais-
er's Office, every effort was made to strictly adhere to
these rules. As a minimum, the process offered uniformity
and consistency in the determination of property value

changes. One additional benefit in its use was the rela-
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tive ease with which the research team was able to cbtain
information. The Dade County Property Appraisal Depart-
! ment spared no effort to cooperate with the team to make

this portion of the study possible.
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CHAPTER 4

SUMMARY OF DATA ANALYSIS

Note: This chapter presents an abbreviated discus-
sion of the data analysis performed in this project. The
discussion was summarized with the goal of maintaining a
focus on the results, rather than on the statistical
tools and processes used in the analysis. An unabbreviat-
ed version of the data analysis 1s contained in Appendix

A,

It was of interest in this study to determine if
shuttered houses suffered less damage, on the average,
than did non-shuttered (comparable) houses because of
Hurricane Andrew. Because hurricane damage differed
greatly among areas and types of houses, variation due to
variables other than the existence (or lack of) shutters,
such as architecture, orientation, exposure, area, and
wind velocity were eliminated by pairing houses - an
almost entirely shuttered house (shuttered), with one
that had no shutters on (comparable) during the storm.

The characteristics that were used to match houses have
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been previously discussed. Because of the difficulties
encountered in field data collection, of the original
pool of 239 potential shuttered houses only 32 met the
criteria for the study. Therefore the data analysis that

follows was performed on 32 matched pairs (total of 64)

of houses,

4.1 DAMAGE VARIABLES

Since direct measures of damage were not available,
indirect measures were used to approximate damage. They

were: dollar value loss from 1992 to 1993 in appraised

value of the building, and dollar value loss from 1992 to .

1893 in appraised total wvalue (building and land).
However, dollar value loss amounts varied widely , thus
threatening the ability of the statistical analysis to
detect differences between shuttered and unshuttered
houses. To reduce the fluctuations, dollar value losses
were transformed to percent losses, (dollar value losses
from 1992 to 1993 divided by the 1992 appraised values).
All statistical analyses were performed on the dollar
losses, and on the percent losses: appraised building

value percent loss from 1992 to 1993, and appraised total

42



value percent loss from 1992 to 1993. Note that analyses
on appraised total wvalues {building and land) and on
appraised total value percent losses were similar to

building-only analyses and are presented in Appendix A.

4.2 WIND SPEFED VARIABLE

To contrast the differences in damage between shut-
tered and comparable houses by the wind velocity, maximum
one minute sustained surface wind velocities that may
have occurred during Hurricane Andrew were obtained for

each pair of houses.®’

4.3 STATISTICAL METHODS USED IN THE ANALYSIS

Statistical analysis techniques used in comparison
of damages between shuttered and comparable houses in-
cluded parametric tests: t-tests, Pearson's correlation

coefficients, and regression analysis. Non-parametric

43. Powell, M.D., Houston, S.H., Dorst, N. and Christoe,
B., "Hurricane Andrew’s Wind Field At Landfall In South
Florida - Part II: Applications To Real-Time Analysis And
Preliminary Damage Assessment." Submitted to Monthly
Weather Review, 1994.
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tests were also performed to confirm the parametric tests
since sample sizes were small and variability was large.
These included Wilcoxon signed rank tests, Wilcoxon rank

sum tests, and Spearman’s rank correlations.

All tests were carried out at a 5% significance
level. Parametric and non-parametric tests agreed in all
cases; the statistical decisions remained unchanged at
the 5% significance level, although the p-values differed
somewhat in magnitude. Consequently, throughout this
analysis only the parametric results will be discussed.

(See Appendix D for a complete computer listing of the

statistical results).

4.4 COMPARISON OF APPRAISED VALUES FOR SHUTTERED AND
COMPARABLE,_HOUSES - 1992

Shuttered and comparable houses were matched on the
variables previously described (proximity, exposure,
orientation, architecture, etc.) but they were not di-
rectly matched on appraised values. To ascertain that
appraised values did not differ statistically between the

two groups of houses, t-tests were performed on mean
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two groups of houses, t-tests were performed on mean
appraised values for the buildings. For 1992, the 32
shuttered houses had appraised builaing values which
ranged from $30,877 to $428,072 with a mean of $102,756
{(sd = $81,803) while the 32 comparable houses had ap-
praised building values which ranged from $29,061 to
$283,666 with a mean of $82,059 (sd = $47,868). The mean
appraised building values did not differ significantly
(t=1.86, p<0.072). {See Table 1)}. Thus, not only did
the pairs of houses match on the characteristics of type
and location, but they also were well matched on ap-

praised building values for 1952.

Because houses were well matched, differences in
reductions in appraised values between pairs of houses
were caléulated by subtracting the reduction in appraised
value from 1992 to 1993 for the shuttered house from the
reduction for its comparable house. Thus, if the reduc-
tion difference was positive, the comparable house sus-

tained more damage than its matched shuttered house.
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4.5.1 Dollar Reduction in Appraised Building Values

Eleven of 32 pairs of houses (34% of the pairs) had
positive differences in reductions in appraised building
values. Building loss differences ranged from -$41,092 to
$135,069 with a mean loss difference of 3$4,065
(sd=528,077). (See Table 6). Although the mean building
loss difference was positive, suggesting that shuttered
houses had less average damage than their comparables,
due to the large variability and small number of pairs,
the mean loss was not significant at the 5% level
(t=0.82, p<0.210). To detect a mean loss difference as
large as was found 80% of the time with such a large
standard deviation, the study would have needed to review

408 pairs of shuttered and comparable houses.

4.5.2 Percent Reduction in Appraised Building Value

To mitigate the impact of variability on the dollar

values, differences were also calculated on the percent
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reductions in appraised building values from 1992 to
1993, where all differences were computed by subtracting
the percent reduction for the shuttered house from that
for the comparable house. Sixteen of the 32 pairs of
hoqses (50% of the pairs) had positive reduction differ-
ences, i.e., the shuttered houses sustained less percent
building loss than comparables. Percent reduction dif-
ferences ranged from -28.7% to 54.8%. {See Table 7).
The mean percent reduction difference of 5.1% was posi-
tive, but due to the substantial variability (sd=18.1%),
the mean loss could not be shown to be significant at the
5% level (t=1.59, p<0.061). The p-value of 0.061, howev-
er, suggests a marginally significant difference
(p<0.10). This means the result obtained would occur by
chance alone less than 1 out of 10 times in repeated

sampling.

