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wind resistance features in reducing hurricane
damage and loss to residential buildings with
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April 2002 and completed in June 2002. The
scope of the project has dealt with both existing
construction and new construction built to the
new Florida Building Code 2001. The Florida
Building Code (FBC) became effective on
March 1, 2002.

The scope of this study was limited to
multi-family residential buildings. An earlier
project, “Development of Loss Relativities of
Wind Resistive Features of Residential
Structures”, analyzed the loss reductions
associated with wind mitigation features for
single-family residences in Florida.
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company. The use of information in this
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insurance company.
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EXECUTIVE SUMMARY

A project has been conducted to
estimate the effects of wind resistive building
features in reducing hurricane damage and loss
for residential occupancies in condominium
and tenant buildings with five or more units.
The scope of this project has included both new
construction fo the Florida Building Code 2001
and existing construction.

The basic approach used in this study to
develop the loss relativities is identical to the
methodology used in a comnpanion report for
single-family houses, “Development of Loss
Relativities for Wind Resistive Features of
Residential Structures.” This methodology has
involved the analyses of individually modeled
buildings at numerous locations in Florida.
Each building has been modeled with a specific
set of wind resistive features. The features
considered in this project include: roof shape,
roof covering, secondary water resistance, roof-
to-wall connection, roof deck
material/attachment, opening protection, and
wall construction.

' Due to differences in. construction
method and apphcable - building codes and

standards, condominium and tenant buildings
have been divided into three categories based

on bmlchng height and frame construction.
‘Group I Buildings include one to three story
buildings with wood or masgnry waﬂs “These
buildings typically have a wood tmss_roof

system with plywood sheathing. Group IT

Buildings are 60 ft tall or less and have. steel,
concrete, or reinforced masonry frames. They
generally haye steel or concrete roof decks,
although wood decks may also be used. Group
III Buildings include all buildings over 60 fi
tall.

The FBC 2001 specifies design wind
speed, wind-borne debris region design options,
and definitions of Terrain Category. In the
wind-borne debris region, designs for both

enclosed and partially enclosed structures have
been evaluated, per the FBC and ASCE 7-98.

The loss relativities in this report are
based on total loss (structure, contents, and loss
of use). The possible allocations of loss to
building owner, tenani, condominium
association, and condominium unit owner have
not been evaluated. The relativities based on
total loss provide a reasonable and simple
approach for this initial study.

The loss cost relativities for existing
construction are developed in the form of a set
of tables for each Building Group. Two main
tables are provided, one set for Terrain B and
one set for Terrain C. Each of these tables are
normalized to a “central” building, which is a
representative  building as opposed to the
weakest building. The relativity for the central
building is one, with the relativities for stronger
buildings less than one and weaker buildings
more than one. The basic relativity tables were
all computed for 2% deductible. The Terrain B
results are primarily for inland locationg and
the Terrain C results are primarily for barrier
islands and locations within 1500 feet of the
coastline. The range of loss relativity is
comparable to the previous study when
comparisons to hip and gable roof shapes are
made. The ranges of loss relativity are slightly
larger in this study since flat roof shapes are
incleded. It was also observed that the
difference between hip and gable roofs is less
than the single family residential study because
the hip “structure” is & smaller percentage of
roof framing for condominium buildings.

For new construction to the Florida
Building Code (FBC), the loss relativities have
been computed and reduced to three sets of
tables for minimal design loads. The loss
relativities for minimal design construction to
the FBC show strong loss reductions over the
typical building in the existing construction
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tables. Separate entries are included for the
High Velocity Hurricane Zone (HVHZ), which
corresponds to Broward and Miami-Dade
Counties. In the HYHZ, opening protection is
required for all new construction. Because new
construction may be designed for higher loads
than the FBC 2001 minimums, a separate table
of adjustments is provided for these cases. In
addition, this table can also be used for new
buildings that are later mitigated beyond the
code minimums.

The analysis results for new
construction clearly indicate that the Florida
Building Code 2001 will improve the design
and construction of new buildings in the state.

Further improvement and refinement of
the work performed in this project may lead to
improved estimates of relativities in the future.
The report discusses areas where more data is
needed as well as building features that have
not been explicitly modeled.
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1.0 INTRODUCTION

1.1  Objective
Florida Statute 627.0629 reads, in part,
as follows:

A rate filing for residential property
insurance must include actuarially
reasonable discounts, credits, or viher
rate differentials, or appropriate
reductions  in  deductibles,  for
properties or  which fixtures or
construction techniques demonstrated
to reduce the amount of loss in a
windstorm have been installed or
implemented, The  fixtures  or
construction techniques shall include,
bur not be limited fto, fixtures or
consiryction techniques which
enhance roof strength, roof covering
performance, roof-to-wall  strength,
wall-to-floor-to-foundation  strength,
opening protection and window, door,

and  skylight  strength.  Credits,
discounts, or other rate differentials
for  fixtures  and  construction

techniques which meet the minimum
requirements of the Flovida Building
Code must be included in the rale

Sfiling. ...

The purpose of this study is to produce
a public domain document that provides data
and information on the estimated reduction in
loss for wind resistive building features for
condominium and renter occupancies in
buildings with five or more units.

A previous study, “Development of
Loss Relativities for Wind Resistive Features
of Residential Structures,” has focused on
estimating loss relativities for single-family
residential occupancies. This report makes
reference to the single-family report and the
user will need a copy of that report for
additional discussion.

1.2 Scope

The scope of this study must mclude, as
a minimum, the wind resistive features called
out in the statute, namely:

1. Enhanced Roof Strength
a. Roof deck comnnection-to-roof
framing
b. Roof deck material and strength
2. Roof Covering Performance
Roof-to-Wall Strength

4, Wall-to-Floor-to-Foundation
Strength

a. Wall-to-floor strength
b. Floor-to-foundation strength

5. Opening Protection
a. Windows
b. Doors
¢. Skylights

In addition, the study addresses some other
features that have been demonstrated to reduce
the amount of loss in windstorms.

The scope of this study is limited to
multi-family  residential occupancies in
buildings with five or more units. The scope of
this project includes both existing and new
construction to the Florida Building Code, 2001
(FBC).

This project uses hurricanes as the
windstorm to produce the loss relativities.
Hurricanes dominate the severe wind climate in
Florida and, hence, are the primary contributors
to windstorm loss costs,

The features for which discounts are
provided must be practically verifiable so
insurers can be reasonably confident a
particular building qualifies for the discounts.

1-1
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Due to schedule and budget limitations,
the scope of work does not include analysis of
the building stock distribution for existing
construction.

1.3  Technical Approach and Limitations

The basic approach used herein to
estimate how loss costs change with wind
resistive fixtures and construction techniques
relies primarily on engineering models and loss
analysis for individual buildings. The buildings
are modeled with and without specific wind
resistive fixtures. These buildings are then
analyzed for hurricane damage and loss using
Applied Research Associates, Inc.’s,
HURLOSS methodology. The HURLOSS
methodology has been reviewed and accepted
by the Florida Commission on Hurricane Loss
Projection Mcthodology. The public domain
documents on HURLQOSS are available from
the Commission. In addition, this report
provides further information on the model and
its validation. Technical papers are also
referenced.

An advantage of the individual building
modeling approach used for this study is that it
is based on a detailed engineering model that
replicates how engineers design and analyze
real structures. A similar approach has been

adopted by the Federal Emergency
Management Agency (FEMA) in the
development of a National Wind Loss

Estimation Methodology. The engineering load
and resistance modecling methodology used in
this approach has been rcviewed by the Wind
Committee of the National Institute for
Building Science. This committee includes
national experts in wind engineering and
meteorology.

The estimation of losses for buildings
with specific engineering details is an emerging
technology and has many limitations. The
trcatment of uncertainties and randomness in
the hurricane wind field, wind boundary layer,
the built environment, building loads,

resistances, and loss adjustment are an
important part of the modeling process. The
data sources include: historical data, wind
tunnel test information, building code
information, post-hurricane damage surveys,
laboratory tests, full-scale tests, insurance claim
folders, and insurance company portfolio
exposure and loss data.

Judgments are used to supplement this
modeling process. The HURLOSS computed
relativities have been compressed using a
judgment factor. The resulting loss relativities,
while rteasonable estimates at this time, are
likely to evolve with more data and further
model improvements. There is clearly room for
refinement and improvement and a strong need
fot more data.

1.4 Florida Building Code

The State of Florida first mandated
statewide building codes during the 1970s,
requiring local jurisdictions to adopt one of the
model codes. The damage produced by
Hurricane Andrew and other disasters in the
1990s revealed fundamental building code
weaknesses and also that building code
adoption and enforcement was inconsistent
throughout the state. The state has attempted to
respond to this situation by reforming the state
building construction system with emnphasis on
uniformity and accountability. The Florida
Building Code (FBC) is the central piece of the
new building code system. The single statewide
code is developed and maintained by the
Florida Building Comumission.

The FBC supersedes all local codes and
is automatically effective on the date
established by state law. The new building code
system requires building codc education
requirements for all licensees and uniform
procedures and quality control in a product
approval system.

The FBC is compiled in four volumes:
Building, Plumbing, Mechanical, and Fuel Gas.

1-2
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The National Electrical Code© is adopted by
reference. The scope of this project has been
limited to wind resistive construction features,
which are in the Building volume.

Section 4 and Appendix B provide
additional discussion on specific requirements
of the FBC with respect to wind mitigation
features.

1.5  State-of-the-Art in the Classification
of Buildings for Wind
The commonly used insurance

construction classes are based on the ISO
classes, which were originally developed
primarily for fire risk classification. The ratings
with respect to masonry, semi-wind resistive
and superior frame, while capturing some of
the differences in the perforinance of the main
structural system with respect to wind loads, do
not address the key causes of wind damage and
loss associated with roof covering, window and
door performance, roof deck, roof-to-wall
performance, and building aerodynamics.
These ISO classes are still commonly used by
the insurance industry, but it is widely
recognized that these classes are not ideal for
wind ratings.

Several developments have taken place
in the past few years that focus on an emerging
fundamental change in the classification of
buildings for wind damage and loss.

First, FEMA  has begun the
developinent of a national wind loss estimation
methodology. This mcthodology includes the
development of a detailed classification system
for buildings based on the wind damage and
loss characteristics. While this work is not
publicly available at this time, the initial
version will be published in early 2003.

Second, the Residential Construction
Mitigation Program (RCMP) initiated by the
state of Florida in 1997, has provided unique
information on  single-family  building

construction features, mitigation options and
costs for existing buildings, and the expected
loss reduction benefits from mitigation.
Detailed inspections were performed for over
2,000 houses in selected coastal counties in
Florida between 1998-2000. The resulting data
provides a unique source of information to help
characterize the current building stock in the
state,

Third, the Florida  Windstorm
Underwriting Association (FWUA) recognized
the need for wind-based insurance classes and
in 1998-1999 developed a first generation Class
Plan aimed at classifying buildings by their
wind risk characteristics rather than the 1SO
fire based characteristics. The FWUA Class
Plan has been in effect since July 2000 and
residential occupancies (single-family and 1-4
unit occupancy/buildings) are being rated
according to the construction features in their
Class Plan. The loss relativities in their Class
Plan were based on actuarial judgment coupled
with model calculations of the type used in this
study.

The FWUA residential rating factors for
renter contents and condominium units were
based on only two variables: opening
protection and wall construction. These factors
were based simply on actuarial judgment with
an eye toward the results of the single-family
building analysis. Clearly, the FWUA
classification for condominium and renters did
not represent a state-of-the-art classification.,

The classification produced in this
project provides the first basic step in the rating
of residential construction for buildings with
multi-family occupancies. There are many
potential complexitics for these types of
buildings and this study will limit the number
of building and insurance parameters
considered.

1-3
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1.6 Revicw of Building Features that
Influcnee Hurricane Damage and

Loss

For many vyears, engineers have focused
on the structural frame and load-path issues in
designing buildings for wind loads. However,
beginning in the 1970°s, engineers began to
document the importance of the building
envelope (roof deck and covering, roof-to-wall
connection, windows, doors, etc.) performance
in influencing the resulting financial loss
experienced by buildings in windstorms. In
many storms, the building frame performed
adequately, but the windows and/or doors
failed, often due to impact by wind-borne
debris. Roof covering was almost always
damaged, resulting in water penelration into the
building, particularly for hurricanes.

Damage and the ensuing losses to
buildings were found to be governed by the
performance of the building envelope,
including many non-engineered cowmponents,
such as roof covering, windows and doors, roof
deck, etc. The key structural frame connection
for most failures was the roof-to-wall
connection, Foundation failures and frame
failures, other than the roof-to-wal! frame
connection, were found to be extremely rare for
multi-unit buildings. Proximity of missile
sources 18 also important for large buildings
with glazed openings extending up the full
height of the structure.

These observations stand in sharp
contrast to earthquake induced damage to
buildings, which is governed primarily by the
building foundation and building frame
performance.

The wind induced damage and the
ensuing losses for multi-family structures are
governed by the performance of the building
envelope. Figure 1-1 shows the important wind
resistant features of a typical multi-family
residential building. The failure of the non-

engineered components such as the roof cover,
roof deck, roof-wall connections, windows and
doors is responsible for most of the losses. As
in single-family homes, the most likely frame
failure is at the roof-wall connection.

Roof Cover and Roof Shape. The
performance of the roof cover in a hurricane is
a key to the performance of large buildings.
Once the roof cover fails, water begins to enter
the building damaging interior drywall,
electrical and mechanical systems, floor
covering and contents. For flat roof shapes,
which are common for multi-story buildings,
the performance of the roof cover is critical due
to the potential for significant water leakage
intto the huilding.

The performance of shingles and tiles
on low rise multi-family buildings is similar to
that seen for single-family buildings. Figure 1-2
illustrates partial [oss of roof cover on a
condominium building in Hurricane Erin.

