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ABSTRACT

This paper presentsapractical probabilistic model
for the projection of annualized damage costs to
residential structures due to hurricanes. The
estimation of the damage is accomplished by first
defining the basic damage modes for components
of specific building types and their probabilities of
occurrence as functions of estimated wind speeds.
The damage modes are then combined in possible
damage states, whose probabilities of occurrence
are caculated from Monte Carlo simulations
carried on engineering numerical modelsof typica
houses. Oncethisisdoneit is possible to estimate
repair/replacement costs associated with building
damage induced by windstorms. The calculation
of damage (repair/replacement costs) allows usto
estimate building vulnerabilities. Finally, we
discuss and illustrate the estimation of expected
losses for groups of buildings, including regional
expected annual losses, and expected losses
induced by a hurricane event. The probabilistic
input is based on statistical surveys of the Florida
building population, laboratory studies, post-
damage surveys, insurance clams data,
engineering analyses and judgment, and Monte
Carlo simulation methods.
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1.0 INTRODUCTION

Withinthe U.S., windstorms are one of the costliest
natural hazards, far outpacing earthquakes in total
damage (Wind Engineering, 1997; Landsea et al,
1999). A recent analysis of windstorm damage for
the U.S. East and Gulf coastsby Pielkeet a. (1998)
suggests that the average annual economic loss is
about $5 billion. This agrees closely with National
Oceanic and Atmospheric Administration (NOAA)
estimates of 84 billion dollarsin hurricane related
damage since 1980. Over haf of the hurricane-
related damage in the U. S. occurs in the state of
Florida, which has $1.5 trillion in existing building
stock currently exposed to potential hurricane
devastation. With approximately 85 % of therapidly
increasing population situated on or near the 1200
miles of coastline, Florida losses will continue to
mount in proportion to coastal population density.
Itistherefore critical for the state of Florida, and the
insurance industry operating in that state, to be able
to estimate expected losses due to hurricanes and
their measure of dispersion. For this reason the
Florida Department of Insurance asked a group of
researchers to develop a public hurricane loss
projection model. Thispaper describesamodel for
the estimation of the damageto residentid buildings
due to hurricane or severe storms.

Although a number of commercial loss projection
models have been developed, only a handful of



studies are available in the public domain to
predict damage for hurricane prone areas. Most
studies use post-disaster investigations of available
clam data to fit damage versus wind speed
vulnerability curves. (e.g. Mitsuta et a. 1996;
Huang et a., 2001). Although simple, this
approach is highly dependent on the type of
construction and construction practicescommon to
the areas represented in the claim data. Recent
changesin building codes or construction practices
cannot be adequately reflected by vulnerability
curve based on past data. In addition, damage
curves obtained by regression from observed data
can be mideading, because very often, aswas the
case for hurricane Andrew, few reliable wind
speed data are available.

In contrast, a component approach explicitly
accounts for both the resistance capacity of the
various building components and the load effects
produced by wind events to predict damage at
various wind speeds. In the component approach
the resistance capacity of abuilding can be broken
down into the resistance capacity of itscomponents
and the connections between them. Damageto the
structure occurs when the load effects from wind
or flying debris are greater than the component’s
capacity to resist them. Once the strength
capacities, load demands, and load path(s) are
identified and modeled, the vulnerability of a
structure at various wind speeds can be estimated.
Estimates are affected by uncertainties regarding
on one hand the behavior and strength of the
various components and, on the other, the load
effects produced by hurricane winds. A damage
prediction model that incorporates elements of a
component approach isbeing implemented for the
HAZUS project (Minor and Schneider, 2001).

The purpose of this paper is to present and
illustrate the principl e of aprobabilistic component
approach to the prediction of wind-induced
damage and of corresponding repair/replacement
costs. Our approach makes use of probabilistic
information on basic damage modes. This
information is used to calculate probabilistic
information on combined damage states. The
latter consist of combinations of basic damage
modes, determined by engineering judgment, post-

disaster observations, and/or analysis.