Further examination of the building percent reduc-
tion differences revealed that for 4 pairs of houses
{12.5%), the shuttered houses sustained from 30.8% to
54.8% less damage than their comparables, while no com-
parables outperformed their matched shuttered houses by
such large percentages. However, twenty of the pairs of

houses (63%) differed in percent building loss by no more
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or comparable better than its matched shuttered). To
detect a mean percent difference as large as was found at
the 5% significance level 80% of the time, with the same
size standard deviation, the study would have needed to
review 108 pairs of houses. Although this is only one
guarter the number needed to detect the mean difference
in dollars, it is still three times as many pairs as were

available to this study.

4.6 RELATIONSHIP OF WIND VELOCITY WITH DAMAGE
4.6.1 Correlational Apalysis

The maximum one minute sustained surface wind that
may have occurred during Hurricane Andrew was determined
for each pair of houses in the study.** Wind speeds
ranged from 119 to 136 mph with a mean of 129.9 mph
(sd=4.9 mph). For shuttered houses, significant Pear-
son’s correlation coefficients were found between wind
velocity and percent building loss (r=0.48, p<0.002).
(See Fig. 11). For comparable houses, significant
Pearson's correlations were found between wind speed and

44. Powell, M.D., et al., op. cit.
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Pearson’s correlations were found between wind speed and
percent building loss (r=0.45, p<0.003). (See Fig. 10}.
Significant Pearson’'s correlation coefficients means that
higher wind speeds resulted in larger percent building
loss. However, correlations for the two groups of houses
were very similar, suggesting that the relationships
between damage estimates and wind speed were not appre-

ciably different for shuttered and comparable houses.

4.6.2 Regression Analysis

To determine what average percent loss resulted from
changes in wind speed, regression lines were fit to
shuttered and comparable groups. It should be noted that
the wind speed range is quite narrow for this set of
observations so extrapolation outside of the interval is
risky. Furthermore, regression analysis assumes the
variables are linearly related, so that wind speed and
percent damage must be assumed to have a linear relation-
ship over the given interval. This may or may not be
true in this hurricane situation. For shuttered houses,

an increase of one mile per hour in wind speed in this

range resulted in a significant mean increase in building
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loss of 1.7%, ( t= 3.02, p<0.002) . For comparable

houses, increases were similar. For an increase of one
mph in wind speed, the average percent building loss
significantly increased 2.4% (t= 2.73, p<0.003). al-
though these results are statistically significant, they
shoula be viewed as only a first step in relating changes

in wind speed to damage estimates.
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APPENDIX A

DATA ANALYSIS

Note: All tables and figures referenced in Appendix A are found
within Chapter 4 - Summary of Data Analysis, in the body of this

report.




APPENDIX A

DATA ANALYSIS

It was of interest in this study to determine if
shuttered houses suffered less damage, on the average,
than did non-shuttered (comparable) houses because of
Hurricane Andrew. Because hurricane damage differed
greatly among areas and types of houses, variation due to
variables other than the existence (or lack of) shutters,
such as architecture, orientation, exposure, area, and
wind velocity were eliminated by pairing houses - an
almost entirely shuttered house (shuttered), with one
that had no shutters on (comparable) during the storm
The characteristics that were used to match houses have
been previously discussed. Because of the difficulties
encountered in field data collection, of the original
pool of 239 potential shuttered houses only 32 met the
criteria for the study. Therefore the data analysis that

follows was performed on 32 matched pairs (total of 64)

of houses.



A.1 DAMAGE VARIABLES

Since direct measures of damage were not available,
indirect measures were used to approximate damage. They
were: dollar value loss from 1992 to 1993 in appraised
value of the building, and dollar value loss from 1992 to
1993 in appraised total value {(building and land).
However, dollar value loss amounts varied widely , thus
threatening the ability of the statistical analysis to
detect differences between shuttered and unshuttered
houses. To reduce the fluctuations, dollar value losses
were transformed to percent losses, (dollar value losses
from 1992 to 1993 divided by the 1992 appraised valﬁes).
All statistical analyses were performed on the dollar
losses, and on the percent losses: appraised building
value percent loss from 1992 to 1993, and appraised total

value percent loss from 1992 to 1993.

A.2 WIND SPEED VARIABLES

To contrast the differences in damage between shut-
tered and comparable houses by the wind velocity, maximum

oneé minute sustained surface wind velocities that may




have occurred during Hurricane Andrew were obtained for

each pair of houses.?%

A.3 STATISTICAL METHODS USED IN THE ANALYSIS

Statistical analysis techniques used in comparison
of damages between shuttered and comparable houses in-
cluded parametric tests: t-tests, Pearson’s correlation
coefficients, and regression analysis. Non-parametric
tests were also performed to confirm the parametric tests
since sample sizes were small and variability was large.
These included Wilcoxon signed rank tests, Wilcoxon rank
sum tests, and Spearman’s rank correlations. Non-para-
metric tests are statistical tests that do not use the
actual data values themselves as parametric tests do,
(dollar values and percents in this study), but instead,
use the ranks of the data values (from 1 to n), when the
data values are ordered from smallest to largest. (See

45, Powell, M.D., Houston, S.H., Dorst, N. and Christoe,
B., "Hurricane Andrew’s Wind Field At Landfall In South
Florida - Part II: Applications To Real-Time Analysis And

Preliminary Damage Assessment." Submitted to Monthly
Weather Review, 1994.



Appendix E for a complete computer listing of the statis-

tical results).

A.3.1 Means Analysis

T-tests are statistical tests used to assess whether
or not one mean differs from a given value, or whether or
not two means differ from one another. The tests are
appropriate when the data values have a bell-shaped
distribution or the number of observations is large
(n>50) and no extremely large or small values are
present. The non-parametric Wilcoxon signed rank tests
and rank sum tests are similar to t-tests except that the
statistics are calculated based on the ranks of the data
values. For this analysis, t-tests and Wilcoxon tests
were used extensively to test for differences between

shuttered and comparable groups on the damage variables.

A.3.2 Correlational Analysis

Pearson’s correlation coefficients measure the

strength of the linear association between two variables.




Correlation coefficients range from +1 to -1, with a +1

indicating a perfect positive (direct) linear relation-
ship between the two variables, and -1 indicating a
perfect negative (inverse) linear relationship. A
coefficient of 0 indicates that no relationship exists.
Spearman’s correlation coefficients are similar to Pear-
son’s, but are computed based on the ranks of the data
values. 1In this study, correlation coefficients were
used to measure the strength of the relationships between

the wind velocity and the damage variables.