A large number of multi-family
dwellings are constructed with single flat roofs
with a single ply membrane, modified bitumen
or built-up roof. Figures 1-3 through 1-5 show
some examples of failed single ply membrane
roofs. In addition to being attached to the roof
with mechanical attachments or being adhered
to the roof, membranes can be held to the roof
using ballast. The ballast is usually gravel or
paving stones. Ballasted roofs make up a
relatively small percent of the population of flat
roofs.

Figure 1-6 shows an example of the
interior damage caused by the loss of a single
ply membrane roof. In most cases, the failure
of a built up roof, a single ply membrane roof
or a modified bitumen roof initiates when the
flashing at the edges of the building fails. The
building shown in Fig. 1-5 could not be
occupied for more than a year following the
failure of the roof cover.

1-4
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2.0

21 Approach

The fundamental approach used herein
to develop the loss relativities is to analyze
individually-modeled buildings at numerous
locations in Florida. Each building is modeled
with a specific set of wind-resistive features.
The HURLOSS methodology has been used to
analyze each modeled building for damage and
loss.

The loss costs are estimnated for a basic
set of insurance parameters: Coverage A
(building), C ({(contents), and D {(additional
living expenses) limits and deductible. This
process is repeated for a large comhinatorial set
of wind-resistive features for a number of
Florida locations (latitude-longitude points).

For each location, the loss relativities
are produced by dividing by the loss costs for a
selected “typical” building. Therefore, the
relativities at each location are simply
normalized fractions that provide a measure of
the differences in loss based on wind resistive
features.

The approach used in this study is to
develop loss relativities for  existing
construction {(non-FBC 2001} and new
construction (FBC 2001) separately. This
separation recognizes the changes brought
about by the new code and the fact that the
methods used to venfy the construction
features may be different for existing and new
construction, However, for practical reasons,
we use a common set of locations in Florida (as
described in Section 2.3) to analyze the
separate Joss relativities for existing and new
construction.

As illustrated by the figures in
Section 1.4, many key wind features focus on
the roof details and openings. Verification of
the presence or absence of wind resistive

METHODOLOGY

features for existing construction, therefore,
cannot be practically accomplished without an
“inspection”. In the absence of an “inspection™,
there is no reasonably accurate way to classify
an existing building for purposes of providing
loss mitigation credits or discounts,

For new construction, the FBC (Section
1606.1.7) requires that the drawings for new
construction summarize key design
information. This information should be useful
for insurance rating purposes. In addition,
insurers may wish to or need to perform an
inspection of the building or require
documentation from the builder.

2.2 Florida Building Code Wind Regions,

Terrains, and Design Options

Figure 2-1 illustrates the wind speed
map for the Florida Building Code (FBC 2001,
Figure 1606). The wind speed contours start at
100 mph and go to 150 mph.! For buildings
located between contours, interpolation is
allowable for design. In the absence of
interpolation between contours, the huilding
will be designed to the higher of the wind speed
contours.

2.2.1 Wind-Borne Debris Region

The FBC introduces a Wind-Borne
Debris Region where all openings that are not
protected with shutters or impact resistant glass
are considered to be open. This means a
designer has the option of designing the
structure as an enclosed building or as a
partially enclosed building where the design
assumes that wind pressure entering the
building adds to the load on the structure.

! It is possible that some engineers could interpolate to slightly
less than 100 mph in the region inside the 100 mph conlour
since ASCE 7-98 allows inlerpolation between basic wind
contours.
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Figure 2-1. Wind Regions in Florida Building Code

The Wind-Borne Debris Region (FBC,
Section 1606.1.5) includes all areas where the
basic wind speed is 120 mph or greater (shaded
area of Fig, 2-1) except from the eastern border
of Franklin County to the Florida-Alabama line
where the region only includes areas within 1
mile of the coast. It also includes areas within 1
mile of the coast where the basic wind speed is
110 mph or greater (see Fig. 2-1).

2.2.2 Terrain Exposure Category

The Florida Building Code has adopted
the Exposure Category (terrain) definitions of

ASCE 7-98 with a few important exceptions
(see FBC, Sections 1606.1.8 and 1619.3):

1. Exposure C (open terrain with scattered
obstructions) applies to: All locations in
HVHZ (Miami-Dade and Broward
Counties)

s Barrier islands as defined per
5.161.55(5), Florida Statues, as the
land area from the seasonal high
water line to a line 5000 ft landward
from the Coastal Construction
Control line.
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o All other areas within 1,500 ft of the
coastal construction control line, or
within 1,500 ft of the mean high tide
fine, whichever is less.

2. Exposure B (urban, suburban, and
wooded areas) practically applies to all
other locations in Florida by virtue of
the definitions for Exposures A and D.

Hence, new construction in the state will fall
into Exposures B and C. The following
paragraphs  attempt to provide more
background on this important topic as it relates
to wind-resistance construction and insurance
ratings for buildings.

The cffect of terrain (i.e. the reduction
in wind speed near the ground produced by the
frictional effects of buildings and vegetation)
has a significant impact on wind speeds and,
hence, wind-induced damage and loss. The
magnitude of the reduction of the wind speed at
any height is a function of the size and density
of the obstructions (buildings, trees, etc) on the
ground, as well as the fetch (distance) the wind
has blown over a given terrain, The importance
of terrain is recognized in most national and
international wind loading codes through the
use of simplified terrain categories defined, for
example, as open terrain, suburban terrain,
urban terrain, etc. When designing a building, a
design engineer must first determine what
terrain a building is going to be built in, and
design the building to resist the associated wind
loads. In ASCE 7-98, the national wind loading
standard, there is a significant increase in the
design loads associated with designing a
building located in open terrain (Exposure C)
compared to the case of a building designed for
suburban terrain conditions (Exposure B). For
example, the design loads for the cladding
(windows, doors, roof sheathing, etc.}) of a
15 foot tall building located in Exposure C are
21% more than those for a building located in
Exposure B, and for a 25 foot tall building the
difference in the design loads is 34%. The true
effect of terrain is in most cases greater than

that indicated in the building codcs which tend
to conservatively underestimate the reduction
in wind load that is experienced for most
buildings located in suburban terrain.

All damage and loss calculations carried
out in this study were performed using terrain
models representative of typical terrain
Exposure “B” and Exposure “C” conditions.

2.2,3 High Velocity Hurricane Zone

The FBC identifies a High Velocity
Hurricane Zone (HVHZ) for Miami-Dade and
Broward Countics (FBC, Sections 202 and
16111f). This portion of the Florida code comes
from the South Florida Building Code (SFBC).
The HVHZ has some important differences
with the non-HVHZ areas of the FBC,
including:

1. More
criteria.

stringent missile impact test

2. Requirement that all doors and non-
glazed  openings  have  missile
protection.

3. Does not allow for partially enclosed
building design as an alternative to the
opening protection requirement.

4. Some restrictions on materials that can

be used.
5. Design for Terrain Exposure C
conditions.

These requirements make for improved wind
resistance for buildings built in the HVHZ.

2.24 Design Options

There are few prescriptive design
methods allowable for residential occupancies
in buildings with five or more units. The FBC
allows the use of SBCCI SSTDI10 for basic
windspeed of 130 mph or less in Exposure B
and 110 mph or less in Exposure C. Other
prescriptive options are not allowable for
buildings with five or more units.
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The use of SSTD-10 is limited to wood
frame buildings of two stories and less,
concrete and masonry buildings of three stories
and less, for hip and gable roofs only. The use
of SSTD-10 is also limited to buildings less
than 60 feet wide, Because of these limitations,
coupled with the fact that the previous study for
single-family houses showed little difference in
the relativities between SSTD-10 houses and
FBC houses, we did not model SSTD-10
buildings in this study.

All buildings greater than 60 ft high
must be designed by ASCE 7-98. ASCE 7-98
designs include enclosed and partially enclosed
options. In the wind-borme debris region,
enclosed designs will have all glazed openings
protected for debris impact.

Table 2-1 summarizes the design cases
for new construction in the Florida Building
Code. A “3” in a cell indicates 4 viable FBC
design option for that wind speed. The “3”
corresponds to the 3 building height groups
(see Section 2.4.2). The terrain exposure

category was determined by reviewing the FBC
definitions for terrain exposure and wind-bome
debris regions. As previously discussed, the
FBC allows for enclosed building design
without impact protection for wind speeds
greater than 120 mph in the Panhandle (since
the FBC limits the wind-borne debris region in
that area to within 1 mile of the coastal mean
high water line).

A key objective of this project is to
determine how loss costs vary for the design
options for new construction shown in Table
2-1. An important point is that these designs are
for the code minimum loads. Some
condominjium and tenant buildings will be
designed for higher wind speeds than dictated
by the code. Hence, a practical matrix for new
construction needs to be expanded beyond the
minimal load design. These issues are
addressed in Section 4.

Table 2-1. FBC Minimum Load Design Cases for New Construction
(No consideration of topographic speedups)

FBC: {ASCE 7-98)
Terrain | ASCE 7 Encloscd | ASCE 7 Enclosed| ASCE 7 Partially | FBC-HVHZ
Wind Speed| Exposure {non-WBDR) {WBDR) Enclosed (WBDR) {SFBC)
100 B' 3
110 B! 3
120 B 3 3 3
C 3 3
136 B 3 3 3
C 3 3
140 B 3 3 3
C 3 3
150 B 3 3
C 3 3
HVHZ-140° C 3
HVHZ-146* C 3
Totals® 15 24 24 [

ZOTICE

This comespands to Broward County,
This comesponds to Miami-Dadz County.

A e b

Based on the FBC definitions of Exp C, which {3 limited to barrier istands and within 1500 ft of the coast, there is no design Exp C For thess wind

For 120, 130 and 140 mph wind speeds in the Panhandle, the FBC limiis the Wind-bome Debris Region (WBDR) to 1 milc from coast.

Topographic speedups are not considered in the project because Flarida has relatively few tocations that qualify per ASCF 7-98,
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2.3 Locations for Loss Relativity Analysis

Table 2-1 shows that there are 12
combinations of wind speed and terrain
exposure that result from the Florida Building
Code. For consistency with the previous study,
“Development of Loss Relativities for Wind
Resistive Features of Residential Structures,”
we use the same locations for the analysis of
losses for new and existing construction. Figure
2-2 shows the selected points. Since we are
normalizing the results at each location by the
computed loss costs at that location, the
consideration of multiple locations serves to
test how the relativities may vary by region
within the state. The reason for locating
multiple points on a contour is to see if the loss
rclativities vary much for that contour.!

Once the locations are specified, the
relevant new construction building design
options (Table 2-1) are located at each point. In
addition, the modeled buildings for existing
construction are also analtyzed at each point.

For simplicity, we will use these same
locations to develop the loss relativities for
existing construction. That is, the locations m
Fig. 2-2 are used in the analysis in Section 3.

The location of points on each contour
are shown in Fig, 2-2a. For each point, the
number denotes the wind speed and the letter
denotes the terrain. Points with terram
Exposure C are located within 1500 ft of the
coastline. Points not within 1500 ft of the
coastline are terrain Exposure B, except for
those in the HVHZ zone, per the special
definitions in the Florida Building Code. Figure
2-2b shows the towns (or geographic feature})
where the points are located, or the nearest
town. Using the town namecs to denote point
locations is simply a way to label the points and

! From ASCE 7-98, Ihe contours represent the hwricans winds

corresponding to a 300 year return period divided by the square root
af the load factor. The contours essentially represent 50-100 year
retum penod wind speeds, with the actual rewn period delermined
by the slope of the hurricane wind speed exceedance probability
curve for that location.

does not necessarily imply that the town is
exactly on that contour.

Table 2-2 summarizes the 31 points
used to define the locations. Note that 9 of the
locations are not on a contour. Two each for
HVHZ 140 (Broward} and HVHZ 146 ( Miami
Dade). The design wind speed in these counties
is constant over the entire county. The other
five points are not on contours. These locations
are identified in the comment column in Table
2-2. One of the added points is for 120 mph and
the other three are all for the 150 mph wind
speed, Since the 150 mnph wind speed contour
only crosses Florida in the Everglades, we felt
it was more appropriate to locate the points on
buildable land. This is also consistent with our
understanding that there will be no required
FBC designs to wind speeds greater than [50
mph.

2.4  HURLOSS Model

ARA’s HURLOSS mode] 18
summarized in the public domain submittal to
the Florida Commission on Hurricane Loss
Projection Methodology (FCHLPM). The
model was approved by the Commission for the
1999, 2000, and 2001 siandards. The model is
used in this study to produce loss costs
relativities. Loss costs are not reported in this
study since each insurer must perform those
calculations for its book of business. The
relativities produced herein show how loss
costs are expected to vary according to wind
resistive features and FBC design options.