The next section discusses basic damage modesand
their probabilistic characterization.  We then
consider combined damage states and the derivation
of their probabilistic characteristics. Once this is
done it is possible to estimate repair/replacement
costs associated with building damage induced by
windstorms. Such costs are referred to as wind-
induced building damage, or for short damage.
Note that wewill occasionally refer to sometypes of
damagein aphysical, as opposed to monetary sense.
For example, we will refer to the physical damage
of, say, tiles. Wewill omit the adjective” physical”
and refer to physical damage more briefly as
“damage” whenever the context is sufficiently clear
that no confusion can result from this use. The
calculation of damage (repair/replacement costs)
alowsthe estimation of building vulnerabilities. In
a wind engineering context we will define
vulnerability as a measure of the susceptibility to
damage, expressed as afunction of thewind speed.
Finally, we discuss and illustrate the estimation of
expected damage for groups of buildings, including
regional expected annual damage, and expected
damageinduced by a hurricane event. Uncertainties
associated with such estimates will be dealt with in
a subsequent paper. A companion team of
researchers for this project is developing the wind
field model that will provide this damage model
with the probabilities of occurrence of variouswind
speeds, thus allowing the estimation of annualized
insurableloss. Devel opment of thewind field model
isnot apart of this paper, and will be the subject of
aforthcoming separate document.

2.0 BASIC DAMAGE MODES

This research is currently focused on residential
low-rise structures of different types that make up
the overwhelming bulk of the Florida building
stock. For purposes of illustration, the paper
presents the approach for abuilding belonging to a
specified type: an unreinforced masonry housewith
timber gable roof covered with tiles. Its most
vulnerabletypes of componentsareshowninFig. 1.
They correspond to the following five significant
basic damage modes: (1) breakage of openings (O);
(2) loss of tiles (T); (3) loss of roof or gable end



sheathing (S); (4) roof to wall connection damage
(C); and (5) masonry wall damage (W). For a
specified wind speed v the building will either not
experience damage, or experience several of these
five basi c damage modes. Some damage modesare
independent of each other (e.g., loss of tiles and
breakage of openings); others are not (e.g., given
that the building has experienced window
breakage, the probability of its losing sheathing
increases)

The model is further refined by dividing each
basic damage mode into severa sub-damage
modes(e.g., O, i =0,1,2,3) according tothe degree
of damage: no damage, light, moderate, or heavy
damage. For example, we can define Oq as zero
loss of opening (no damage), O, aslossof lessthan
25% of openings (light), O, asloss of 25% to 50%
of openings (moderate), and O; asloss of in excess
of 50% of openings (heavy). Sub-damage modes
can similarly be defined for the other basic damage
modes, denoted by T; S¢ C, ,\W, (j.k,|,m=0,1,2,3).
The sub-damage modes corresponding to adamage
mode must be so defined that they are mutually
exclusive. For example, the union of the sub-
modes O, (i = 1,2,3) is equal to the mode O, and
the sum of their probabilities is equal to the
probability of O.

A first step toward the estimation of wind-induced
damage is the probabilistic characterization of the
basic damage (or sub-damage) modes. This
requires estimates of (1) probabilities that, under
wind speeds contained in specified intervals
defined by aspeed v, abuilding of aspecified type
will experience damage (sub-damage) modes of
various kinds, and (2) measures of dtatistical
dependence between the events associated with
those modes. The wind speedsv considered in the
study are 3 sec average gust wind speeds at 10 m.
For purposes of illustration, Table 1 lists assumed
probabilities of occurrence of the sub-damage
modes for the case of opening failures (see Figure
1), conditional on wind speeds belonging to 5m/s
intervals centered on values of v varying from 45
to70 m/s. For example, the fifth column-second
row cell statesthat for vin theinterval 57.5m/s<v
< 62.5m/s, P(O,|v)=35% is the probability that a
building will experience moderate opening

damage, and the fifth column- third row cell
P(O;)v)= 60% is the probability that the building
will experience heavy opening damage. To simplify
the notation we may omit the notation “[v’ in all
subsequent developments, that is, we will use the
shorthand notation P(x) in lieu of P(x|v).