A.3.3 Regression Analvsis

Regression analysis linearly relates a dependent
variable to one or more independent variables, in a
similar manner to correlation analysis. However, regres-
sion coefficients can be found that directly relate
changes in the independent variables to changes in the
dependent variable. In this study, the shuttered and
comparable houses’ damages were regressed on the wind
velocity to determine if changes in wind velocity could

predict changes in damage amounts.



A.3.4 Statistical Significance

For all tests, an appropriate test statistic and its
associated p-value were determined. A p-value is the
probability of obtaining the test statistic value by
chance alone, If the p-value is small, (less than
0.05), then the result is considered rare enough to
conclude that a significant difference exists. For
instance, in measuring damage, a significant difference
would mean that less than 5% of the time would the ob-
tained results be expected to occur in a random sample of
32 pairs of houses if the populations of shuttered and

comparable houses had similar amounts of damage.

Statistical hypothesis tests are carried out as one-
sided or two-sided tests. A one-sided test has an alter-
native hypothesis that is directional whereas a two-sided
test has an alternative hypothesis that is non-direction-
al. For example, in this study tests comparing mean
damages between comparable and shuttered houses were
directional since the alternative hypothesis was that
comparable houses sustained more damage than shuttered.
But tests comparing 1992 appraised values for shuttered

versus comparable houses were two-sided since it was of




interest only to see if a difference existed, either that
shuttered houses were appraised higher or that the com-
parables were. | Correlational and regression tests were
carried out as directional tests associating increases in

wind speed with increases in damage estimates.

All tests except for the regression analysis were
carried out both parametrically and non-parametrically at
a 5% significance level. Parametric and non-parametric
tests agreed in all cases; the staﬁistical decisions
remained unchanged at the 5% significance level, although
the p-values differed somewhat in magnitude. Conse-
quently, throughout this analysis only the parametric

results will be discussed.

A.4 COMPARISON OF APPRAISED VALUES FOR SHUTTERED AND
COMPARABLE HQUSES - 1992

Shuttered and comparable houses were matched on the
variables previously described (proximity, exposure,
orientation, architecture, etc.) but they were not di-
rectly matched on appraised values. To ascertain that

appraised values did not differ statistically between the



two groups of houses, t-tests were performed on mean
appraised values for the buildings and for the totals
(land and building). For 1992, the 32 shuttered houses
had appraised building values which ranged from $30,877
to $428,072 with a mean of $102,756 (sd = $81,803) while
the 32 comparable houses had appraised building values
which ranged from $29,061 to $283,666 with a mean of
$82,059 {(sd = $47,868). The mean appraised building
values. did not differ significantly (t=1.86, p<0.072).

{See Table 1).

Similarly, 1992 appraised total values (land and
building}, did not significantly differ between shuttered
and comparable houses {t=1.85, p<.073}. For the 32
shuttered houses, appraised total wvalues ranged from
$68,721 to $641,222 with a mean of $196,492 (sd=%$133,700)
while for the 32 comparables, appraised total values
ranged from $68,935 to $486,346 with a mean of $175,063
{sd=$96,595). (See Table 1). Thus, not only did the
pairs of houses match on the characteristics of type and
location, but they also were well matched on appraised

building and total wvalues for 1992.




A.5 REDUCTION IN APPRAISED BUILDING AND TOTAL VALUES FROM

1992 TO 1993

Because the damage variables were rough measures
made by many different inspectors, the distributions of
damage estimates (calculated as differences between 1992
and 1993 appraised values) were examined carefully and
mean losses were tested to confirm that overall, ap-
praised values did decrease as would be expected after
the hurricane. Although this may be expected to be
obvious after a hurricane such as Andrew, it may have

been possible to have randomly chosen a set of houses

with no damage as measured by the variables used in this -

study. This could have occurred as a result of poor
selection or due to arbitrary appraising. The fact that
significant average reductions in appraised building and
total values exist, however, indicates that meaningful
comparisons of reductions between shuttered and compara-

ble houses can be made.



After the hurricane in 1993 appraised building
values for the 32 shuttered houses had decreased to a
range of $16,855 to $398,503 with a mean of $89,756 (sd
= $76,4761}. Thus, actual reduction in appraised build-
ing values ranged from $0 to $147,763 with a mean reduc-
tion of $13,000 (sd = §26,422),. (See Tables 1,2).
Thirty of the 32 shuttered houses suffered building
damage (as measured in dollars) and this mean loss was
significant (t=2.78, p <0.005). Percent losses from 1992
to 1993 in appraised building values for the shuttered
houses ranged from 0% to 65.6% with a mean percent loss
of 12.4% (sd = 17.2%), which was also significant

{t=4.09, p<0.001). (See Tables 1,3).

A.5.2 Comparable Houses' Reduction in Appraised Building
Yalue

A similar pattern emerged for the 32 comparable
houses. After the hurricane in 1993, appraised building

values had decreased to a range of $621 to $143,801 with




a mean of $64,993 (sd = $35,602). Actual appraised

-

building value losses ranged from -$270 to $139,865 with
a mean loss of $17065 (sd = $31,748), (See Tables 1,2).
Again, 30 of the 32 houses suffered damage with a signif-
icant observed mean loss (t=3.04, p <0.002). The percent
losses from 1992 to 1993 in appraised building values
ranged from 0.6% to 99.0% with a mean percent loss of
17.5% (sd = 27.0%), which was also significant (t=3.67,
p<0.001). (See Tables 1,3).

Similar analyses were carried out on damages as
measured by the difference between 1992 and 1993 total
appraised value, However, the damage estimates found
using total appraised values (the sum of appraised build-
ing and land values) muted the effect of the hurricane
since most of the hurricane damage was reflected in the
appraised building loss and not in the appraised land
value loss. Appraised land values changed very little
from 1992 to 1993. In fact, no appraised land values
decreased from 1992 to 1993 for any of the houses, but in
5 of the 32 shuttered houses (16%) and in 4 of the 32
comparable houses (13%), appraised land values actually
increased after the hurricane, thus lessening the overall

total appraised loss for those houses.