2.4.1 Simulated Hurricane Wind Climate

For this study, we simulated 300,000
years of hurricanes in the Atlantic Basin and
retained all storms that strike Florida. This
large number of years was chosen to ensure
statistical convergence of loss costs,
recognizing that in some cases the difference in
modeled buildings could be a change in a
single variable out of many variables. Loss
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Table 2-2. Location Points and Lat-Long Coordinates

T Latitude | Longilude
Wind (deg) (deg}

ID |Contour |Exposure Place WBDR Comment Label (X_Coord) |{Y Coord)

1 100 B Gainesvilie N 100/B -82.35078 | 29.66851

2 100 B Mid Florida Lakes N 100/B | -B1.75630 | 28.86330
3 110 B Woodville N 110/B -84.26320 | 30.24175
4 110 B Bellair-Meadowbrook N 116/B -81.75189 | 30.17602

Terrace

5 110 B Oviedo N 110/B -81.15279 | 28.66395
6 110 B Bloomingdale N 110/B -82.26102 | 27.87761
7 120 B Jay N 120/B -87.14942 | 30.95997

8 120 B West Jacksonville Y 120/B -81.50699 | 30.32542

9 120 B Cocoa West Y 120/B -80.82584 | 28.34633
10 120 B Lehigh Acres Y 120/B -31.66613 | 2657927

[I 120 B Town 'n' Country Y 120/B -82.59261 | 28.00821

12 ] 120 C Lighthousc Point Y Also analyzed as Terrain B | 120/C -84.33933 | 29.93707

i3 120 C Weeki Wachee Gardens Y 120/C -82.66236 | 28.52765

14| 120 C 8t. Aupusting Y Added point, not on contour | 120/C * -81.31077_ | 29.89192

15 130 B Niceville N Also analyzed as Terrain C | 130/B -86.50246 | 30.50508

16 | 130 B Indianiown Y 130/B -80.46272 | 27.03545

17 130 B CGolden (ate Y 130/B -81.68795 | 26.20149

18] 130 C Lower Grand Lagoon Y Also analyzed as Terrain B ) 130/C -85.73581 | 30.12823

19 130 C Micco Y 130/C -80L51389 | 27.87154

|20 | 130 C South Venice Y 130/C -82.40817 | 2704785
21 140 B Raval Palm Beach Y 140/B -R0.23009 | 26.70591

22 140 C Culf Breeze Y Also analvzed as Terrain B | 140/C -87.20833 | 30.3218%
23 140 C Vera Beach Y 140/C -80.35962 | 27.64502
24 | 150 B Hobe Sound Y Added point, not on contour | 150/B * -80.13952 | 27.07265
25| 150 B Greenacres City Y Added poiat, not on contour | 150/B * -80,13989 | 26.62595
26 150 C Palm Beach Y Added peint, not on contour | 150/C * -80.03816 | 26.69286

27| 150 C Key West Y Added point, not on contour | 150/C * -81.77521 | 24.56286

28 140 C Fort Landerdale Y HVHZ: Broward 140/C, HVHZ, -80.13958 | 26.14289

25 | 140 C Intand Broward County Y HVHZ; Broward 140/C, HVHZ | -80.44245 | 26.05956

30| 146 C Miami Y HVHZ: Miami-Dade 146/C, HVHZ | -80.21093 | 2577570

31 146 C Inland Miami Dade County Y HVHZ: Miami-Dade 146/C, HVHZ | -8(1.47958 | 25.75599

costs are driven by the intense storms and
300,000 years produces a sufficient number of
intense hurricanes for loss costs convergence.

Figure 2-3 shows several resulting wind
speed plots produced from the simulation. Peak
gust open-terrain wind speeds are plotted
versus return period for four locations: Jay,
Miami, Bloomingdale, and Gainesville.

Note that these are open-terrain peak
gust 10 m (above ground) wind speeds and are
not sustained wind speeds. Also, for typical
suburban terrain, the 10 m wind speeds will be
notably less.

The simulated wind speed exceedance
probabilities are compared to the ASCE 7-98
wind speeds in Fig. 2-4. The small differences
are due to the following:

I. The current sirnulations are based on a
larger historical data set, including
hurricancs for 1995-2000.

2. The simulations in this study use
300,000 years versus the 20,000 years
used for development of the ASCE 7-98
wind speed map.

3. Enhancements to the model since 1995.
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buildings is the lowrise, “marginally
engineered” buildings, typically one to three
stories in height, constructed with either wood
or masonry walls and having a wood truss roof
system and plywood sheathing. The
construction characteristics of the Group I
Buildings are similar to that of single family
residential buildings.

The second group of buildings consists
of multi-story buildings less than sixty feet tall,
with the structure designed by an engineer,
usually using the requirements given in the
Standard Building Code (SBC). These
buildings are usually constructed from steel or
concrete, with either steel or concrete roof
decks, although in some instances wood decks
are used.

The third group of buildings consists of
buildings over sixty feet in height. This group
exists, sincc for buildings over sixty feet tall,
the design of the building and its components is
usually performed using ASCE 7 instead of
SBC. The use of ASCE-7 instead of SBC
results in a design which must withstand higher
wind loads.

Table 2-3 summarizes these three
building height groups. This categorization by
building height is by predominant construction
and design methods that have existed in the
building codes. The user should use the
appropriate group based on actual construction
method. For example, a four story wood frame
building should be classified using the
parameters in Group I (although Group 1
typically applies to 1-3 story buildings). All
buildings over 60 feet in height should be
classified by Group III regardless of the typical
construction. The Model Building Height
column in Table 2-3 refers to the actual height
of the modeled buildings described in the
following paragraphs. For each of the three
groups of buildings described above, 3-D CAD
models have been developed.

Table 2-3. Building Construction Groups
for Condominium and Tenant

Buildings
Model
Typical Wall Typical | Building
Group Construction Heights | Height
I | Masonry or 1-3 2 stories
Wood Frame story
II | Steel or Concrete | <60 feet | 5 stories
Frame or
Reinforced
Masonry
I | Steel or Concretc | >60 feet | § stories
Frame

Group I Buildings. Models of Group 1
Buildings have been developed that consist of
two geornetries, denoted small and large, and 3
roof shapes (hip, gable and flat). The
introduction of the flat roof case yields a
feature of buildings not considered in the
residential loss relativity study, where flat and
gable roof buildings were grouped into one
class and modeled as a gable. Eliminating the
flat roof building in the case of single family
residential buildings was reasonable since
relatively few single family homes are built
with flat roofs. In the case of multi-family
units, flat roofs are common, and, hence, are
modeled in this study. The model building
geometries are shown in Figure 2-3.

The primary characteristics of the
Group I lowrise condominium/rental units are
described in Table 2-4. As in the single family
residential building relativity study, the roof
deck attachments used in the past, are largely
governed by the prescriptive requirements of
the earlier codes rather than by the performance
requirements, A total number of Group I
building types generated through the
combination of parameters presented in Table
2-4 is 1152. The sloped roof buildings are
modeled as having shingle roofs, whereas the
flat roof buildings are modeled with a built-up
roof.
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a. Small Building Flat Roof a. Small Building Gable Roof

¢. Smali Building Hip Roof d. Large Building Flat Rool

e. Large Building Gable Roof f. Large Building Hip Roef

Figure 2-5. Group I Building Geometries
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engineering calculations. In the simulation
process, the resistances of the individual
building components that will be loaded are
sampled prior to the simulation of a hurricane,
and are held constant throughout the
simulation. The model computes a complete
history of the failure of the building, which can
be used to make a “movie” of the building
performance.

Once the building damage has been
computed for a given storm and the losses for
all coverages computed, the process is repeated
for a new set of sampled building component
resistances, Once a large number of simulations
have been performed, we have derived the data
necessary to develop a statistical model for the
expected performance of the building given the
occurrence of a storm.

With this explicit modeling approach, it
is possible to assess the impact of the Florida
Building Code on the reduction in physical
dainage and insured loss. For example,
enclosed designs (protected openings) and
partially-enclosed designs can be explicitly
modeled in the same manner an engineer
designs the truss package or the huilder selects
the windows to comply with the required
dynamic pressure rating.

2,44 Insurance Assumptions

This study covers condominium and
tenant occupancies in buildings with five or
more units. Hurricane losses to these buildings
include damage to the building exterior and
roof, interior walls, floor coverings, cahincts,
etc., individual unit contents, common area
contents, and loss of use. For condominium
buildings, the condominium association
typically insures the building, including all
common areas, In some cases, the
condominium unit owner will have
responsibility for wall and floor coverings, etc.
In tenant occupied huildings, the building
owner is responsible for the entire building,
including all interior finishing.

Condominium and renter unit coverage
generally include loss of contents and loss of
use.

The possible allocations of loss to
building owner, condominium owner, and
tenant have not been evaluated in this study.
Instead, loss relativities based on total loss,
without secparate allocations to building,
contents, etc., have been used to provide a
simple and practical approach for this basic
study. This approach is also consistent with the
very simple FWUA c¢lass plan for
condominium and tenant occupancies.

The increased complexity of extending
the analysis into loss allocations would result in
significant increase in computational time and
increasing the numbers of tables by a factor of
4. This fact also suggests a simpler presentation
based on total loss in this initial study.
Additional time and effort are required to
extend this study and produce more complex
loss allocations based on individual interests

and policy type.

The value of each modeled building
was computed using ARA’s construction cost
estimation methodology. There are thousands
of possible combinations of building features,
each one producing a distinct building value.
Table 2-7 shows the average square ft costs for
each building group. The Coverage C limit was
set at 70% of Coverage A' and the Coverage D
limit at 20% of Coverage A. Loss relativities
were computed with 2% deductible (as a
percentage of the total coverage) as the basc
case.

Table 2-7, Average Square Foot Costs

Building Average of Unit Cost
Group ($/5q ft)
1 102,29
Il 87.86
1iI 86.71

' The single-family residential study showed that the loss
relalivities were not sensitive to Coverage C for the range
50% to 70% of Coverage A.
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3.0 LOSS RELATIVITIES FOR EXISTING CONSTRUCTION

3.1 General
The key construction features for
condominium and tenant buildings that

influence hurricane losses were introduced in
Section 1. This section presents the analysis of
key wind mitigation features of existing
construction that influence physical damage
and loss in a hurricane. Existing construction
refers to all multi-family buildings built to any
code or standard other than the 2001 Florida
Building Code.

As noted in Section 2, the discussion on
the construction of the multi-family buildings is
separated into three height groups. The first
group of buildings are one to three stories high
having construction fcatures very similar to
single-family hones. The next two groups are
the “engineered” structures designed to meet
the performance criteria specified in various
codes. The second group includes buildings
more than 3 stories but less than or equal te
sixty feet high. These buildings are normally
designed to the wind loads specified in the
Standard Building Code. The third group
includes all buildings above sixty feet tall,
which are normally designed to meet the wind
load requirements given in the ASCE 7. Table
2-3 summarizes these groups.

3.2 Loss Relativities for Group I

Buildings

Group I buildings are masonry and
wood frame buildings, one to three stories tall.

Table 2-4 summarizes the wind-
resistive features modelcd in the analysis of
Group 1 loss relativities. As noted earlier, the
construction characteristics of buildings three
stories tall or less are very similar to those of
one and two family dwellings, and thus the
wind-resistive features of these buildings are
basically the same as those of one and two

family dwellings. Each wind-resistive feature
can be analyzed for several distinct
“categories”, where each category corresponds
to a characteristic method of construction. For
example, the roof-to-wall connection is
assumed to be: (1) toe nail, (2) clip, (3) wrap,
or (4) double-wrap connection. These four
categories are chosen from a near continuum of
possibilitics and are categorized into a fcw
distinct cases for practical reasons.

Appendix A discusses the wind-
resistive features for the three building proups.
As discussed in Appendix A, opening
protection can be achieved in several ways,
including the use of impact resistant glazing,
impact resistant coverings, and also wood
structural panels, per the FBC.! We note that
this study has not analyzed wood structural
panels {(plywcood shutters) because of the
limited time and scope of this effort and the
need for detailed analysis of test data to
properly characterize the impact and pressure
cycling resistances of wood panels. We have
also not attempted to quantify any added
benefits provided by passive in-place protection
afforded by impact resistant glazing.?

Secondary  classification  variables
include the same factors discussed in the
previous study for single-family buildings,
namely, dimensional lumber, protection of
nonglazed openings, gable end bracing, wall
construction, reinforced concrete roof deck and
wall-to-foundation restraint, These factors have
not been separately analyzed in this study due
to time and budget issues. If appropriate, users

! For non-HVHZ locations in Florida, wood structural
panels can be used for protection of openings in one
and two story buildings. See FBC Section 1606.1.4 for
wood panel fastening requirements.

* Glazing refers to glass or transparent or translucent
plastic sheet used in windows, doors, or skylights
(ASCE 7-98, Section 6.2).
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can apply the secondary factors to Group I
buildings exactly as was illustrated in the

previous study.

3.2.1 Group I Loss Relativity Tables

The main loss relativity tables are given
in Tables 3-1 and 3-2 for FBC Terrain B and C,
respectively. The rating factors are discussed in
Appendix A. These tables are normalized to a
“central” building, as discussed in Section
3.2.3.1. These tables are for a 2% deductibie
(as a percentage of tota] coverage).

The loss relativities in Table 3-1 for
Terrain B are based on averaging the loss
relativities for the two model buildings for all
17 Terrain B locations in Table 2-2.

There are 14 Terrain C locations in
Table 2-2. These locations are intended to
represent:
1. Points located within 1500 feet of coast
line.
2. Barrier islands.

3, All of Broward and Dade counties, per
the FBC.

The relativities in Table 3-1 for these
Terrain C locations are based on averaging the
14 modeled Temain C locations across the
state.

Because Terrain Category C loss costs
are higber than Terrain Category B loss costs,
the nommalizing base class loss costs are
different for Tables 3-1 and 3-2. Therefore,
although the range in relativities is lower for
Terrain C, the base loss costs for these
locations are higher, reflecting the open terrain
exposure. o '

Appendix A discusses the analysis and
shows how the relativities vary by location.
The variation in relativity was not judged to be
significant enough to warrant the complexities

introduced by separate relativities for each
location.

3.2.2 Sensitivity Studies on Group I
Secondary Variables

 Sensitivity analyses were not performed
in’ t}:us study However, relatmty adJustmems .
associated with -the following wind-resistive+

‘features were analyzed for the previous study :

of single-family hotises:

1. -Roof Deck Attachment D (Dimensional *
- Lumiber, etc,) -

Wall Construction -
- Reinforced Concrete Roof Deck
Opening Coverage -
* Gable End Braging
“Foundation Re’s-ti"ain't '
The same secondary ad_]ustments described in -
the previous report can be applied to the Group

S AW oN

1 relativities ‘given in Tables 3-1 and 3-2;

3.23 Discussion of Group I Loss Relativity
Results

As expected, there is a wide range of
relativities from the weakest to the strongest
buildings. The multiplicative ranges are factors
of about 9 for Terrain B and 8 for Terrain C.
These ranges are not as large as actually exists -
in a territory because not all variables. have
been considered separately in the classification,

'The following paragraphs discuss the
differences in loss relativity for some of the key __
variables.

3.2.3.1 Normalization

The results in Tables 3-1 and 3-2 have
been normalized by the loss costs of & “typical”
building, which makes the comparison of the
relativities easier. The typical building is
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selected as a gable roof shape, clip roof-to-wall
connection, deck attachment B, and non-FBC
roof cover with no secondary water resistance,
Note that the “typical” building is mnot
necessarily the “most likely” or “average”
building for a territory or construction era.