For each damage mode the event “ no damage’ (i=0)
is unity minus the sum of the probabilities of the
three sub-damage modes (i=1,2,3). For example, for
v=55 mV/s the probability of no opening damage is
P(Op)=1-P(0)=1-[A(O1)+P(O2)+P(Os)] = 100%-5%-
40%-40%=15%.

The requisite probabilities of basic damage modes
can in principle be obtained directly: (1) from
|aboratory tests (e.g., Baskaran and Dutt, 1995),
after trandlating physical damage usually reported in
|aboratory testsinto monetary terms; (2) from post-
disaster observations of damage, duly accounting
for the fact that reported damage includes damage
due to effects other than wind (for example storm
surge); (3) from numerica studies entailing
simulations; and, (4) last but by no means least,
from engineering judgment needed to supplement or
interpolate between sparse data.

The choice of basic damage modes is in general
determined by practical considerations such as the
type of structure, the format of the requisite
probabilistic information and the extent to which it
is available, the need for keeping the mode
reasonably simple, and the requisite accuracy of the
loss estimation. The methodology described in this
paper is independent of the basic damage modes
being considered in the calculations.

3.0 COMBINED DAMAGE STATES

When awindstorm causes damage to a structure,
it will usually cause different damage modes to
different components at the same time. We shall
refer to these combinations of damage modes as
combined damage states. Since the resulting
combined damage states require not only set-
theoretical but also architectural and structural
engineering scrutiny, it is appropriate to use an
engineering approach to their definition. The
damage states being considered must satisfy the



following requirements:

»  They must be combinations of the damage
modes described previoudy

»  They must be chosen with aview to enabling
damage estimates to be made correctly, in
the sense that no possible damage stateis
omitted, and no double or multiple counting
of damage states occurs.

»  They must make sense from an architectural
and structural engineering point of view. For
example, for a building covered by
conventional sheathing, it may be assumed
that wall damage will not occur without
some loss of sheathing. Similarly, although
tile and opening failures do not necessarily
cause roof-to-wall connection damage, it is
reasonable to assume that no roof to wall
connection damage will occur without some
tile loss and opening breakage.

The basic damage modes are represented in the
diagram of Figure 2. The partia or total overlap of
the basic damage modes is based on engineering
judgment. Figure 2 isthe point of departurein the
process of defining combined damage states.
Associated with the basic damage modes O, T, S,
W and C are events -- combined damage states —
whose union represents the total damage universe
shown in Figure 2. Combined damage states can
similarly be considered that involve sub-damage
modes. We consider the events associated with the
occurrence of the following combinations of sub-
damage modes:

Event 1. OyTo (no damage). See hatched areain
Fig. 3a Since it is assumed that all damage
involves first some opening breakage and/or tile
loss, the lack of both of these is equivalent to no
damage.

Events 2, 3, 4. O; To—i=1, 2, 3 (opening failure
and no tile loss). The hatched area in Fig. 3b
represents the sum of events 2,34 or (O Ty).
Recall that each area O, isasubset of the set O; for
conveniencethisis not shown in any of the graphs
of Fig. 3.The probabilities of these sub-states will
help to estimate the cost of repair of homes that
have only opening failures.

Event5,6,7. Oy T; S—=1, 2, 3 (tilefailureand no
opening or sheathing loss). The hatched areain Fig.
3c represents the sum of events 5,6,7 or (Op T &).
The probabilities of these sub-states will help to
estimate the cost of repair of homes that have only
roof cover failures (e.g., homes with effectively
boarded openings and strong garage doors).

Events 8 through 16. O, T; S —1,j=1,2,3 (opening
and tilefailure and no sheathingloss). The hatched
areain Fig. 3d represents the sum of events 8 to 16
or (OT &y).

Events 17 through 25. Oy T; Sc—j, k=1,2,3 (tileand
sheathing failure and no opening failure). The
hatched areain Fig. 3erepresentsthe sum of events
17t0250r (O T 9).

Events 26 though 52. O; T; S, W, C, (opening, tile
and sheathing loss and no wall and connection
failure) —i, j, k=1, 2, 3. Thehatched areain Fig. 3f
represents the sum of events26to 52 or (O T SWg
Co).