J
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For the shuttered houses total appraised wvalues
decreased in 1993 with values ranging from $40,5%6 to
$611,653 with a mean of $185,752 (sd=$125,293). The mean
dollar loss from 1992 to 1993 on total appraised values

for this group of houses was $10,740 (sd=$27,604) and was

significant (t=2.20, p<0.018), with total appraised
losses ranging from -$14,810 to $147,763. {See Tables
1,4). ©Only 26 of the 32 shuttered houses (81%) had

damage from the hurricane as measured by the tota; ap-
praised loss. As with the total dollar loss variable,
the percent loss variable on total appraised values from
1992 to 1993 was smaller than the appraised building
loss, since it included the appraised land values which
did not decrease because of the hurricane. The mean
percent total loss for shuttered houses was only 5.2%
{sd=10.8%) compared to the mean percent building loss of
12.4% (sd=17.2%), but was still significant (t=2.71,

p<0.005). (See Tables 1,5}).




A.5.4 Comparable Houses’ Reduyction in Appraised Total

Value

For the comparable houses total appraised values in
1893 decreased to a range of $42,402 to $370,853 with a
mean of $157,903 (sd=$83,163). Thus, dollar losses from
1992 to 1993 on total appraised values ranged from
-$15,531 to $139,865 with a significant observed mean
loss of $17,160 (sd=$35,781; t=2.71, p<0.005). {See
Tables 1,4). Twenty-five of the 32 comparables (78%)
suffered damage from the hurricane as measured by the
total appraised loss. The mean percent total loss for
the comparables of 8.6% (sd=17.0%) was significant
{(t=2.84, p<0.004), even though it was much smaller than
the mean percent building loss of 17.5%. (See Tables
1,53). 1In summary, all damage estimates confirmed statis-
tically that appraised values, on the average, decreased
after the hurricane as would be expected., Furthermore,
percent.total losses were less than percent building
losses because the addition of land values lessened the

total damage impact.



Because houses were well matched, differences in
reductions in appraised values between pairs of houses
were calculated by subtracting the reduction in appraised
value from 1992 to 1993 for the shuttered house from the
reduction for its comparable house. Thus, if the reduc-
tion difference was positive, the comparable house sus-

tained more damage than its matched shuttered house.

A.6.1 Dollar Reduction in Appraised Building Values

Eleven of 32 pairs of houses (34% of the pairs) had
positive differences in reductions in appraised building
values. Building loss differences ranged from -$41,092 to
$135,069% with a mean loss difference of $4,065
(sd=%28,077). (See Table 6). Although the mean building
loss difference was positive, suggesting that shuttered
houses had less average damage than their comparables,
due to the large variability and small number of pairs,

the mean loss was not significant at the 5% level




(£t=0.82, p<0.210). To detect a mean loss differénce as

large as was found 80% of the time wi;h such a large
standard deviation, the study would have needed to review

408 pairs of shuttered and comparable houses.

A.6.2 Percent Reduction in Appraised Building Value

To mitigate the impact of variability on the dollar
values, differences were also calculated on the percent
reductions in appraised building values from 1992 to
1993, where all differences were computed by subtracting
the percent reduction for the shuttered house from that
for the comparable house. Sixteen of the 32 pairs of
houses (50% of the pairs) had positive reduction differ-
ences, i.e., the shuttered houses sustained less percent
building loss than comparables. Percent reduction dif-
ferences ranged from -28.7% to 54.8%. (See Table 7).
The mean percent reduction difference of 5.1% was posi-
tive, but due to the substantial variability (sd=18.1%),
the mean loss could not be shown to be significant at the
5% level (t=1.59, p<0.061). The p-value of 0.061, howev-
€r, suggests a marginally significant difference

(p<0.10). This means the result obtained would occcur by

(---------_I



chance alone less than 1 out of 10 times in repeated

sampling.

Further examination of the building percent reduc-
tion differences revealed that for 4 pairs cf houses
{12.5%), the shuttered houses sustained from 30.8% to
54.8% less damage than their comparables, while no com-
parables outperformed their matched shuttered houses by
such large percentages. However, twenty of the pairs of
houses (63%) differed in percent building loss by no more
than 5% either way (shuttered better than its comparable
or comparable better than its matched shuttered). To
detect a mean percent difference as large as was found at
the 5% significance level 80% of the time, with the same
size standard deviation, the study would have needed to
review 108 pairs of houses. Although this is only one
gquarter the number needed to detect the mean difference
in dollars, it is still three times as many pairs as were

available to this study.

A.6.3 Dollar Reduction in Appraised Total Value

Similar analyses were performed on the differences

between shuttered and comparable houses in reduction in




total appraised value. Twelve of 32 pairs of houses (38%)

had positive total reduction differences. Total loss
differences ranged from -%41,092 to $135,069 with a mean
loss difference of $6,420 (sd=$31,515). (See Table 8).
Note that because most appraised land values did not
change from 1992 to 1993, the total dollar reduction
difference reflected the building dollar reduction dif-
ference closely, so the mean and standard deviation for
total reduction differences were very similar to those of
building reduction differences. Mean total dollar loss
was positive, but it was not statistically significant
(t=1.15, p<0.129). 1In order to detect a mean loss dif-
ference of the size observed with the same amount of
variability 80% of the time, 206 pairs of houses would

have to have been studied.

A.6.4 Percent Reduction in Appraised Total Valye

Fifteen of the 32 pairs of houses (47%) had positive
percent total reduction differences, i.e., in 47% of the
pairs, the shuttered house had less percent total loss
than did its comparable. Percent total loss differences

ranged from ~-15.0% to 49.5% with a positive mean percent



loss of 3.4% (sd=12.5%}. (See Table 9). At the 5%
significance level, the mean percent total loss was not
significant (t=1.52, p<0.069%). The p-value of 0.069
suggests a marginally significant difference (p<0.10}.
this means the result obtained would have occurred in
repeated sampling less than 1 out of 10 times by chance
alone. As with percent building loss results, in 4 pairs
of houses the shuttered house sustained from 26.2% to
49.5% less damage than its comparable, while no compara-
ble outperformed its match by such a large percentage.
However, 23 of the 32 pairs (72%) differed from each
other by no more than 5% total loss. In order to detect
a mean percent total loss difference as large as was
observed under the same circumstances, 80% of the time,

116 pairs of houses would have to have been studied.