We see that the weakest building in
Terrain B has loss costs 2.55 times that of a
“typical” building. The strongest building has
loss costs of only .28 of the “typical” building,
reflecting the stronger roof, opening protection,
hip roof shape, and SWR. These differences are
readily explained by differences in component
and connection strength and impact resistance.
Some insurers may choose to renormalize the
results to the weakest building for purposes of
implementation. Renormalization, of course,
has no mathematical influence on the
computation of rates.

3.2.3.2 Roof Deck and Roof-to-Wall
Connections

The effect of improved roof deck
attachment can be seen W Fig. 3-1, which
compares HURLOSS  predicted  deck
attachment failure rates for a gable roof
example for a Terrain B location. This plot
shows the average percent of roof deck that has
failed from the negative pressures and resulting
pressure (suction) loads on the plywood roof

Average Percent of Roof Deck Damage
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{n) Gable Example 6d Roof Deck Nails

deck. The sheathing on both buildings are
nailed with a 6"/12” nailing pattern. Wc see
that if these buildings experience winds
associated with a maximum reference peak gust
speed (10 m above ground) of 125 mph, the
building with 6d nails on average loses 2% of
its roof deck while the building with 8d nails
loses on average 1% of its deck. At 155 mph,
the building with 6d nails loses 45% of its roof
deck on average and the building with 8d nails
loses about 38% of its roof deck on average.

Figurc 3-2 plots the percent of storms
that produce whole roof failures for these two
buildings. Whole roof failure occurs when the
loads on the roof exceed the uplift resistance of
the roof-to-wall connections. The roof, or
major portions of it, fail and lift off: the
building. The difference in strength between
toe nails and straps (single-wrap) rcsults in a
much reduced frequency of whole roof failures
for straps. For 125 mph reference peak gust
winds, the toe-nail case experiences whole roof
type failures in about 10% of the hurricanes
whereas the strapped case experiences whole
roof failures in only 2% of the storms.

The combination of strengthening these
two connections significantly reduces the
failure rates of roof deck and whole roof
failures.

Averaga Percent of Roof Deck Damage
100 —

eo~ i — /ol

-

10| --— -4
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Figure 3-1. Comparisen of HURLOSS Estimated Roof Deck Damage for 6d versus 8d Nails
for Terrain B Location — Group I Buildings
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with a 6”/12” nailing pattern, thus resulting in
similar damage rate curves (see left-hand plots
in Fig. 3-7).

Similarly, the strongest roof deck design for
both the SBC 1976 and SBC 1988 building
codes yields a plywood fastening schedule of 8
penny nails with a 6°/12” nailing pattern, again
resulting in similar damage rate curves (see
right-hand plots in Fig. 3-7). It can be seen
from Fig. 3-7 that the performance of the
plywood roof deck can vary significantly with
the design wind speed for either of the SBC
building codes considered. For example, if a
Group II Building designed according to SBC
1976 were situated in a Terrain B environment
and subject to a hurricance producing peak gust
speeds equal to 100 mph it will have about a
90% chance of experiencing roof deck damage
if it were designed using a 90 mph design speed
and only about a 30% chance if it were
designed using the upper limiting design speed.

The roof deck performance of a Group
II Building constructed with a metal roof
system is shown in Fig. 3-8 for the same
limiting designs as discussed above for the
Group II Building with a wood roof system.
The four metal roof deck damage rate curves
shown in Fig. 3-8 are very similar since the
miniimum metal deck attachment schedule for
roof zone 1 remains in effect for all design
speeds for both of the code eras.

3.3.2.2 Roof Framing and Roof-Wall
Connection

For Group II type buildings with a
wood roof system, whole roof failure rates are
shown in Fig. 3-9 for the two limiting SBC
1976 designs and the two limiting SBC 1988
designs. As is clearly shown in Fig. 3-9, there
are large variations in whole roof failure rates
for different design speeds within each of the
two code eras. For example, considering the
Group II Building designed according to SBC

1988, hurricanes producing a peak gust speed
of 150 mph are estimated to produce whole
roof failures about 35% of the time when
designed using a 90 mph design speed versus
only about 3% of the time when designed using
a 110 mph design speed.

The failure rate of the steel joist-to-wall
connection is shown in Fig. 3-10. The plots
show the percent of storms producing at Icast
one joist-to-wall failure versus the peak gust
speed produced by the storm. Due to minimum
weld requirements, the wplift capacity of the
joist at the wall connection is modeled the same
for both code eras and all design speeds.
However, the moment capacities of the joists
vary with both code era and design speed.
Since moment failures cause adjacent joists to
carry increased loads, they will mfluence uplift
failures. The uplift failures thus vary with
design era and design speed, as can be seen in
Fig. 3-10.

3.3.2.3 Protection of Openings

The protection of glazed openings
(windows and sliding glass doors) has the
direct effect of reducing the frequency of
glazing failures due to impact by windborne
debris. In addition, shutters will relieve some of
the wind pressure load taken by the glazing due
to load sharing, thus reducing the number of
pressure failures at the same time. Figure 3-11
shows the reduction in fenestration damage
resulting from glazing protection for Group II
Buildings.

Fewer instances of fenestration damage
afforded by the glazing protection results in
fewer instances that the interior of the building
on the top floor becomes pressurized, thus
leading to a reduction in damage to the roof
deck (see Fig. 3-12), and to opcn web steel
joists for metal roof systems (Fig. 3-13).
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4.0 LOSS RELATIVITIES FOR NEW CONSTRUCTION

4.1 General

The FBC will have a beneficial impact
on new construction in the state of Florida. The
code will improve the design and construction
of new buildings with regard to wind loads,
particularly in the windbome debris regions.
Prior to the FBC, only a few counties in the
state rtequired consideration of windbome
debris.

The development of the loss relativities
for new construction requires consideration of
two design options in the wind-bome dehris
zone: design as an enclosed building or design
as a partially-enclosed building. Section 4.2
presents a summary of the major design issues
of the FBC. Appendix A provides a more in-
depth discussion and also presents the analysis
of the loss relativities for new construction to
the FBC. Appendix B includes an example of
the design calculations that were performed by
ARA in order to model the critical wind
resistive features of multti-unit buildings built to
the new code. Section 4.3 presents the [oss
relativity tables for new construction, Section
4.4 presents loss relativities for over-design
cases, and Section4.5 presents a brief
discussion of rating verification issues for new
construction.

4.2  EHect of the Florida Building Code

on New Construction

With respect to the rating of buildings
for insurance purposes, the FBC makes the
following wind-related changes to construction
requirements in the state.

» The introduction of a Wind-Borne
Debris Region (WBDR) means that new
buildings in this region must now either
have impact resistance protection on all
glazed openings or be designed for
higher wind pressures (han previously.

This changc means that a designer must
now choose between designing the
structure as -cither an enclosed or
partially  enclosed building. For
buildings taller than 30 ft, a different
impact test standard is required for
small missiles.

* A new wind speed map and new terrain
exposure categories mean that buildings
in some parts of the state will be
designed for higher wind pressures than
they were previously under the SBC.
This change will affect the design of
several parts of the structure including
the strength of the windows, the
strength of the roof deck and its
connections, the wall design, and the
foundations.

* A designer wiil now consider only 60%
of the dead load in resisting uplift loads
in the FBC, which means that roof-wall
straps will be stronger than they were
using the SBC,

¢ More wind resistant roof coverings will
now become the standard roof covering
in most of the state, For design wind
speeds of 110 mph and greater, the
agphalt shingles must be tested
according to ASTM D 3161 (modified
to 110-mph} or Miami-Dade PA 107.

4.2.1 Design Scenarios in Wind-Borne

Debris Region (WBDR)

An “Enclosed” structure is designed
assuming that all the openings are closed and
therefore the wind loads are determined using a
small internal pressure inside the building. To
be designed as an “Enclosed” structure, a
building must have all its glazed openings
being impact resistant, achieved either by
having qualified protection devices or using
qualified impact resistant glazing,
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Alternatively, a “Partially Enclosed” building is
designed assuming that one or more areas on
the building are open to allow the wind to enter
the huilding and pressurize the interior. This
pressurization means that individual parts of
the building, such as the windows, doors,
trusses, and roof decking must be designed to
be stronger than the same features in an
“Enclosed” building.

For insurance rating purposes, the
distinction between the enclosed and partially-
enclosed designs in the WBDR with respect to
loss costs is largely determined by the presence
or absence of opening protection on all glazed
openings'. Enclosed designs in the WBDR will
perform better than partially-enclosed dcsigns
and will have lower losses because of the effect
of the opening protection. Section 3 discusses
the significance of opening protection in
reducing damage and loss.

For tall buildings, the impact protection
standard changes compared to residential
structures. For openings between 0 and 30 ft,
the large missile impact test referred to in the
residential study is required, where a wood 2x4
stud is fired at the protection device or impact
glazing, followed by pressure cycling tests. For
openings between 30 and 60 ft above ground,
the protection device must meet the small
missile impact test, where 30 steel balls are
fired at the device. Openings above 60 ft do not
need impact protection, except in the HVHZ
where all openings greater than 30 ft above
ground must meet the small missile test.

Examination of the results in Appendix
A indicates that the partially-enclosed designs
are only marginally better than an equivalent
cnclosed design without protected openings.
The small increase in performance is due to the
stronger roof-to-wall connection, tighter roof
deck nailing pattern, and stronger window and
door assemblies in terins of pressure resistance.

" In the HVHZ, all openings must be protected (see
Section 1626 of FBC 2001).

4.2.2 Definition of Terrain “Exposure
Categou-g,r”2

The FBC has adopted a different
definition of Exposure C than the one that
appears in the text of ASCE 7-98. Exposure C
(known as the open country exposure) is
defined in the FBC as Broward and Miami-
Dade counties (HVHZ), barrier islands within
5000 ft of the high water line, and 1500 ft from
the coastline in the rest of the state. All other
buildings will be designed for Exposure B.
Loss relativities are computed for buildings
designed for terrain Exposures B and C
separately.

4.3 Loss Cost Relativity Tables

For each of the 31 locations, the roof
deck attachment, the roof-to-wall connection,
and the window design pressures on the model
buildings were designed to the minimum
requirements of the Florida Building Code as
described above. These “designed” buildings
were analyzed with HURLOSS to estimate the
loss cost of each of the buildings at each
location. Over one hundred FBC 2001 building
designs were produced, reflecting the different
design wind speeds, treatment of internal
pressure, building height, and roof shape. Over
1,000 HURLOSS  computations  were
performed for these FBC buildings at different
locations in Florida,

The average loss costs for the base class
(typical) buildings in the existing building
study were calculated for cach location, and
used to determine the relativity of cach FBC
building. That is, we normalized the new
construction relativities by the same values in
the existmg building study so that the relativity
tables would be consistent with each other.

2 ASCE-7 uscs the term “Exposute” to define the earth’s
surface roughness for purposes of grouping this
roughness into several distant categories for wind load
estimation. Insurers need to be aware of this use of the
term “Exposure” when reading building code and wind
engincering litcraturc.
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The analysis summarized n
Appendix A shows that for classification
purposes for hurricanes, the key variables for
new construction are:

s Terrain Exposure Category
» Roof Shape

s Roof Deck Type

¢ Opening Protection

» Design Wind Speed

¢ Internal Pressure Design

Appendix A contains a more detailed
explanation of how these factors affect the
strenpth of various features of the building. It
also discusses several other definitions from the
FBC that affect the overall strength of the
building.

Tables 4-1, 4-2, and 4-3 present the
relativity results for new construction for 2%
deductible for Group [, II, and III buildings
respectively. The top part of Table 4-1 covers
all new construction that does not have a
reinforced concrete roof deck. The bottom part
of Table 4-1 is for Group I buildings with a
reinforced concrete roof deck. The results for
Group II buildings include wood, metal and
concrete roof decks. The results for Group III
buildings are for metal and concrete roof decks.
The lower portion of each table applies only to
those buildings with a reinforced concrete roof
deck built to ACI 318 and tied integrally to the
walls.

The wind speeds in Tables 4-1 through
4-3 are peak gust wind speeds that correspond
ta the FBC wind speed map (Fig. 2-1). The user
should be aware that the wind speeds in Tables
3-3 through 3-6 in Section 3 cormrespond to
fastest mile wind speeds. The reason for this
difference is that the earlier design standards
for Groups II and IT buildings used fastest mile
wind speeds instead of peak gust wind speeds.

Our analysis of the results indicates that
the wvariation in relativities between wind
speeds is notable for the lower wind speed
levels (100 and 110 mph) and that the higher
wind speeds can be grouped into > 120 mph.
Therefore, Tables 4-1 through 4-3 show only
three wind speeds: 100 mph, 110 mph, and =
120 mph. Buildings with reinforced concrete
deck have not been observed to fail in
hurricanes. Therefore, in this study, design
wind speed is not considered as a rating factor
for buildings with reinforced concrete roof
decks.

We note that Opening Protection in
Terrain Exposure B and Exposure C means that
all glazed openings (i.c., those with glass or
plastic) are protected with impact rated glazing
or shutters. The requirements for the High
Velocity Hurricane Zone (HVHZ) are slightly
different in that all openings including doors
and garage doors must he protected with
shutters or impact resistant products. The
results of our simulations of buildings in the
HVHZ include this additional protection
requirement for the HVHZ in Tables 4-1
through 4-3.

The analysis for opening protection for
new construction was performed only for
devices that meet the impact and pressure
cycling test standards. Although wood
structural panels (plywood) are allowed by the
FBC (except in the HVHZ), modeling and
analysis of that option was not performed in
this study.