Events 53 through 133. O; T; Sc G W, -i j,k,1=1,2,3
(opening, tile, sheathing and connection failure and
no wall failure). The hatched area in Fig. 3g
represents the sum of events53to 1330or (OT SC
Wo).

Events 134 through 214. O; T; SWn, Co -
i,j,k,m=1,2,3.(opening, tile, sheathing and wall
failure but no connection failure). The hatched area
in Fig. 3h represents the sum of events 134 to 214
or (OT SW Cy).

Events 215 through 457. O; T; S C W, —
i,j,k,I,m=1,2,3.(opening, tile, sheathing, wall, and
connection failure). The hatched area in Fig. 3i
represents the sum of events 215t0 457 or (OT S
W C).

There are a tota of 457 damage state events.
However, not all of these eventsare of interest from
a damage estimation point of view. Engineering
considerations allow the elimination of anumber of
events. There are several scenarios:

When roof cover damage (T) and sheathing damage



(S) occur at the sametime, the damaged areaof the
roof cover must be equa or larger than the
damaged area of sheathing. We can therefore
eliminate all the damage states which pertain to
damaged area of roof cover smdler than the
damaged area of sheathing, i.e. eliminate events
that contain T;S, when j<k.

When roof cover damage (T) or sheathing damage
(S) or opening damage (O) occur together with
wall damage (W) or connection damage (C ), the
level of damage for T or S or O should be larger
than for W or C. That is, there is only a small
probability that awall would suffer heavy damage
while the roof cover has suffered light damage.
Thuswe can eliminate all the damage stateswhich
contain lower levels of roof covering damage and
decking damage and opening damage than wall
damage and connection damage. i.e. eiminate
events containing O;, S, Tj, Wr, and C, when i,
j, k<m, n. Inparticular, when severewall damage
and severe roof to wall connection damage occur
together, the whole structure collapses. So if roof
towall connection and wall damage are both heavy
(i.e., if W3 and Cz occur), the only significant
damage event will beOsT3S;W;Cs, so that we can
eliminate al events OT;S\W;C; for which i, j, k
=1,2.

These engineering considerations alow the
elimination of 240 damage states, leaving 217
damage states. Note from Fig. 2 that, for any
specified wind speed, any two distinct damage
states are mutually exclusive. For example, a
structure cannot experience both the state O; T; S¢
W, Cy and the state O Tj ScW, C.

The implementation of this model is currently
under way. The determination of values for the
basic damage modes, and the combined damage
state events rely upon the use of a component-
based Monte Carlo simulation engine. The
simulation relates estimated probabilistic strength
capacities of building componentsto 3 sec average
gust wind speeds through a detailed wind and
structural engineering anaysisthat includes effects
of wind-borne missiles. The component approach
taken in the Monte-Carlo simulation explicitly
accountsfor both the uncertain resi stance capacity

of the various building components and the load
effects produced by wind events to predict damage
at variouswind speeds. Theresistance capacity of a
building isbroken down into the resi stance capacity
of its components and the connections between
them. Damageto the structure occurs when the load
effects from wind or flying debris are greater than
the component’s capacity to resist them. The
probabilistic strength capacities, load paths, and
load sharing between componentsareidentified and
modeled. The probable damage to a particular
building class at a given wind speed is estimated
through many simulations of the same structure at
that wind speed, randomly sampling component
capacities between each simulation. Each
simulation represents an instance of astorm of same
intensity. Changes in loading on components as a
result of component /connection failure within a
singlesimulation are accounted for. Thewind speed
is then increased to the next discrete value and the
process repeated. The end result is a table
describing the probability of combined damage
levels to the components, conditioned upon peak
wind speeds.