A.7 RELATIONSHIP OF WIND VELOCITY WITH DAMAGE
A.7.1 Correlational Analvsis

The maximum one minute sustained surface wind that

may have occurred during Hurricane Andrew was determined




for each pair of houses in the study.?® Wind speeds

ranged from 119 to 136 mph with a mean of 129.9 mph
(sd=4.9 mph). For shuttered houses, significant Pear-
son’s correlation coefficients were found between wind
velocity and percent building loss (r=0.48, p<0.002), and
wind speed and percent total loss (r=0.50, p<0.001).
(See Fig. 11,13). For comparable houses, significant
Pearson’s correlations were found between wind speed and
percent building loss (r=0.45, p<0.003) and between wind
speed and percent total loss {(r=0.44, p<0.003). (See Fig.
10,12). Significant Pearson’s correlation coefficients

means that higher wind speeds resulted in larger percent

building and total losses. However, correlations for the -

two groups of houses were very similar, suggesting that
the relationships between damage estimates and wind speed

were not appreciably different for shuttered and compara-

ble houses,

A.7.2 Regression Analvsis

To determine what average percent loss resulted from

changes in wind speed, regression lines were fit to

46. Powell, M.D., et al., op. cit.



shuttered and comparable groups. It should be noted that
the wind speed range is quite narrow for this set of
observations so extrapolation outside of the interval is
risky. Furthermore, regressicon analysis assumes the
variables are linearly related, so that wind speed and
percent damage must be assumed to have a linear relation-
ship over the given interval. This may or may not be
true in this hurricane situation. For shuttered houses,
an increase of one mile per hour in wind speed in this

range resulted in a significant mean increase in building

loss of 1.7%, ( t= 3.02, p<0.002), and a significant mean
increase in percent total loss of 1.1%, (t=3.18, p <
0.001). For comparable houses, increases were similar.

For an increase of one mph in wind speed, the average
percent building loss significantly increased 2.4% (t=
2.73, p<0.003), and the average percent total loss sig-
nificantly increased 1.5% (t= 2.69, p<0.003). Although
these results are statistically significant, they should
be viewed as only a first step in relating changes in

wind speed to damage estimates.




APPENDIX B

i SAMPLES OF LETTERS USED TO SOLICIT THE

COOPERATION OF HOMEOWNERS OF POTENTIAL SHUTTERED HOUSES



National Hurricane Center
1320 South Dixie Highway
Coral Gables, FL 33146-2967

16 August 1993

Mr. John Doe
Address
Miami

Dear Mr. Doe:

To properly assess damage related to Hurricane Andrew and
prescribe proper defensive measures for the future, it is necessary
to conduct certain studies. Organizations such as The National
Hurricane Center and Florida International University have been
asked by government authorities to do some of this work.

One of the studies which we are conducting is to define levels
of damage in homes that were protected by hurricane shutters versus
levels of damage in homes that were not so protected when Andrew
came through. This is a joint study being shared by the National
Hurricane Center and the Department of Construction Management at
FIU.

There are several important variables we must consider in the
study that require factual input from homeowners whose property was
located in the gecographical area of interest. You have been chosen
as one of those property owners we feel will be able to help us to
develop the necessary data. Therefore, we solicit your cooperation
in a field type survey we shall conduct over the next few months.

You will be contacted shortly by Mr Lorenz Minicone, P.E. who
is a Research Associate in Construction with the University and is
working on this joint effort project. He will be asking a series
of questions related to shutters, damage, and restoration. We
trust that you will find the time to share your experience with us
through Larry and help us refine our thoughts in the interest of
conservation of property and community betterment.

Sincerely,

Dr. Robert C. Sheets, Director Prof. Wilson C. Barnes, AIA
National Hurricane Center Dept. of Construction Management
Florida International University




National Hurricane Center
1320 South Dixie Highway
Coral Gables, FL 33146-2967

2B September 1993

Mr. Jchn Doe
Address
Miami

Dear Mr. Doe:

To properly assess damage related to Hurricane Andrew and
Prescribe proper defensive measures for the future, it is necessary
to conduct certain studieg. Organizations such as The National
Hurricane Center and Florida International University have been
asked by government authorities to do some of this work.

One of the studies which we are conducting is to define levels
of damage in homes that were protected by hurricane shutters versus
levels of damage in homes that were not so protected when Andrew
came through. This is a joint study being shared by the National

Hurricane Center and the Department of Construction Management at
FIU.

There are several important variables we must consider in the
study that require factual input from homeowners whose property was
located in the geographical area of interest. You have been chosen
as one of those property owners we feel will be able to help us to
develop the necessary data. Therefore, we solicit your cooperation
in a field type survey we shall conduct over the next few months.

You will be contacted shortly by Mr Lorenz Minicone, P.E. who
is a Research Associate in Construction with the University and is
working on this joint effort project. He will be asking a series
of questions related to shutters, damage, and restoration. We
trust that you will find the time to share your experience with us
through Larry and help us refine our thoughts in the interest of
conservation of property and community betterment.

Sincerely,

Dr. Robert C. Sheets, Director Prof. Wilson C. Barnes, AIA
National Hurricane Center Dept. of Construction Management
Florida International University



National Hurricane Center
1320 South Dixie Highway
Coral Gables, FL: 33146-2967

1 February 1994

John Doe
Address
Miami

" Dear Mr. Doe:

Last fall we attempted to contact you but were not successful.
With this letter, we are re-sending our original letter which
explained our mission and interest in talking with you.

Mr. Larry Minicone will again attempt to reach you by phone.
Should you not speak with him within ten days of your receiving
this letter, we request that you be kind enough to call one of the
following numbers and leave a message as to how and when he can
contact you by phone: Dade - 348-3172 or Broward - 475-4183.

We understand that you may have been through a trying time
recovering from the hurricane, but your cooperation with our
efforts should result in future benefit to all the people of South
Florida.

Sincerely,

Dr. Robert C. Sheets, Director Prof. Wilson C. Barnes, AIA
National Hurricane Center Dept. of Construction Management
Florida International University




11 March 1994

Mr. John Doe
Address
Miami

Dear Mr. Doe:

We have made several attempts to contact you since your home
is one that is important geographically to data we are collecting
on consequences of Hurricane Andrew.

Our effort is legitimately framed as part of research
sponsored by the State of Florida and is not connected in any way
with sales promotion of any kind.

We are now in the closing stages of our survey. We would be

most appreciative if you could call one of the numbers in the
enclosed letter copy and tell us how and when we can call you back.