44  Mitigation and Over-Design to FBC
Minimum-Design Relativities

Each of the designs prepared for the
study buildings (summarized in Appendix A)
meet the minimum requirements of the FBC.
There are many opportunities in most parts of
the state to exceed these requirements, and
build to a higher design wind speed, or protect
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Table 4-1. Loss Relativities for Minimum-Design Construction to FBC 2001, Building
o s
Group I (2% Deductible)
FBC 2001 Construction Flat Gable Hip
Terrain | Gust Wind | Internal Pressure 4|NoOpening  Opening |No Opening  Opening |No Opening  Opening
Roof Deck Exp.t |Speed'® {mph) Design® WBDR'| b lection  Protection | Protection  Protection | Protection  Prolection
100 Enclosed No 0.61 - 0.54 K 0.4 S
110 Enclosed No 0.60 =z 0.52 7 043 I
B Enclosed No 0.50° - 041" - 0.38" -
Other Roof 2120|0000 Yes | o 038\~ 034 4o 63
Deck’ Part. Enclosed Yes 0.44 - 0.37 - 0.36 -
¢ »1ap Enclosed | Yes | oo 023 4 o] 82l | o021
: Part. Enciosed Yes 623 0.23 0.23
HVHZ | 2120 | Enclosed Yos ¥ 0.23 3 021 K 021
No 034 - 0.34 3 0.32 3
entoree | B | Aw S Yes | 027 | - 2 S 027,
cinfo Part. Enclosed Ves 030 > 030 > 0.30 3
Conerete | Enclosed Yes 0.17 0.17 017
Roof Deck’ : e ok - SRR P 5. B o T kLI A P L ). 5 S
oo C Any Part. Enclosed Yes 6.19 7 0.19 7 0.i8 K
HVHZ Any Enclased Yes 5 0.16 = 0.16 T 0.16

! Tahle is for buildings built to Minimum Wind Loads of FBC 2001. Buildings built to higher loads should use this mble and the adjustments in Table 4-4,

? See Figure 2-1 and FBC 1606.1.8.
Y FBC 1606.1.4.

* WBDR = Wind-Bome Dchris Region (FBC 1606.1.5 and Section 2.2.1 of this report).

* Not applicablc to Mininmm Load Design in non-WHBDR,
® This relativity applics to non-WBDR lacations.

! Not applicable to Minimum Load Design for Partialty Enclosed Buildings in WBDR.

! HYHZ requires WBD Opening Protection.
? No secondary rating factor adjustments to these relativities.
1" FBC prak gust wind speed comesponding to building location.

the building with opening protection. A builder
may consider this when his geographic area of
business extends across several wind speed
regions, or the builder is attempting to
differentiate his product from others in the area.
It is also possible to add features that are not
required by the building code, such as
Secondary Water Resistance (SWR). For these
conditions, the relativities shown in Tables 4-1
through 4-3 should be adjusted with factors
from Tables 4-4 through 4-6.

To determine the changes in loss
relativity for the over-design and/or mitigation
cases, six locations with FBC design wind
speeds ranging from 100 mph to 150 mph were
selected and buildings at each location were re-
designed using higher desigh wind speeds (at
an increment of 10 mph) than the minimum
requirements. Additional mitigation features,
such as opening protection and SWR, were
assumed for those buildings as well (if none
existed previously). More than 700 cases were

determined in this manner and simulated using
HURLOSS. The simulation results were then
normalized by the results from the minimum
design tables (Tables 4-1 through 4-3) to
produce modification factors for over-design
cases (see Tables 4-4 through 4-6). The column
labeled as “Location Wind Speed” in Tables 4-
4 through 4-6 lists the minimum design wind
speed required by new FBC for each location
selected.

These tables show that the biggest
factor is the addition of opening protection,
which offers up to 70% reduction in loss costs
from the minimurmn design case. Also, buildings
in the 100 mph region with no opening
protection could benefit by approximately 20%
for Groups I and II buildings and 40% for
Group III buildings when built to 110 mph
wind speed. The benefit could be even higher
when higher wind speeds are used in the
design.
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Table 4-2. Loss Relativities for Minimum-Design Construction to FBC 2001, Building
Group II (2% Deductible)'

Roof Dock | _Termein ) Gust Wind | wapre Enclosed’ Partially Enclosced’
Exposure” | Speed (mph) No Opening Protection | With Opening Protection | No Opening Protection
100 No 0.56 A A
B 1o No 0.67 A A
. No 0.53° - -
Wooad Deck =120 Yes - 033 0l
C =120 Yes - 0.28 0.35
HVHZ 2120 Yes A 027 .
100 No 061 S -
B 110 No 0.72 R E
Metal Deck? >120 N 0.54° - - {
Yes - .32 .39
o 120 Yes - 027 0.36
HVHZ > 120 Yes 7 0,29 7
No 0.43 2 E
R&‘Lf:;zd B Any Yes - 0.19 0.27
Roof Deck? C Any Yes - G.16 0.25
HVHZ HVHZ Yes y 0.16 R

' Table is for buildings built to Minimum Wind Loads of FBC 2001, Buildings built to higher loads should use this table and the
adjustments in Table 4-5.

2 See Figure 2-1 and FBC 1606,1.8.

* FBC 1606.1.4,

* WRDR = Wind-Bome Debris Region (FBC 1606.1.5 and Scetion 2.2.1 of this report).

* Not applicable 1o Minimum Load Design in non-WBDR,

“ This relativity applies to non-WBDR locations,

7 HYHZ requires WBD Opening Protection.

¥ No secondary rating factor adjustments to (hese relativities,

* FBC peak gust wind speed corresponding to building location.

5

Table 4-3. Loss Relativities for Minimum-Design Construction to FBC 2001, Building
Group III (2% Deductible)"

i st Wi d’ Partiall 3
Roaf Deck Terrain , Gust Wind . WBDR® : l.:'.nclose‘ : : artia y Enclosedl
Exposure Speed (mph) No Opening Protection |With Opening Protection | No Opening Protection
100 No 088 S -
B 110 No 0.74 o -
Metal Deck® 2120 Mo 0.48° - -
e e = Yes - 0.27 0.34
C =120 Yes - 026 0.36
HVHZ =120 Yes A 0.25 iy
No .46 - -
; B An
Reinforced Y Yes - 0.16 023
Canerete Raaf
Deck? c Any Yes - 0.16 0.28
HVHZ HVHZ Yes z 0.16 7

' Table is for buildings built to Mininum Wind Leads of FBC 2001, Buildings built to higher loads should use this 1able and the adjustments
in Table 4-6.

? See Figure 2-1 and FBC 1606,1.8,

* FBC 1606.1.4.

* WBDR = Wind-Borne Debris Region {(FBC 1606.1.5 and Section 2.2.1 of this repart),

* Not applicable io Minimum Load Design in non-WBDR.

* This relutivity applies to non-WBDR locations.

! HYHZ requires WBD Opening Protcction.

¥ No sccondary mating factor adjustments to these relativities.

® FBC peak gust wind speed corresponding to building location.
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Table 4-4. Modification Factors () for Over-Design and/or Mitigation of New Construction
FBC Buildings (Group I}

Gust Wind Gust Wind No Opening Protection Opening Protection B
Eg::go‘:ﬁ Sp"%deg‘;ﬁ?) of No SWR SWR No SWR SWR
100 1.00 0.02 053 048
110 0.80 0.74 0.52 047
120 0.61 0.55 0.51 0.46
100 mph 130 0.57 0,51 0.51 0.46
140 0.52 047 0.51 0.46
150 0.49 045 047 0.43
110 .00 0.93 0.61 0.56
120 073 0.67 .59 0.54
110 mph 130 0.69 0.63 0.59 0.53
140 0.64 0.57 0.58 0.53
150 0.59 0.53 0.54 0.49
120 1.00 0.92 0.78 0.70
130 0.92 0.84 0.77 0.69
120 mph 140 0.85 0.76 0.77 0.69
150 0.78 0.70 0.70 0.63
130 1.00 0.92 0.81 0.72
130 mph 140 0.90 0.81 0.80 0.72
150 0.81 0.72 0.72 0.62
140 1.00 0.91 0.89 0.80
140 mph 150 0.91 0.81 0.79 0.69
150 mph 150 1.00 0.90 0.86 0.75

"'Wind speed for where building is located.
% Wind speed that building is designed or mitigated to withstand

Table 4-5. Modification Factors (/¥;) for Over-Design and/or Mitigation of New Construction
FBC Buildings (Group II)

Gust Wind Gust Wind Mo Opening Protection Opening Protection
Sggaego‘]’ﬁ Spegdeggﬁ?) of No SWR SWR No SWR SWR
100 1.00 093 046 0.40
110 0.79 072 043 037
120 0.50 042 042 0.34
100 mph 130 0.4 0.37 0.42 0.33
140 041 0.34 0.38 031
150 0.39 032 0.3% 0.31
110 1.00 0.90 0.46 0.38
120 0.58 0.48 0.44 0.34
110 mph 130 0.49 0.40 0.43 6.33
140 044 0.35 0.39 0.29
150 042 0.32 0.38 0.28
120 1.00 0.75 0.70 0.50
130 0.83 0.69 0.68 0.52
120 mph 140 0.74 0.59 0.61 045
150 01.69 0.53 0.59 0.44
130 1.00 0.81 0.77 0.56
130 mph 140 0.88 0.74 0.68 0.51
150 081 0.64 0.65 0.48
140 1.00 0.81 0.75 0.54
140 mph 150 091 0.74 0.71 0.54
150 mph 150 1 1.00 0.85 0,77 0.54

" Wind speed for where building is located,
% Wind speed that building is designed or mitigated to withstand
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Table 4-6. Modification Factors (N} for Over-Design and/or Mitigation of New Construction

FBC Buildings (Group IIT)

Gust Wind Gust Wind No Gpening Protection Opening Protection
Speed of Speed (mph) of
Location' Designz No SWR SWR No SWR SWR
100 1.00 0.90 0.30 0.23
110 0.58 0.51 0.27 0.21
100 mph 120 0.32 0.25 0.28 0.20
130 0.28 0.21 0.26 0.19
140 0.26 0,20 .25 0.1
150 0.26 0.19 0.24 0.18
110 1.00 0.83 0.36 0.29
120 0.50 0.40 0.39 0.27
110 mph 130 0.42 0.31 0.36 0.25
140 0.38 0.28 0.34 0.24
150 0.37 0.27 0.32 0.22
120 1.00 0.7% 0.69 0.53
120 mph 130 0.82 0.64 0.64 .45
140 0.73 0.55 0.61 0.42
150 0.70 0.52 0,55 .39
130 1.00 0.89 0.69 0.52
130 mph 140 0.89 0.72 0.66 048
150 0.83 0.65 0.59 0.42
140 mph 140 1.00 093 0.72 0.53
150 .94 .75 0.65 046
150 mph 150 1.00 0.96 0.67 0.51

" Wind speed for where building is located.

* Wind speed that building is designed or mitigated to withstand

Due to restraints in time and available
resources, the effects of roof shape on
modification factor for over-design and
mitigation of new FBC buildings were not
investigated in this study. In a companion
study, “Development of Loss Relativities for
Wind Resistive Features of Residential
Structures,” roof shape has shown limited
effects on the modification factor. Therefore, to
simplify the rating process, the modification
factors listed in Tables 4-4 through 4-6 can be
assumed to be applicable to any roof shape.

To use these tables, one must know the
minimum wind speed zone for where the
building is located, and also the design wind
speed for which the structure was actually
designed. For example, if the building is
located in Mid Florida Lakes, the minirmum
wind speed zone for that location is 100 mph,

Exposure B. Now, lets say the building was
actually designed for 120 mph, Exposure C
wind loads, and also has hurricane opening
protection and no SWR. For a Group [ building
with flat roof and other roof deck the adjusted
relativity would be a simple multiplication

R'=R_ -N, 4-1)
where R, = 0.61 (relativity for FBC minimum
design in Table 4-1) and N; = 0.5! from
Table 4-4. This multiplication produces
R'=031,

Verification Issues for New
Construction

4.5

FBC Section 1606.17 summarizes the
required wind load information that must be
shown on construction drawings:
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1. Basic Wind Speed

2. Wind Importance Factor and Building
Category
3. Terrain Exposure

4. Applicable Internal Pressure Coefficient

5. Design Wind Pressure of Components
and Cladding.

With this information and the following
additional data (from the drawings or certified
by the design professional) one can properly
rate the building.

1. Location of Building
2. Wall Construction
3. Roof Deck Type

4. Roof Shape

5.

Additional Mitigation Factors (all
openings protected, SWR),

All of these items may be summarized on a
form to be completed by the design
professional and/or wverified by a trained
inspector.
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5.0 SUMMARY

5.1 General

A research project has been conducted
to estimate the effects of wind-resistive
building features in reducing hurricane damage
and loss to residential occupancies in
condominium and tenant buildings located in
the state of Florida. The scope of this project
has included both new construction to the
Florida Building Code 2001 (FBC) and existing
construction.

The results of this study are based on
the analysis of individually modeled buildings
at numerous locations in Florida. Each building
has been modeled with a specific set of wind
resistive features, The features considered in
this project include: roof shape, roof covering,
secondary water resistance, roof-to-wall
connection, roof deck material/attachment,
opening protection, and wall construction. For
new construction, the buildings have been
designed to the FBC 2001 according to the
design wind speed, wind-borne debris region
design options, and FBC definitions of Terrain
Category. In the wind-borme debris region,
designs for both enclosed and partially
enclosed structures have been evaluated, per
the FBC and ASCE 7-98.

5.2  Florida Building Code

The FBC is the central piece of a new
statewide building code system., The single
statewide code is developed and maintained by
the Florida Building Commission. The FBC
supersedes all local codes and is automatieally
effective on the date established by state law.
The new building code system requires
building code education for all licensees and
uniform procedures and quality control in a
product approval system.,

The FBC 2001 will have a notable
impact on new construction in the state of

Florida. The code is expected to improve the
design and construction of new buildings with
regard to wind loads, particularly in the
windborne debris regions. The key impacts of
the FBC on construction include:

1. A Wind Borne Debris Region (WBDR)
that encompasses a significant part of

the state,

2. Adoption of ASCE 7-98 Termain
Exposure Categories, with some
exceptions.

3. Options for Partially Enclosed and
Enclosed Design in WBDR.

4, HVHZ in Miami-Dade and Broward
Counties; enclosed design required in
HVHZ,

5. Opening protection in WBDR applies to
glazed openings in lower 60 ft of
building, except that all openings must
be protected in HVHZ.