No duration effect is included in the model. It is
assumed that the wind speed represents the highest
3 sec peak gust speed over the duration of astorm at
a particular location, and when applied to the
building model it produces the maximum loading
for that storm. Since the component strengths are
set, if they do not fail at the highest 3 second gust,
they won't fail at all. Other average wind speeds
could be considered for thesimulation (e.g. 1 minor
10 min average wind speed), in which case, the
pressure coefficients to compute the pressure
distributions would be adjusted accordingly,
resulting in the same maximum pressures. Thewind
speed — whatever form it is expressed in — thus
serves as an index of the storm intensity; and the
damage is independent of whether the index being
used is the 3-sec, 1-min, 10-min, or mean hourly
speed. The 3 sec average was adopted becauseitis
the standard in the U.S.A (see ASCE7, 2002).

A possible resulting damage matrix is summarized
in Table 2.Thewind field model will comeinto play
when the results of the simulation are used to
caculate annualized damage probabilities, as



discussed in thefollowing sections. Theresulting
probabilities of the 217 combined damage states
will be assessed as necessary to ascertain the extent
to which they are physically realizable. This will
provide useful guidanceto the future devel opment
of the ssimulation procedure.

4.0 STATISTICAL ANALYSIS OF THE
BUILDING STOCK

The goal of this research is to estimate hurricane
losses over a large geographical area with a
building population composed of different
structura types. Although Figure 1 represents a
standard masonry house with gable roof, the
methodology described above can be applied to
any other type of residential houses. Itistherefore
important to identify all the structura types that
make up the building stock of the different regions
of Florida. For each structural type, a model will
be built and a Monte Carlo simulation performed,
s0 that each structural type will end up with its
own damage matrix. Finaly, when computing the
overal damage in any given area, as explained in
the next section, it will be necessary to know the
probability of occurrence of each structural typein
that region.

Thefirst step in the analysis of the building stock
isthereforeto identify the most common structura
typesin thetarget area. The authors obtained the
property tax appraiser databases of 9 Florida
Counties, which contain structural information for
most single family residentia houses, including
exterior wall types, roof types and roof cover.
These counties aredistributed among four different
regions of Florida with different building
characteristics, as shown in Figure 4.

These counties include: Escambia, Walton, and
Leon inthe Northern region; Brevard, Pindlas, and
Hillsborough in the Central region; Palm Beach,
and Broward in the Southeast region; and Monroe
County for the Keys. Besides, they have aso
obtained information for 1691 houses in the
Miami-Dade county in Southeast Florida. The
statistical significance of the samples (in terms of
population covered) in each of the four regionsis
highlighted in Table 3.

Based on the information contained in the
databases, four known plus one unknown or generic
structural types were defined in each region. In
addition, due to the variety of the building stock in
the Keys, four additional typeswere defined for the
Keys. They aredl listed in Table 4. Table5 lists
their probability of occurrence per region. It should
be noted that for types 1 to 4 the statistics could be
divided between structureswith tiles and structures
with shingles.

5.0 DAMAGE ESTIMATION

Consider aresidential community consisting of total
number of n homes of different structura typesmin
a zone with specified surrounding terrain
conditions. .

Assume the probability of occurrence of a storm
with a peak 3-second gust wind speed within the
interval {v- [Iv/2, v + [V/I2} m/sis P(v)=p(v)[v,
where p(v) is the probability density distribution of
thelargest yearly wind speed (such information will
be provided by the associated probabilistic wind
field development team). Assume that the
repair/replacement cost data for each possible
damage state listed in Table 2, e.g. O3T,S;WoCy, is
obtained from insurance adjusters, and that the
probabilities of occurrence of damage states, e.g.
P(OsT2SWoCy), are estimated conditional upon
wind speed. The probable expected damage,
expressed as a percentage, can be estimated as
follows.

Step 1. The probable damage for astructure of type
m in the zone subjected to a wind speed in the
interval {v- Ov/2, v+ Ov/2} m/sisthe sum of all
the relative possible damage stateslisted in Table 2
for speed v in that interval multiplied by their
probabilities of occurrence. For example, for v=60
m/s, Jv=10 m/s, the following equation results:

da'T]age(GOrn/s, type m)— [P type m(OsT25WoCo|60 m/s- 5
m/s<v<60m/s+5 m/S) X C(OngS_]_W()CQ)

+ [Ptype m(O3T282WQCQI 60 m/s- 5 m/s<v < 60m/s
+5m/s) X ¢(OsT.S;WoCo) +...] +...=

2 Pni( subdamage_state |60 m/s) x c(subdamage,)
(1)



In Eq. 1, c(OsT,S;WoCo) denotes the repair cost
corresponding to subdamage state OsT,S;WoCy as
a percentage of the building replacement vaue,
and c(subdamage) is similarly defined.