Sincerely,

Wilson C. Barnes, AIA
Assistant Professor



APPENDIX C

DADE COUNTY PROPERTY APPRAISAL DEPARTMENT
DAMAGE ASSESSMENT: FIELD INFORMATION PROCESS

DATA ENTRY GUIDELINES




Damage Assessment: Field Inspection Process

The damage assessmentjvaluation adjustments for 1393 tax roll will be based on
the estimated costs to repair storm damage inflicted on a structure. Due to the
tremendous number of structures that suffered significant damage. a simplified
damage assessment process using major building components has been
developed. This procedure will expedite the field inspection process required for
velue adjustments related to the storm damage. '

The "Field Inspection Process" will be one of three techniques to be employed in
estimating the value adjustments necessary for the 1993 tax roll values. The other
two techniques include the use of some information obtained in the field by the
Dept of Building end Zoning, as well as, additional information obtained by this
Dept from the analysis of aerial photographs. The technique utilizing aerial
photagraphs will only be employed where the roof and roof related damage is
Clearly visible to the aerial analysis teams. Therefore. there will be a large
number of properiies that cannot be adjusted using the other two technigues. It
should be noted that the full range of damage is expected to be encountered by
the field inspection teams.

The properties to be field inspected will present the staff with its most difficult
damage assessmenttask. The expected high volume of inspections and the
vaviations of damage likely to be encountered during the field inspection process
requires a completely new procedure unlike that which has been used by this
office in the past The revised procedure will facus strictly on the amount of
damage observed together with some assumptions regarding the extent of
damage that cannot be observed. Building jackets will not be used in this
procedure.

The basic concept of this procedure is to convert observed damege to an
estimate of repair costs (.e."costs-to-cure™ which is calculated as additionel
physical depreciation. The "costs-to-cure*® have been developed from cost
estimating publications and localized information which reflect the tremendous
increase in construction costs afler the storm. '



As mentioned, this *Field Inspection Process" will utilize three major building
components as a basis: 1) roof; 2) exteriar wall; 3) interior.

The "roof” component includes the following:
A) Roof cover (tite, shingles. shakes, etc):
B} Waterproof membrane (tarpaper, rolled slate, hot mopped tar, etc.y
C) Sheathing or decking (plywood panels, particle board panels, tongue &

groove boards, efc.);
D) Trusses (roof supporling structure including raflers, joists, etc.)

A

The "exerior wall* component includes the following:
A) Perimeter bearing wall (concrete block, poured concrete, wood frame)
B) Exterior wall finish (stucco, siding, stone or brick veneer)
C) Exterior windows and doors
D) Geble walls (typically attached to end truss in gable style roof)

The "irterior” component includes the following:
A) Interior walls, doors and tim
B) Ceiling and insulation
C) Floor coverings {carpet, tile, wood, merble, etc)
D) Electical panel, wiring, fixtures. builtin appliances and AC mechanical)
E) Plumbing

The basic premise utilized in this damage assessment field inspection process is
thet assumptions regarding levels of interior damege can be made based on the
extent of observed damage to the "roof* or "exterior wall” components. For
example, an observation that a significant percent of the roof sheathing had been
exposed (without waterproof membrane) would indicate that a large quantity of
water was allowed to enter the interior of the structure, thus, causing significant
levels of water damage to the "interior* component

However, if the roof, in example ebove, had been replaced at the ime of
inspection, the assumptions could not be made regarding the level of damage to
the *interior” component In the (atler case, the "roof* componentis not damaged,
but, the "interior" component may still be heavily demeged. thus, requiring further
efforts by the field inspector.




A

As indicated previously, the *exterior wall” component is made up of a number of
items. Damage to some of these items included in the "exterior wall" component

may resultin significant interior damage (i.e. doors, windows, gable walls), while
others may not (L.e. wall finish). ‘

This simplified inspection procedure requires an inspection of the building
structures only. Extra feature items will be given the same additional physical

depreciafion as the building structure to which they are coded in the electronicfile.

Groups orteams of Evaluators will be assigned to ereas within a targeted section.

The sections will be the primary geographic control unit for racking the progress
ofthe damege assessmentwork completed by field inspection.
Each team will be provided with the {ollowing information:
1) A *Field Processing Control List* for the areas within the section:
2) RED! section maps; .
3) Other maps which may be useful in locatingfidentifying the properties to be
inspected in the field.

The *Field Processing Control List" will be produced in folio order and includes
afolio number, address, CLUC, year built property owner, value, PA's building
number. B & Zflag eeriel flag and the legal description of each parcel. The B& Z
and aerial flags (B or A) will be shown on the "Field Processing Control List* to
assistthe Evaluator in locating the properties requiring field inspections. The
portion of the form where the damage assessmentinformation is to be recorded is
organized into five entry line items. These five lines require a percentage entry
when applicable (in 5% intervals only): '

1} Roof Sheathing Missing or Exposed* %
2) Roof Trusses Missing or Damaged %
3} Roof Cover Missing or Damaged* %
4) Exderior Wall Damage “%
5) Interior Damage™ %




An entry is made on this line to reflect the percentage of all roof sheathing (.e.
decking) that has become exposed or is actually missing. The entry made on this
line eliminates the need o make entries on the issi

fine and the Interior Damage line. When this line is entered into the computer an
automatic calculation of the eppropriste percent of demage to Boof Cover

Missing or Darnaged and [nterior Damage will teke place.

*Please note, itis exiremely important when an entry is made on this line that

entries not be made on the Roof Cover Missing or Damaged line and the [nterior
Damage line. This will cause the entry personnel to retum the form to the
Evaluator for correction, as the computer will not accept entries on these lines if

the Roof Sheathing Missing ot Exposed line has & number entered.

An entry is made on this line to reflect the percentage of all roof trusses that are
damaged or missing. There are no automatic calculations made to other
components with this entry.

An entry is made on this line to refiect the percentage of all roof cover {tle.
shingles. shakes, etc) missing or damaged. This entry is o be used when only the
roof cover is missing or damaged and there is no apparent damage to the
waterproof membrane (tarpeper. rolled slate, hotmopped tar, etc). There are no
automatic calculations made to other components with this entry.

~Diease note, itis extremely importantwhen an entry is mede on this line that an

entry has not been made on the Roof Sheathing Missing or Exposed line. This will

cause the entry personnel to return the form to the Evaluator for comection, as the

computer will notaccept an entry on this line if the Rgof Sheathing Missing ot
Exposed line has a number entered.




An entry is made on this line to reflect the percentage of the exterior wall that
sustained damage. There are no automatic calculations made to other
components with this entry.

In meking this estimate use the following guides: 5% for each gable wall
damaged or missing ; Doors and windows meke up 30% of exerior wall,
therefore, determine the ratio of damaged doors/windows to total and multiply by
30% (.30} and round to the nearest percent

Important notes:

Remember to meke appropriate entry onthe Roof Trusses Missing or Damaged

fine if gable wall is demaged or missing.

if doorswindows are damaged/missing, determine extent of interior damage.