6. Wood structural panels are not
allowable as opening protection for
multi-family buildings with more than
two stories.

7. For buildings taller than 30 feet in the
WBDR, the small missile can be used
for opening protection for glazing above
30 feet. No opening protection is
required by the code for glazing above
60 feet in the WBDR. The cxception to
this is in the HVHZ, where small
missile protection is required above 60
feet.

8. Load combinations for ASCE 7-98 for
Allowable Stress Design will result in
larger connection sizes for roof-to-wall
connections.

9. Chapter 34 requires buildings that are
damaged beyond 25% to be repaired
according to the FBC. For buildings
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damaged beyond 50%, the entire
building must be repaired to conform to
the FBC.

The wind speed map for the FBC is
repeated in Fig. 5-1. The Wind-Borne Debris
Region includes all areas where the basic wind
speed is 120 mph or greater except for
Panhandle area where the region includes areas
only within 1 mile of the coast. The FBC
adopted the Terrain Exposure Categories of the
ASCE 7-98 with a few exceptions. Terrain

Wind-horne Debris Region
Saction 1606.1.5

1 e of ot

110 mph 4 i ol const ASCE 78

Sl Mg Sod

) Vitkims arariominal desior, 3-sacond gust,
for Exposuee C
establish
usa B kel wing-spesd coniour of the. onactal ama.

pecisl wind ragions shal be examined for vl

wind condilions.

S5} Wind speeds ane American Socaty of Gl
Standard {ASCE 7.98) 50-100-year peak gusts.

i illes pise hour {imiph) 2 33 feat (10 m). abova ground

%) This map ia Bccuraie & the:county Lot ¢
ot i i g
sy physical tindimeanks such & major oy, canals,
shorstines,
3} et wd enestal areas outride the st confrcr shall

4 Mourdainos berein; gorge, cosan promontoriés, and

Enginetrs

FIGURE 1600

Exposure C (open terrain) applies to all
locations in  Miami-Dade and Broward
Counties (the High Velocity Hurricane Zone,
HVHZ), barrier islands, and all locations within
1500 ft of the coastline. Terrain Exposure B
(urban, suburban, and wooded areas) virtually
applies to all other locations in Florida.

Discussion of the FBC is contained in
Sections 2, 4, and Appendix A. Appendix B
contains example sets of FBC design.

. STATEGFFLORIDA
WIND-BORNE DEBFIA REGION & BABIC WIND BPEED

Figure 5-1. Wind Regions in Florida Building Code
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5.3  Methodology

As discussed in Section 2, loss cost
relativities were produced at 31 locations in
Florida. Each modeled building with each
combination of wind resistive features was
analyzed at these locations. Building designs
for the possible building code eras and
controlling windspeeds were produced and
analyzed at the relevant locations. The results
were then examined to see if location
dependent relativities were justified. The
variation in loss cost relativity by location was
judged to be small. Hence, a single set of
relativities is provided statewide for existing
construction and by winspeed interval for new
construction.

The loss costs were computed using the
HURLOSS computer model. Three hundred
thousand years of hurricanes were simulated
for each building case analyzed in this study.
The hurricane windspeed risk used in this study
was compared to the national design standard
(ASCE 7-98) and the results were essentially
identical.

The relativitics were compressed by an
engineering judgment facior to reflect modeling
uncertainties and limitations due to the scope
and schedule.

5.4 Loss Relativities

The loss costs relativities for existing
construction are developed in the form of a set
of tables. Three groups of building types were
used to classify condominfum and tenant
buildings. These include:

® Group ! Buildings — Masonry or wood
frame structures, typically 1-3 stories,

o  Group Il Buildings — Steel, concrete, or
reinforced masonry frame buildings 60
feet tall or less.

&  Group Il Buildings — Steel or concrete
frame buildings that are greater than 60
feet tall.

Three sets of loss relativity tables arc provided
to cover these construction groups. Group II
and IT Buildings are further classified based on
the year built for existing construction.

For new construction to the FBC 2001,
a single table covers the minimum load designs
for each Group. The analysis indicates that
there is a small difference in relativity between
an enclosed design without opening protection
and a partially enclosed design (also without
opening protection). Hence, in the tables in
Section 4, there is only a small difference in
enclosed and partially enclosed designs without
opening protection.

Not all of the FBC new construction
will be designed and built to just the minimal
loads required by the code. Engineers may
design buildings to higher loads than the
minimum. Alternately, the owner may mitigate
the building at a later date with SWR or
opening protection. A separate table of
modification factors has been developed to
handle these cases.

The tables in Sections 3 and 4 have
been normalized to a “typical” huilding, which
is a representative building as opposed to the
weakest building. The relativity for the central
building is one. The Terrain B results are
primarily for inland locations and the Terrain C
results are primarily for barrier islands and
locations within 1500 feet of the coastline,

Opening Protection in these tables mean
that all glazed openings (i.e., those with glass
or plastic) are protected with impact-rated
glazing or shutters. The requirements for the
High Velocity Hurricane Zone (HVHZ) are
slightly different in that all openings, including
doors and garage doors, must be protected with
shutters or impact resistant products. The
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results in Section 4 include protection for all
openings that is required in the HVHZ.

The loss relativities are based on total
loss costs corresponding to 2% deductibles.
The possible alloeations of loss to building
owner, condominium owner, and tenant, and
the associated relativities based on these
allocations have not been evaluated in this
study. Instead, loss relativities based on total
loss, without separate alloeations to building,
contents, ete., have been used to provide a
simple and practical approach for this basic
study.

Refer to Sections 3, 4, and Appendix A
to fully appreciate the issues associated with
implementation of these loss relativities for
existing and new construetion.

5.5 Limitations and Discussion

The following discussion represents the
independent opinions of the ARA authors of
this report and should not be interpreted as
representing views of the State of Florida.

Building Features Not Considered. As
described and discussed in Appendix A, there
are some key variables not explicitly
considered in this study. These include:

I. Complex building plan geometries

2. Multiple Ilevel roof geometry or
multiple types of roof cover on the same
building

3. Parapets
4. Roof top equipment

5. Tile roof coverings (not considered in
the modeled buildings)

6. Skylights
7. Porches, balconies, and carports

8. Location of building next to a source of
high elevation missiles, such as gravel
roof ballast on an adjacent building

9. Variation of opening protection with
building height, In this study, an all or
nothing approach was used for opening
protection. That 1s, the building
openings were assumed to be either
protected uniformly or all openings
were treated as unprotected. No cases of
partial protection were considered nor
of changes in level of protection at
certain building heights (e.g., 30 1 or
60 ft).

10. Over design of existing Group IT and
Group I1I buildings.

While somc of these limitations may be of
secondary importance, others may have a more
noticeable effect on the relativities. These
limitations can be considered in future studies
with adequate resources and schedule. In the
absence of such an effort to quantify these
sensitivities, individual users may want to
perform additional analyses to expand the set of
features and parameters considered in this
study.”

Other features, such as variations in
percent glazing, were treated somewhat in Lhe
modeled buildings but were not analyzed as
separate classification variables.

Actunarial Judgments. The relativities
computed herein do not include any “actuarial”
types of adjustments. For example, the quality
of the rating data obtained [rom either the
building owner or through an inspection has not
been considered.

Individual Building Rating. The scope
of this study has focused on specific wind loss
mitigation features and relativities on a
building-by-building basis. Such relativities,
when applied, attempt to capture differences in
loss costs for buildings with/without specific
wind mitigation features. These relativities wifl
ohviously affect insurance rates on a building-
by-building basis. However, these relativities
are separate from an overall rate increase/
decrease across a book of business.
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Separate Loss Relativities for Building
and Units. The loss relativity tables presented
in this study are based on the total loss costs
(building, contents and ALE), without
considering possible loss allocation to different
owners, This simplified method is practical for
this initial study.

As discussed in Section 2, a multifamily
residential building and the contents have
multiple interest and distinct insurance policies.
Each party has its own responsibilities. For
example, the condominium association is
responsible for a building’s structural, exterior,
electrical and mechanical components and/or
common areas in the building {(such as
commidors and lobby). Unit owners are
responsible for contents, loss of use, and may
be responsible for the interior finishes of their
units. Since different owners are typically
insured under different policies, the approach
should be to produce separate loss relativities
for condominium association, condominium
owner, building owner and tenant. Depending
on a building’s configuration, the difference in
loss relativity for different owners can be
significant. For example, the loss costs for
condominium owner or tenant are generally
more sensitive to the wind resistive features on
a building than those of condomintum
association or buildmg owner. Moreover,
location of the unit within the building is also
an important quantifier, particularly for Group
II and III Buildings. Therefore, additional work
is needed to develop relativities for the
different interests in multifamily buildings. The
results herein provide a basic first step for these
types of occupancies within the available
resources and schedule.

Need for Building Stock Distribution.
This study has not developed data on the
building stock distribution of wind resistive
features for condominium and tenant buildings.
Such a data development effort would have
some useful benefits to the state. A public
domain source of the frequency of building

types and wind resistive features would provide
a benchmark to gauge average rating factors
that may be estimated by individual insurers. In
addition, we would be able to evaluate
additional types of construction practices (other
than those considered herein) for Group il and
[II Buildings. The vulnerability of Florida’s
multifamily building stock could also be
estimated based on the developed building
stock distribution. Building code issues would
also be identified.

Vuinerability of Roof Edge Systems to
Wind Damage — Existing and New. Roof edge
systems generally include parapet wall copings,
gravel stops, edge fascias and other roof edge
termination assemblies, as well as flashings.
They are used normally to provide wind/water
tightmess and aesthetic appearance along the
roof perimeter of buildings, particularly
buildings with flat or low-slope roofs, often in
connection with roof membranes. Post-
hurricane surveys have shown repeatedly that
failure of roof edge systems is one of the most
common phenomena among building envelope
components or assemblies. This has heen the
case even for weak hurricanes. The failure
modes are generally buckling and/or peeling
off from fasteners under wind uplift loads. The
failure of a roof edge system often causes roof
membranes being lifted off the roof structure
that the roof edge system is designed to protect.
This in turn produces damages to other building
assemblies and contents due to rainwater
infiltration.

Designs of roof edge systems have used
the same edge-zone wind uplift design loads as
those specified in building codes or standards
for other roof components or assemblies that
normally have larger tributary areas (or
“effective wind areas” as termed in ASCE 7-
98). The effective wind areas associated with
roof edge systems ate inherently very small due
to their narrow strip configurations, and their
uplift loads are very high owing to their
proximity to the roof edge and comer.
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Development of an improved roof edge loads
standard for the FBC would pay enormous
benefits at low costs.

Failure of Rooftop Equipment. The
failure of heating, ventilating, air conditioning
and other roof-top equipment often occurs in
strong wind storms. Not only is the equipment
damaged, but occasionally holes in the building
envelope are created which allow water entry to
interior spaces. This study did not examine this
failure mechanism. The FBC now requires all
equipment exposed to wind loads to meet the
same wind pressure and missile impact
standards referenced in Chapter 16 of the FBC.
However, this requirement does not appear in.
early versions of the SBC. The scope of this
study should be extended to develop a relativity
modification for roof top equipment anchorage.

Modeling of Missile Environment. This
stuady made the assumption that the large
missile protection standard was used uniformly
on all glazed openings regardless of height. We
also used a missile model based on large
missiles typical of residential or light
commercial areas. However the FBC only
requires missile protection in the lower 60 feet
with large missile protection devices. Follow-
up studies that examine the risk due to gravel
missiles, and the associated small rissile
impact standard are a needed sensitivity
analysis.

Additional Hurricane Damage Data. 1t
is recommended that a public domain study be
performed on analyzing damage and loss of a
sample of Group I, II, and III Buildings after
each Category 3 and higher storm that makes
landfall in Florida. Data needs to be collected
for each storm on several hundred randomly
selected buildings that document the
construction features and physical damage of
cach building. When available, the loss claims
would be obtained for both building owners
and unit owner/renter to individually document
the losses for all interests {with insurance
company name deleted). With proper analysis

of building orientation (important for individual
storms) and actual surrounding terrain,
validation of loss relativities could be
developed.

By repeating this process for several
Category 3 or higher hurmicanes, improved
measures of loss relativity for new and existing
construction can be  developed and
demonstrated. Improvements to the building
code and code enforcement may be identified.
Because of thc nonlinear nature of loss, the
many building specific variables involved, and
real terrain variations, simplistic efforts that
look at a single storm are doomed to give
incomplete if not misleading results without an
associated analysis effort of building loads,
resistances, and physical damage.

Cost-Benefit Analysis of Possible
Improvements to the Florida Building Code.
The Florida Building Code generally provides
for much improved building design and
construction in the State. It has certain wind
mitigation features at a very modest cost
increase. These improvements will reduce
future losses in hurricanes., There are several
additional areas where code improvements may
have large benefits at modest cost impacts.
These include: secondary water resistance;
wind-borne debris protection for Group II and
1T buildings, reviewing the partially enclosed
optton; further improvements to roof coverings
and roof edge attachnients; improved wind load
characterization in tall tree environments; and
quantifying tree fall risk, damage, and loss to
buildings.
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APPENDIX A: WIND RESISTIVE FEATURES AND LOSS ANALYSIS

A.l1  Introduction
This appendix includes three main
sections. Section A.2 presents general

definitions of the wind resistive features used in
the development of the loss relativities for
construction in Sections 3 and 4. Section A.3
describes the design work  that has been
completed on the sample buildings in this study
under various building codes, as they relate to
the wind resistance of the building. Section A.4
discusses how the computer mns were
performed and the results integrated to produce
the final relativity tables in Sections 3 and 4, [t
also presents the basic relativity results from
our damage/loss simulations and the imethods
that have been used to simplify the final tables
to those that appear in Sections 3 and 4.

A.2  Modeled Wind-Resistive Rating

Variables

This section generally defines the wind
resistive features used in the modeled
buildings. This information is intended to
provide only general puidelines that can be
used by insurers to develop more detailed
definitions and procedures for their individual
filings.