In modeling the repair cost, the procedure needsto
incorporate the fact that, the combined repair cost
of components cannot exceed the replacement cost
of the facility. In practice, the combined repair
costs taper off to reach the replacement cost.
Moreover, if the repair cost of the combined
structure exceeds 50% to 60% of the replacement
value of the building; it is considered economical
to demolish the building. For this case the cost of
demolishing and removal of debrismust beusedin
the estimates.

It was stated at the end of section 3 that our 5-
mode model is decomposed into 217 combined
damage states. It is not reasonabl e to expect that a
distinct cost can be assigned to each of these states.
Rather, the many combinations will be associated
with ahandful of classes of damage. For example,
128 states, say, may al lead to 20% of replacement
cost, 56 states may lead to 40 % replacement cost,
and so forth. The smplification inherent in this
observation is to be incorporated into the
estimation procedure, and will require theinput of
experienced insurance adjusters.

Step 2. An expression similar to Eq. 1 appliesto
each of the wind speeds. Table 2 takes into
account the probability of occurrence of wind
speeds in the intervals of interest. The damage
equation is

Annual_damage typem = )y windspeed i damage
(viypem) X P(Vi-Av/2<vi<vi+ Av/2) 2

Step 3. The damages for types 1, 2, ... are
multiplied by the respective relative frequency of
those types in the building population of the zone
(see Table 5). The damage equation becomes:

Average Annual_Damage =
Annual_damageype 1 X P(type 1) +
Annual_damageype X P(type2) +....  (3)

Step 4. The total estimated expected damage to
buildings for a particular zone is the damage
calculated by using Eq. 3 times the total number n
of houses in the zone. The process is repeated for
each zone, and theresults for each zone are added to
obtain the estimated expected hurricane-induced
annual damage to buildings for the entire state.

6.0 UNCERTAINTIES

The purpose of this paper is to illustrate the
conceptual framework of the methodol ogy used for
damage computation. A detailed discussion of the
uncertaintiesinvolved will bethefocus of afollow-
up paper. Main types of uncertainties include
selection of the types of structura models for the
simulations, repairment cost uncertainties, the
properties or parameter inputsinto the Monte Carlo
simulations and relationship between wind speed
and resultant force on roof. The estimates of the
wind speed itsdlf involve a significant degree of
uncertainty that affects the final damage estimate.
As noted earlier, the probabilistic wind model,
including the uncertainties associated with it, is
being developed in parallel with the effort reported
here. Sensitivity studies are being conducted to
define the influence of the different parameters on
the outputs of the models and to identify the most
critical sources of uncertainty.

7.0 CONCLUSIONS

This paper presents a probabilistic framework for
the estimation of annual damages dueto windstorms
in the state of Florida. The framework isillustrated
for the case of five basic damage modes, athough
additional modes could be considered. The
framework assures that no type of damage is
counted more than once, no type of possibledamage
is omitted from the calculations, and interactions
between varioustypes of damage are accounted for.
The costs are calculated by correctly accounting for
the dependence between various damage modes
(e.g., window breakage and roof uplift). The
damage is appropriately modeled as a stepwise
process, as damage to openings gives sudden riseto
increases of internal pressures, and sudden collapse
of theroof resultsin immediate damage to walls.



A key ingredient of the proposed procedure is the
development of a Monte Carlo simulation
approach that relates probabilistic strength
capacities of building components subjected to
wind action through a detailed aerodynamic and
structural engineering analysis. The results of the
Monte Carlo smulation are used tofill inthe cells
of damage matrices used for the estimation of
expected damage due to awindstorm event, and of
expected annual damage, both at a specified
location and over alarger geographical area.