Interior Damage _
An entry is made on this line to refled the percentage of the interior component
damaged from wind or water. If an entry has been made on the |

Missing or Exposed fine then no entry is necessary for this line (see explanation
under Boof Sheathing Missing of Exposed).

*Please note, itis extemely important when an entry is made on this line that an

entty has not been made on the Boof Sheathing Missing or Expoged line. This will

cause the enlry personnel to return the form to the Evaluator for correction, as the

computer will not accept an entry on this line if the Roof Sheathing Missing or

Exposed line has a number entered.



Upon the assignment of a area to a team, the “Field Processing Control List",
section maps and other maps will be provided. The inspection work will generally
proceed in folio order within a subdivision (including when a subdivision crosses
a section line) and the Evaluator indicating on the "Field Processing Control List®
the eppropriate damage assessment entries by folio number.

The following steps are suggested upon arrival 1o a property 1o be inspected:

1) Match the address of the property to that on the "List"
2) lf the address does not match, check the name on the mail box, wall, etc. with
that on the "List".
3) Utilize the tegal' description to identify the subject parcel on the location maps
provided. _
4) Examine the condition of the roof component by looking for.
a) Trusses and/or gable wall missing or demaged
b) Exposed/missing sheathing as a percentege of total roof area.
c) Areas of temporary repeirs indicated by use of tarps, plastic sheets orfelt
tintagged on a portion of the roof. (if due to the temporery repairs, a
determination cannot be made regarding the exient of roof damage . use ~
5% on the Roof Sheathing Missing of Exposed fine JTF Poss. b, 11y se Torerisr L
d) Same as "c” buta gable wall is obviously damaged or missing. (Use
20% on the Roof Sheathing Missing or Exposed line and an appropriate
‘percentage on the Roof Trusses Missing of Damaged line.

e) Missing or damaged facia boards. (especially where there is evidence of
an attached screen enclosure torn away) Check interior for damage

{} Roof cover damaged or missing .but waterproof membrane undamaged.
(if the entire roof has new felyrolled slate tirriagged end ready for new roof
cover use 100% on Roof Cover Missing or Damaged line and check for
interior damage).

g) New roof (fresh color w/o fading and shiny drip edge). Check interior for
damage.

1




b) Examine the condition of the exterior wall component by looking for:

&) Holes and cracks along tie-beams and wood frame walls (Indicates
possible structurel endj/or roof truss damage)

b) Obvious shifling of wood frame walls. (especially 2nd story)

¢} Siding or stucco missing from wood frame wallls. _

d) Damaged and/for boarded-up window and door openings. Check interior
for damage. (see instructions for the Exerior Wall Damage line)

e) New windows which may be a clue regerding interior damage (check for
stickers or sticker glue on panes, fresh stucco and/or chaulking around
window frames)

fy New entry doors which, together with item e, may indicate interior damage.

6) Determine the condition of the interior component by looking for:

(This is not necessary if an entry has been made on the Boof Sheathing .

Missing ot Expoged line)

a) Open structure with clear entry. Check ceilings, walls, floor coverings, etc.
for missing and/or damaged areas and estimate the % of the total interior
floor area with significant damage.

| 1) Look for exposed partitions and ceiling joists. (under repair)

2} Look for water stains, mildew and mold on ceilings and walls.

J) Look for sagging ceilings and walls

4) Look for damaged cabinets and vanities. (swelling paricle board
and separated laminate)

b) The owner/occupantiworkers that you can interview sbout interior
damage.

1) Check to see if there is someone in a camper or trailer on site used
as temporary living gtrs. or construction office.

2) Only after atlempting item 1 and you cannot find anyone on site, try to
look through windows/glass doars to determine the extent of interior
damage.

c) Check to see if there is a dumpster or rubbage pile with old drywall.
insulation and other interior materials.

d) Check electric meter to see if any electrical appliances are on.

e} Check exterior hose connection for water flow. :

if you cannot determine the extent of interior damage due lo lack of access or
personal contact but items 6c.d and e suggest that the structure has sustained
interior damage. use 10% or 15% on the Interior Damage line. '



In this damage assessment process, time is of the essence. so every
attempt shauld be made to expedite the field inspection procedure.
However, this should not wark to the detriment of the taxpayers.
Please give the taxpayer every benefit of the doubtin this damage
assessment process. :

Exercise Samples:

1) A single family home appears 1o have some roof shingles missing and portions -

of the roof temporarily repaired with felt (1.e. tarpaper). The area missing shingles
is approximately 5% of the total roof aree. The porlions of temporary repairs
equal approximately 20% of the total roof ares. The exterior walls are OK except
for some minor areas with chipped paint. There is no evidence of damaged
windows or doors. The degree of interior damage connot be determined. but the
electric and water are on. Yhat entries should be made on the *Field Processing
Control List" 7 Why?

Roof Sheathing Missing or Exposed %
Roof Trusses Missing or Damaged “%
Roof Cover Missing or Dameged %
Exterior Wall Demage %
Interior Damage %

2) All facts ere the same as #1 with the exception of those relating to the roof
damage. In this case approximately 50% of the roof tite is damaged or missing.
however, the waterproof membrane is still intact. What ertries should be made on
the "Field Processing Control List® ? Why? :

Roof Sheathing Missing or Exposed %
Roof Trusses Missing or Damaged %
Roof Cover Missing or Damaged %
Exterior Wall Damage %
Interior Damage %




3) A cluster home sppears to have approximately 25% of the reof tiles missing
and damaged. The sheathing is visible in scatiered areas of the roof and equals
approximately 20% of the total roof area. A geble wall is leaning back into the roof
slightly and it eppeers that the first 2 trusses on that end are damaged. The
structure has atotal of 12 windows and 3 entry doors, of which 3 windows are
boarded up. Interior damage cannot be determined. What entries should be
made on the “Field Processing Control List" ? Why?

Roof Sheathing Missing or Exposed %
- Roof Trusses Missing or Damaged %
Roof Cover Missing or Damaged %
Exterior Wall Damage %
Interior Damage %

4) A large ranch style home appears to have afreshly "dried-in" roof. The entire
roof has new tintagged felt new drip edge, new flashings and no roof shingles.
All the windows and sliding glass doors are new with stickers stilf visible. in the
driveway there is a dumpster containing debris including drywall, plaster,
insulation, etc. When looking through the sliding glass doors, all pariitions and
ceiling joists visible are down to the wood. What entries should be made on the
*Field Processing Control List* ? Why?