These variables apply to all three
Groups of building types as defined in
Section 2.4.2. For Group I buildings which are
only “marginally engineered”, a selection of
typical values for the key physical parameters
have been selected for modeling. For Group II
and III buildings, which have traditionally
received design attention, some of the key
variables of the simulation have been
determined via design calculations, and thus the
relativity tables are presented in terms of wind
load design parameters instead of unique
physical parameters.

The following sections are the key
variables used in the model building
simulations.  Refer to Section A3 for a
discussion of rating by design parameters

A.2.1 Building Height

Because of the differences described in
Section 2.4.2, the building height has been used
as separate rating variable in these studies.
Results are presented by building Groups I
through III.

A2.2 Roof Covering

The most common roof covering for
sloped roofs in Florida are composition
shingles and tiles. Other roof covering
materials used for residential construction
include built-up, metal, slate, wood shakes, and
single ply membranes. Built-up and single ply
membranes are the most common roof covers
on flat roofed Groups II and III residential
buildings. A key factor in roof covering
performance is the method of attachment of the
roof covering to the roof deck.

The Florida Building Code 2001
(Section 1504) has matenal requirements and
attachment specifications that are superior to
common roof covering building practices in the
past. For composition shingles, these
requirements include improved self-seal strips
and compliance with ASTM D-3161 (Modified
for 110 mph). This requirement is commonly
referred to as the “110 mph™ rated shingle.

The roof covering specifications of the
1994 SFBC also require improved attachment
methods and testing to a similar protocol.
Therefore, these roof coverings are considered
to be sufficiently similar to FBC roof coverings
to be classified in the “FBC Equivalent”
category in Table 3-1.
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The rating of roof covering for existing
construction can be achieved by requiring the
roofing contractor to certify that a prior
ingtallation met the 1994 SFBC or the FBC
2001 requirements. Otherwise, the current roof
covering should be rated as non-FBC
equivalent. Insurers should remind owners of
existing buildings that when they recover their
roofs they need to have the contractor certify
that the installation meets the FBC 2001,
Chapter 15 requirements in order to receive the
new roof covering credit.

A.2.3 Secondary Water Resistance

Secondary water resistance (SWR) is a
layer of protection that protects the building if
the roof covering fails. SWR was included in
the FWUA class plan because of its cost-
effectiveness as a mitigation technique. SWR
can be applied to wood and metal roof decks
for new construction and re-roofing of existing
construction.

This mitigation technique is aimed at
keeping rain water out of the building once the
roof covering fails. Roof coverings often begin
to peel off in peak wind gusts ranging from
about 70 to 100 wph. Water enters through the
space between sections of the wood decks and
through the joints of the metal decks. SWR
covers these seams and provides for redundant
water proofing of the building.

Woeod Roof Decks. The most
economical way to achieve SWR is to apply
Self-Adhering Modified Bitumen Tape to the
plywood joints. This self-adhering tape is
generically known as Ice & Water Shield or
Peel N Seal and is a rubber-like product applied
directly to a roof deck to prevent damage from
ice dams in northeru c¢limates. Here, the
product is applied to the outside of a clean
plywood/OSB deck prior to application of
regular underlayments and roof covering. The

most economical use of this product is to use 6”
widths as shown in Fig. A-1. This is done when
a new roof covering is being put on the
building.

Another way to achieve SWR for wood
decks is through a foamed polyurethane
structural adhesive applied from inside the attic
to cover the joints between all plywood sheets.
Figure A-2 shows this product installed in an
attic. Note that this product is also used to
reinforce the connection between trusses and
roof sheathing, qualifying for improved roof
deck attachment. Structural adhesives that meet
AFG-01 should not be confused with foamed
insulating products.

The verification of SWR must be done
at the time of application since, once covered, it
is difficult to verify. The foamed structural
adhesive applied from inside the attic, however,
is readily verified with an attic inspection.
Roofing contractors should complete a form to
provide certification for the owner in order to
receive this credit. Education of contractors is
needed since the sealing of the plywood joints
is a relatively new concept. If not carefully
communicated, roofing contractors may
incorrectly assume that the underlayment or
hot-mopped felts are SWR. These standard
roofing applications do not qualify for SWR
because they may be blown off the roof deck at
high wind speeds. In contrast, off-the-shelf
self-adhering bitumen tape has been tested to
negative pressures of over 150 psf without
failure of the SWR strips.

Metal Roof Decks. The concept of
SWR can be applied to metal roof decks as
well, provided that tar is used to cover any
perforations in the deck associated with
mechanical attachments of the deck to the
underlying joist structure.
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stud. The metal does not wrap around
the top of the rafter/truss, and the clip is
only located on one side of the
connection. The approximate design
capacity of this type of strap is in the
order of 400-500 1bs uplift. The
approximate design uplift capacity for
two clips is 800 lbs. A diamond is a
piece of metal that has a slot in the
middle to accept the rafler, and nails to
the outside edge of the top plate. It has a
design uplift capacity of approximately
500 Ibs.

o Straps: Wrap 1 Side and Wrap 2
Side: The wrap style straps are
attached to the side and/or bottom of the
top plate and are nailed to the
rafter/truss. Straps that are wrapped on
both sides have double the capacity of a
single strap.

Verification of the type of roof-wall
connector requires an mspection for accurate
building ratings.

Metal Frame. For buildings with steel
roofs, the roof is usually constructed using
open web steel joists, with a welded connection
to the wall frame. These connections are
designed according to the applicable building
code for year built. Hence, the classification for
metal frame buildings is based on year built.

Concrete Frame. The roof-to-wall
connections for concrete deck and frame are
designed according to ACI 318. These
buildings generally do not ever fail under wind
loading. The differences in relativities for
reinforced concrete buildings is due to the
design loads for the openings and the type of
roof cover.

A.2.5 Roof Deck Material and Attachment

The performance of the roof deck is of
critical importance in keeping hurricane losses
to a minimum, It usually only takes the loss of

a small portion of the roof deck before the
losses for the building become substantial. Rain
enters the building and produces water damage
to the interior and contents.

A.2.5.1 Wood Decks

Roof decks for residential occupancies
in single family buildings and buildings with 1-
4 units are typically constructed with plywood,
OSB, dimensional lumber, tongue and groove
boards, or batfen,

The most common roof deck types are
plywood and Orientcd Strand Board (OSB)
decks. Prior to the availability of plywood, the
inost common roof decking material was
dimensional lumber or tongue and groove
(T&G) board. Dimensional lumber or T&G are
usually 4” to 8” wide boards that are nominally
1"  thick (%" actual thickness) and
are laid in a fashion that is parallel to the ridge
or diagonal to the ridge. These roof decks are
fastened by at least two nails per truss/rafter
connection. Because of the inherently large
number of nails in dimensional lumber or
T&G, the uplift capacity is generally far greater
than typical plywood/OSB decks.

By far the most important feature of
roof decks is the attachment to the framing,
which is usually achieved by nail fasteners.
Nail size, type, spacing, and penetration depth
into the truss or rafters determines the uplift
resistance of the deck. The difference in uplift
capacity of 8d (24"} nails at a typical nail
spacing and 6d (2”) nails at the same spacing is
a factor of about two times stronger, which
makes a significant difference in deck
performance in hurricanes.

The thickness of the deck material is
important primarily in the determination of the
penetration depth of the nail into the
truss/rafter. Prescriptive building codes specify
longer nails for thicker decks (see Table A-2).
Thicker decks have an added advantiage of
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Table A-2. Nailing Patterns from Standard Building Code

Typical Roof Sheathing Nailing Pattern — Non-High Wind Zones (SBC 1997)

Thickness of Sheathing Attachment Size Edge Spacing | Field Spacing
%" ot less 6d nails 6” 127
19/32” and up 8d nails 6" 127
Typical Roof Sheathing Nailing Pattern - High Wind Zones (SSTD 10-93)

Thickness of Sheathing Attachment Size Edge Spacing* | Ficld Spacing
15/32" and up 8d common nails 6" 6”

* At gable ends, sheathing nails should be installed at 4” on center.

adding additional weight to the roof, which
helps to resist whole roof failures. However,
thicker decks by themselves do not make a
notable difference for deck attachment failures
as local pressurcs govern these. The effect of
deck thickness is therefore relatively minor and
has not been analyzed in this study.

For existing construction, the only
practical way to determine deck type and
fastener type and spacing is by a trained
inspector going into the attic.

We have analyzed roof deck

attachments for the following cases:

Level A. Plywood/OSB nailed with 6 penny
common nails at 6” spacing on the
edge and 127 in the field on 24" truss
spacing. This provides for a mean
uplift resistance of 55 1bs per square
foot.

Level B. Plywood/OSB nailed with 8 pemnny
common nails at 6” spacing on the
edge and 12” in the field on 24” truss
spacing. This provides for a mean
uplift resistance of 103 Ibs per square

foot.

Level C. Plywood/OSB nailed with & penny
common nails at 6” spacing on the
edge and 6” in the field on 24” truss
spacing, Within 4° of a gable end the
nail spacing is 4”. This provides for a
mean uplift resistance of 182 lbs

per square foot for non-gable end
locations and 219 lbs per sq foot for
gable end locations.

The panel uplilt resistances given above
are based on a combination of experimental
data obtained from individual nail withdrawal
tests and laboratory uplift tests performed using
full sizes (4 by 8') sheets of plywood and OSB.
Note that the uplift resistance of a panel is
dependent upon the species of wood of the
underlying truss or rafters and the moisture
content of lhe wood. Decks attached with
screws and or adhesives should be rated
according to the equivalent uplift resistance of
these attachinents using the categories above.

Based on the RCMP and FWUA
inspections in Florida, more than about 60% of
the existing Group 1 roof deck/attachments will
be superior to Level A (6d nails at 67/12”
spacing).

There are many technical issues that
affect the proper rating of the roof deck,
including a great vartety of available nail sizes,
nail penetration depths, the consideration of
missed nails, etc. Proper inspection guidelines
and training are essential to determining the
deck attachment of existing buildings (see
Fig. A-5). Without proper training/retraining,
roof deck attachment ratings will likely have
significant classification errors, possibly greater
than 30%.

Batten deck is a systemn where boards
are laid perpendicular to the rafters and spaced
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field. These cases were designed according to
various wind speeds that are valid for the
design era considered.

Metal deck is typically made from cold
forming structural grade sheet steei that shall
conform to ASTM Designations A611 Grade
C, D, or E (for painted deck) or A653 Grade
33, 40, 50 or 80 (for galvanized deck) (USD,
1997). The minimum vield strength of the steel
is 33 ksi. The metal deck can be categorized
into 4 types (i.e., A, B, F, and N) according to
different profiles of the ribs. Standard deck
width varies from 127 to 36” with an
incremental of 6” (the length may vary
depending on the spacing of bar joists or
purlins). Typical thickness of the metal deck is
16, 18, 20, and 22 gage.

The metal decks are typically attached
to the building frame with arc puddle welds,
self-drilling screws, and powder-actuated ‘or
pneumatically driven pins. Sheet to sheet
fastening is done with screws, button punching
(crimping), or welds. The deck is typically end-
lapped a minimum of 2” and shall occur over
supports. The minimum end bearing is 1-1/2".

In this study, screw type of fastener has
been assumed. Screws are typically #12s or %-
in diameter when fastening the roof deck to
structural members. Sheet to sheet connections
(also known as stitch connections) typically use
self drilling #8 to Yi~in diameter. Screws are
assumed to be valley-fixed.

A.2.6 Roof Shape

Roof shape refers to the geometry of the
roof and not the type of roof covering. There
are many common roof shapes in residential
construction. Gable, hip, and flat are the most
common for Group I buildings. Dutch hip,
gambrel, mono slope, and many shape
combinations are possible for these structures.
Gable roofs have vertical walls that extend all
the way to the top of the inverted V, and are
very common throughout Florida. A hip roof

has sloping ends and sloping sides down to the
roof eaves line. Predominant roof shapes vary
by region within the state,

The Groups II and III buildings have
been modeled with flat roofs. Flat roof shapes
dominate the construction for these types of
buildings. Parapets and other geometrical
variations on flat roof buildings have not been
considered.

This study has not attempted to quantify
the effects of complex roof shapes, including
architectural gables, combination shapes, etc.

Insurance classification procedures for
roof shapes are best developed with many
example photos and supporting discussion/rules
to ensure accurate ratings, Because the relabve
difference in hurricane losses for roof shape is
significant, roof shape ratings should be done
as accurately as possible.

A.2.7 Openings

Openimgs in the wall and roof include
windows, doors, sliding glass doors, skylights,
and garage doors, Gable end vents and other
roof vents are not considered openings for
purposes of this study. Openings are vulnerable
to wind-borne debris impacts in hurricanes and
other windstorms. Typical single and double
strength glazing are easily broken by impact
from lightweight debris that is generated from
roof covering failures during high winds. In
addition, heavier debris, such as roof tiles, 2”
by 4” wood members, and plywood will easily
penetrate openings that are not protected by
impact resistant products.

The protection of openings is perhaps
the greatest single loss mitigation strategy for a
building. The reason for this is that once a
window or door fails, the pressure inside of the
structure increases due to the breach in the
building envelope. The positive pressure inside
of the building produces an additive load on the
building envelope. The increase in load can be
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up to twice the loads the building experiences
without a breach of the envelope. This
approximate doubling of the load can easily put
the roof, other windows, doors, in an overtoad
situation. The result is often additional failures
that occur after the original opening fails. This
type of failure sequence has become a well-
documented phenomenon in the wind
engineering literature since the 1970s.
Unfortunately, the protection of openings for
debris impact has only recently made it into
certain design standards and building codes.
Hence, many buildings remain vulnerable to
debris impact failures of unprotected openings.

The first building code to adopt
protection requirements in the United States
was the South Florida Building Code in 1994.
The testing protocol in this code requires the
protection device to withstand impacts by 2 by
4 studs followed by pressure cycle loading. The
Standard Building Code’s SSTD-12 has similar
reqnirements. In 1999, the ASTM also came
out with a debris impact standard (E 1996} and

test (E 1886). These standards include
requirements for both wind pressure and debris
impact.  Opening  protection  products

manufactured before 1994 would not have been
tested to these standards. Figure A-6 shows an
example of opening protection with the Miami-
Dade County sticker showing product
compliance with test standards.