Animportant component of the methodology isthe
determination of the right mix of structural typesor
modelsthat characterize the building populationin
any given area. The definition of these structural
types was achieved through statistical analyses of
building databasesfor several countiesthroughout
the state of Florida. A more accurate definition
could be obtained in the future if al the counties
were surveyed.

Work is in progress on the development of the
Monte Carlo simulation methodology and its
application to the various types of structures
defined through the county surveys. Work isaso
in progress on quantifying the uncertaintiesin loss
calculations, based on uncertainties in the
estimation of probability matrices, associated
conditional probabilities, hurricane wind speeds,
structural behavior, component properties, and
building population. Work is in progress on the
development of the probabilistic wind field mode.
Preliminary predictions of annual vulnerability are
planned once such development is compl eted.
One of the main advantages of thismethodology is
its transparency. The probabilities in the damage
matrices are based on engineering model s that will
be continuously updated and refined as more
knowledge on the strength of the component, load
path, and wind effects becomes available.
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Table 1. Assumed probabilities of occurrence of sub-damage modes O; conditional on wind speed
intervals associated with the speeds v.

e | 45| 50 | 55 | 60 | 65 | 0
pofy | &% | 10% | 5% | 5% | 5% | 0%
pO) | 2% | 30% | 0% | 35% 20| 10%
pogy) | 0% | 10% | 40% | 60% 2| 90%




Table 2: Example of estimated probabilities of damage states, conditional on wind speed intervals
associated with the speeds v

v(ms) | 45 | 50 | 55 60 | 65 | 70
P(OoTo) | 82 | 38. 00 | 00| O
% | % | 80% | o | o | %

P(OTy) 91| 40. | 540 | 200 | 00 | O.
% | % | % % | % | %

PO TSy) | 7.6 | 10. 3705 | 00 | 0.0 | O
% | % | 7| % % | %

PO, TS) | 05| 05 00 | 00 | O.
% | % | 93% | 9 | w | %

POTS) | 04| 20 30. | 20. | 0.
% | % | 83| o | w | %

P(OTSW,C | 05| 05| 033 | 1.0 | 10. | O.
0) % | % % % % | %
P(OTSCW, 3. | 387 | 60 0.
) 0% | o | “on % | 0% | o
P(OTSWC, 0. | 357 | 9.0 0.
) 0% | o | “on v | 0% | o
POTS [ .o, | 6 [ 219 [ 34 [ 70. [ 10
Cw) 0% | % % | % | 0%

Table 3. Population information for each area

Region | Northern | Central | Southeast | Keys

Total

number
of 34 27 5 1

counties

Number
of sample 3 3 2 1
counties

Tota
populatio | 5% | 7690240 | 232099 | 79589
n

Sample 2.754.20
2

populatio | 574,463 | 2396660 79589
n

% of

populatio | 5005 | 30% | 54% | 100%
sample
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Table 4: Structural types definitions

Roof
Structure | Roof Materials Type
concrete
Typel blocks Shingle/Tile Gable
concrete
Type 2 blocks Shingle/Tile Hip
Type3 timber Shingle/Tile Gable
Typed timber Shingle/Tile Hip
concrete
Type5 blocks Metal Gable
concrete
Type 6 blocks Metal Hip
Type7 timber Metal Gable
Type 8 timber Metal Hip

Table 5: Percentage of each type for 4 regions.

Nort | Centra | South Keys
hern I east
Typel Typeb
25% 43% 46% 22% | .12%
Type?2 Typeb
12% 29% 23% 11% | . 6%
Type3 Type7
32% 12% 13% 12% | . 9%
Typed Type8
16% 6% 6% 6% . 5%
L:]”'T‘;‘S;" 15% | 10% | 12% 17%
Roof Cover - T Roof Sheathing - S

IR
R ‘
B 222220000 0e0 Roof toWall

- 15ee

Openinas- O

Figure 1: Components of a single family home
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Figure 2: Venn diagram for the basic damage modes of a masonry home
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Figure 3: Venn diagrams of the combined damage states (subsets of Figure 2)
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Figure 4. Florida counties and regions
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