Roof Sheathing Missing or Exposed %
Roof Trusses Missing or Damaged %
Roof Cover Missing or Damaged %
Exterior Wall Damage %
Interior Damege %




Shesathi IS ine
Use 5% entry when -

Exposed, missirg, darmaged sheathing equals approximately 5% ofthe total roof
area. (exposed includes ereas where membrane is damaged)

Temporary repairs {i.2. tarps, plastic sheets, tarpaper paiches) cover 50% 0t
legs of the total roof area and no other darmage information can be observed or
obtained.

Use 10% entry when -

Exposed. missing, dermaged sheathing equals spproximatety 10% of the total

- roof area. (exposed includes areas where membrene is demaged)

Temporary repairs (i.. tarps, plastic sheets, larpaper palches) cover more than
£0% of the total roof area and po other damage inforrnetion can be observed or
obtained.

Temporary repairs (.. tarps, plastic sheets, tarpaper patches) cover aporion
of the roof erea and intesicr damage of less than 40% ot the floor area can be

observed or estimated by other means.
Use 15% entry when -

Exposed. missing, dameaged sheathing equals approximately 15% of the total
roof ares. (exposed includes areas where membrane is darnaged)

Temporary repairs (i.e. tarps. plastic sheets, tarpaper patches) cover aporion
of the roof area and Wmuﬁmmmﬂi&ﬁndﬁﬂ?s of the floor area

can be observed or estimaled by other means.
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Use 20% entry when -

Exposed. missing. damaged sheathing equals approximately 20% of the total
roof area. (exposed includes ereas where membrane is damaged)

Roof damage includes a damaged or missing gable wall.

Temporary repairs (i.e. tarps, plastic sheets, tarpaper paiches) cover apodion
of the roof evea and mﬂmmmgmj_b_em_enjﬂmw_ﬂﬂ_g % of the fioor area

can be observed or estimated by other means.
Use 25% + entry when -

Exposed, missing. damaged sheathing equals approximately 256%+ of the total
roof area. (exposed includes ereas where membrane is damaged)

Roof demage includes two or more damaged or missing gable walls.
Temporary repsirs (i.e. tarps, plastic sheets, tarpaper patches) cover aportion
of the roof area and interior damage of more than 80% of the floor area can be

observed or estimeted by other means.

Use 5% entry when-

Missing or damaged roof trusses equal approximately 5% of the total roof area.
There is one damaged or missing gable wall.

Use 10%+ entry when -

Missing or darnaged roof trusses equal 10% or more of the total roof area.

There is two or more damaged or missing gable walls. (5% per gabie wall)

12



Roof \iss/Dma line*
Use 100% entry when -

There is damage to roof tile, shingle, shekes but membrane is stifl intact.
(Note: if no temporary repairs ere evident assume mermbrane is OK)

Roof is permanently “dried-in® with new felt/ terpaper tin-legged andfor cemented,
awaiting new cover.

- * (Do not make exiry here if Roof Sheathing Miss/EXp line has an entry)

ExteriorWall [ i
Use 5% entry when-

Missing or damaged windows/doors equel epproximately 5% of the total extenor
wall area. (Doors and windows make up spproximately 30% of the exterior wall,
therefore, determine the ratio of damaged doorsjwindows to total doors fwindows
and multiply by 30% (.30) and round 1o the nearest b percent)

There is one demaged or missing gable wal.

Use 10%+ entry when -

Missing or demaged windows/doors equal approximatety 10% or more of the
total exterior wall area. (See formula above)

There is two ot mere dameged or missing gable wells. (5% per gable wall)




Use 5% entry when -

There is approximately 5% of the interior floor area damaged or under repair.

There is no significant damage to roof tile, shingle. shakes but a minimal number
(5%) of windows/doors are bosrded-up but po other demage information can be
observed or obtained.

Roof is permanently "dried-in" with new felt/ tarpaper tin-lagged and/or cemented,

awaiting new cover. However, a minimal number (5%) of windows/doors are
boarded-up but no ottier damage information can be observed or obtsined.

Use 10% entry when -
There is approximately 10% of the interior floor aree damaged or under repair,

There is no significant damage to roof tile, shingle, shekes but a moderate
number (10%) of windows/doors are boarded-up but o other damage information
can be cbserved or obtained.

Roof is permanenty *dried-in* with new fely/ tarpaper tin-tagged and/or cemented,
awaiting new cover. However, a moderate number(10%5) of windows/doors are
boarded-up but na other damage information can be observed or obtained.

14
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Use 15%+ entry when -

There is approximatety 15% or more of the interior floor eves damaged or under
fepair.

There is no significant damage 1o roof tile, shingle. shekes but a targe number
(15%+) of windows/doors are boarded-up but o other damage information can

be observed or obtained.

Root is permanently “dried-in® with new felt/ terpaper tin-lagged and/or cemented,

awaiting new cover. However, a lerge number (15%+) of windows/doors ere
boarded-up butno other damage information can be observed or obtained.

There is no significant roof damage butthere is & dumpster ot rubbish pile
containing drywall. insulation, etc. end the electric and/orwaler appear to be off.

However, no other dameage informetion can be observed or obtained.

~ (Do notmake entry here ff Roof Sheathing Miss/Exp line has an entry)
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Damage

Interior
5%
10%
15%
20%
25%
30%
35%
50%
75%
100%

Exterior
5%
10%
15%
20%
25%
30%
35%
50%
75%
100%

Roof Cover
5%
10%
15%
20%
25%
30%
35%
50%
75%
100%

Roof Trusses

5%
10%
15%
20%
25%
30%
35%
50%
75%
100%

W anwnwdn naongagaunharn

oo uwanwenn

Additional Depreciation

5%
10%
16%
21%
26%
31%
36%
52%
74%
93%

0%
0%
13
1%
1%

2%
2%
3%
5%

0%
1%
1%
13
13
2%
2%
3%
4%
6%

‘il N I T N e



roof Sheathing Exp/Missing = Roof cover = interior = Additional Depreciation

Note:

1)

5% = 30% = 20% =
10% = 60% = 40% =
15% = 20% = 60% =
20% = 100% = 80% =
25% = 100% = 100% =

Area percentages can be allocated in 5% increments up to 100%.
On roof cover and roof trusses the 5% or 10% area adjustments will

not result in any depreciation but should be m
informational purposes.

23%
45%
66%
85%
99%

ade for
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APPENDIX D

STATISTICAL ANALYSES AND RESULTS
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