There are many untested opening
protection products that bave been installed in
Florida both prior to and after the development
of the impact/pressure cycling standards. In
general, these products provide some protection
for pressure and missile impact, but there is no
practical way to quantify all the possible
variations in debris impact and pressure cycling
resistance. The FWUA class plan has an
“Ordinary” protection level based on ASCE
7-88 wind pressure design that provides an
intermediate level of protection between the
Miami-Dade standard and no opening

protection, This protection level was not
simulated in this study.

In the case of the Group II and III
buildings, all windows were protected to the
same level (all with the FBC large missile
protection) with the assumption being that
uniformity in the appearance of a shuttered
building would require that the windows above
30 ft be protected to the same level as windows
below 30 ft,

A.2.8 Wall Construction

The most common two types of wall
construction used for Group 1 buildings are
wood frame, masonry, and combinations of the
two. The different construction materials are
important for fire resistance considerations, but
are less important for wind resistance. Masonry
walls are further distinguished by whether or
not there is steel reinforcing to carry vertical
and horizontal loads.

Frame construction is composed of a
stick frame made from wood or metal studs and
is often sheathed with plywood or Oriented
Strand Board (OSB} upon which an exterior
finish is installed.

Masonry construction is built from
Poured Concrete, Insulated Concrete Forms
(ICF) or Concrete Block Masonry Units
(CMU’s} which may be left unfinished,
stuccoed, or have a veneer system hung from
the masonry units.

Reinforced Masonry construction has exterior
walls constructed of masonry materials that are
reinforced with both vertical and horizontal
steel reinforcement and are relied upon for
structural stability. It is important that the
vertical reinforcement is fully grouted in the
hollow cells of CMU, and that horizontal
reinforcement be fully grouted in specially
formed units. Tili-up or poured concrete wali
units will be reinforced with reinforcing steel
both vertically and horizontally.
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Figure A-7. Typical Foundation Types in Group I Residential Construction (adapted from Residential
Structural Design Guide, 2000 Edition, US. Dept of Housing and Urban Development,
March 2000)
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posts/piers depending on the height of the
post/pier compared to its width. There may also
be bracing or in-filled masonry walls between
the posts and piers to resist lateral loads. Note
that pile foundations are typically much deeper
than post/pier foundations.

Inspections of foundation attachments
are not practical for common slab-on-grade
construction. Inspections of stem wall
foundations require access through a crawl
space. Because of these issues and the fact that
foundation failures are very rare for hurricane
winds (and, if they do occur, the building is
usually significantly damaged from other
failures), we have classified foundations into:

I. Restrained: Foundations are assumed to
have sufficient horizontal and vertical
restraining forces unless classified as
unrestrained.

2, Unrestrained: Buildings on posts, piles,
or concrete blocks that rely solely on
gravity and friction forces for resistance
10 uplift and lateral loads.

The previous study of single-family houses
evaluated these two general classes of
foundations for two failure modes — sliding of
the building off the foundation and overturning
of the entire building (i.e., the wind lifis the
building up off the foundation).

Almost all site-built buildings will
qualify as restrained. Building codes and
inspections of buildings confirm that there is
almost always an attachment mechanism that
provides suitable uplift and lateral resistance,
especially when the building weight is also
considered.

A.2.10 Terrain

Temrain and the built environment
significantly influence the pressure loads and
debris impact loads on a building. The comrect
modeling of terrain (as defined by the
aerodynamic roughness length, z,) is one of

critical importance in the prediction of wind
loads, wind damage and, hence, wind loss. The
surface roughness length, z,, is a function of the
density and height of the objects on the ground,
including the buildings themselves and
vegetation (i.e., trees). In areas of moderate to
heavy tree density, the effect of the trees on the
wind speeds near the ground can be as
important as the surrounding building
characteristics. An awareness of the importance
of trees in the estimation of the surface
roughness has prompted a change in the new
wind loading provisions in the United States
(ASCE 7-98), which now provides a
methodology for the building designer to
estimate the surface roughness taking into
account the effect of trees.

The wind-bome debris environment
depends on the location and type of adjacent
buildings. Most residences are in suburban
terrain with other low-rise structures. Buildings
facing open fields and water are exposed to
higher wind speeds and have higher pressures.
In South Florida, the trees are shorter than
those in North Florida and the surface
roughness is correspondingly different.

Terrain is treated as a rating variable in
this study for existing construction in the
following manner:

1. Terrain Category B (Infand):  All
existing buildings not on a barrier island
nor within 1500 ft of the mean coastal
high water line.

2. Terrain Category C (Coastal): All
existing buildings on a barrier island or
within 1500 ft of the mean coastal high
water line.

This classification basically follows the terrain
exposure categories specified in the Florida
Building Code (Section 1606.1.8) for new
construction, While this is a simplified
representation, it serves to capture the
significant difference in loss costs and loss
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costs” relativitics for buildings situated in
highly vulnerable coastal locations.

A3  Wind-Resistive Rating Variables for
Designed Buildings
When compared (o the Standard

Building Code, the number of unique wind
design cases in FBC increases as designers
consider terrain, WBDR, and internal pressure,
The following sections describe these new
features and how they affect the wind load
calculations in FBC. The design techniques
described here apply to each of the three
building groups in this study.

ARA has performed design calculations
for wind loads on various components of each
of the three building groups in this study.
Design calculations were done for three eras of
building codes. The following sections show
how certain key components vary with each
design combination of wind speed, exposure,
and internal pressure assumptions.

For Group I buildings, the following
items that affect relativities were examined:

¢ Wood Roof Deck Nailing Pattern on
Flat Roof

e Wood Roof Deck Nailing Pattern on
Gable Roof

e Wood Truss Roof Wall Tie Down on
Flat Roof

s Wood Truss Roof Wall Tie Down on
Gable Roof

&  Window and Door Design Pressure

For Group II buildings:

e Roof Deck Nailing Pattern on Flat
Wood Deck

o Roof Wall Tie Down of Wood Truss on
Flat Roof

¢ Window and Door Design Pressure
e Metal Deck design

= Metal Joist Design

For Group III buildings:
® Metal Deck design
e Metal Joist Design

»  Window and Door Design Pressure

A.3.1 Evolution of Wind Loading in

Previous Building Codes

ARA has researched wvarious items
related to wind resistance from the Standard
Building Code series from 1946 to the present
version of the code. The research has indicated
that there are four basic eras of building codes
to consider for wind resistance in the case of
Florida. Those eras are from;

A. 1946 to 1976,
B. 1976 to 1982
C. 1982 t0 2001
D. 2001 onward (FBC)

We have prepared design calculations for the
last three major wind design eras, represented
by the versions of the SBC in 1976 for era B,
SBC 1988 for era C, and the FBC forera D,

From 1946 until 1976, wind loads were
given very little attention in the building codes.
The wall wind load was specified as a function
of height alone. It was increased if the building
was near the coast, and the roof load was
generally a fixed ratio of 1.25 times the wall
wind load at the same height. There was no
wind speed 1nap, so the wind loads were the
same regardless of where the building was
located. Buildings from this era are treated in
this study in two different ways depending on
the building height class. The Group I building
runs are based on a range of physical
parameters that will cover the range of the
construction details for this era. The Group If
and 111 designs are considered to be the same as
the designs produced by the 1976 building code
because the wind load calculations from the
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1976 era essentially result in a set of minimal
fastening details.

In 1976, the SBC introduced a wind
speed map, recognized that wind pressure is a
function of wind speed and height, and adopted
the use of shape factors to apply different loads
to different shapes of structures and different
parts of structures. There was some
acknowledgement of the difference in loading
primary members versus the structural frame.
This concept is the precursor to today’s
concepts of Components & Cladding and Main
Wind Force Resisting loading pattems.

In 1982, a key change in the wind load
standards occurred in the recognition of the
difference in wind loads on low-rise versus
high-rise buildings was manifested in the
adoption of separate loading patterns and
coefficients for low rise buildings. This was the
time when the SBC adopted the Main Wind
Force Resisting Systems (MWFRS) and
Components & Cladding (C&C) techniques of
today’s codes. In addition the decreasing
correlation of wind loads with increasing area
was adopted through the Components and
Claddings graphs. Edge zones on roofs and
walls recognized that high local pressures and
suctions occurred at windward edges.

Later versions of the SBC have
included additional features to further refine the
loading criteria for different shapes of buildings
such as hip roofs, a more complete range of
roof slopes for C&C and MWFRS loads, and
wind loading coefficients for specific roofing
products.

All of these codes used the Fastest Mile
wind speed until the adoption of the FBC,
which has converted to the 3-second gust wind
speed.

In 1994, the Standard Building Code
officially adopted the ASCE 7-88 standard for
high-rise buildings (greater than 60 feet in
height) and dropped the previous provisions for

that class of building height. The ASCE 7-88
wind loads are slightly higher than those found
in SBC up until that point. Even though the
official adoption of the ASCE 7-88 is relatively
late in this era (1982-2001),.in this study, we
have assumed that the majority of Group III
buildings were designed according to ASCE 7-
88. Schedule constraints did not allow an
examination of the differences to be made
between ASCE 7-88 and the high-rise version
of SBC 88. This examination may reveal the
need for an additional era for high-rise
buildings. In the absence of this information,
those buildings that were designed according to
the SBC high-rise provisions during the 1982-
01 era should use the relativities for the 1976-
82 era.

In 2001, Florida has adapted a building
code based on the International Code series
(which is a evolution of the Standard Building
Code, the Uniform Building Code and the
BOCA code) and the South Florida Building
Code.

A.3.1.1 Comparison of Wind Speed Maps in
SBC

Close examination of the wind speed
maps in the SBC76 code versus the SBC88
code (Fig A-B) indicates that there is a wider
range of design wind speeds in the older
version of the building code than the SBCS&8
version. The SBC88 code has contours for 90,
100 and 110 mph (fastest mile} in the state of
Florida, whereas the SBC 76 code has wind
speeds that can range from 80 — 130 mph
(fastest mile). Thus the design tables presented
in this section show only valid design cases
according to each of the code cras. We have
also chosen to present the design results in
Section A.4 by aligning equivalent wind speeds
together - that is, comparing a design for 110
mph fastest mile to a 130 mph 3-second gust
design.
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Figure A-8.
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w_— A.3.1.2 Using Wind Speed and Design

Exposure as Rating Variables for
Group II and 111 Existing
Construction

The loss relativity tables in Section 3
(Tables 3-3 through 3-6) for Group II and
Group 1II buildings include a classification
variable called “Fastest Mile Design Wind
Speed”. These buildings represent structures
that have been designed by a Professional
Engineer. The member sizes and connections
have been dctermined based on engineering
analysis. These  buildings have been
constructed to performance-based criteria as
opposed to prescriptive criteria, which have
generally been wused for existing Groupl
buildings. Because of this fundamental
difference and the difficulty of inspecting for
connection strength using visible means
{without an engineering analysis), a practical
way to classify these types of buildings is by
the design code and era of year built. This
approach was used in this study.

A practical way to determine the
“design wind speed” of existing Group II and
Group I buildings is by using the reference
design wind speed maps of the design standard
in use at the time the building was designed.
Figure A-8 shows the fastest-mile wind speed
contours for Florida for the three existing
construction standards for Groups II and III
buildings considered in this study. With
knowledge of building location and year built,
the user can (by refercnce to these maps) select
the appropriate cell in Tables 3-3 through 3-6.

Note that for Tables 3-5 and 3-6, there
is also a classification column for “Design
Exposure” for the ASCE 7-88 era. This column
refers to the terrain roughness, which is
discussed in Section 2.2 for the new Florida
Building Code. In the ASCE 7-88 document,
Exposure D applies to buildings within 1500
feet of the coast, Exposure C to open terrain,
and Exposure B to urban and suburban areas.
In the absence of obtaining design information
for these older buildings, it seems reasonable to
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assume that Exposure D applies to buildings
built within 1500 feet of the ecoast and
Exposure B applies elsewhere.

A preferred alternative to classifying by
year built (and Design Exposure for Group III
Buildings built after 1983) would be to obtain
the design documents and classify the building
according to the actual design parameters.

A.3.1.3 South Florida Building Code

A final point is that, due to schedule and
resource limitations, we did not analyze Group
I and III buildings built to thc 1994 SFBC as a
separate class. In the absence of such an
analysis, it seems reasonable to classify Group
II buildings built to the 1994 SFBC using the
bottom row in Tables 3-4. That is, the bottom
row comesponds to FBC equivalent roof
covers, hurricane opening protection, and the
highest level of design wind speed considered
in Chapter 3. For Group HI buildings built to
the 1994 SFBC, one could use the bottom row
(Exposure D) in Table 3-6 for locations within
1500 feet of the coastline and the third row
from the bottom (Exposure C, Hurricane
Opening Protection) for all other locations.
Again, if design documents are available, that
is the preferential approach to classify these
buildings.

A.3.2 Design Options Under FBC

The FBC allows a broader range of
design conditions to be used now compared to
previous versions of various building codes.
From an insurance rating perspective, the three
most important changes are the creation of a
Wind Bome Debris Region, a new definition of
“openings” within that region, and the uniform
adoption of terrain types. There are other
changes to the code that affect the designs to a
lesser degree, which will also be discussed. In
order to fully understand the impact of the first
two items, one must be familiar with the
various internal pressure scenarios under the
building code — ie. the difference between
enclosed and partially enclosed designs,

A.3.2.1 Internal Pressure: Enclosed vs,
Partially Enclosed

In designing a building, an engineer
must consider the effect of whether the wind is
able to enter the building and change the
loading pattern on the building components.
Building codes define three conditions. The
first is an “Enclosed” building where the
envelope is completely closed, and only
minimal wind “leaking” around doors,
windows, framing, etc. is allowed to affect the
interior of the building. The second condition is
called an “Open” building such as a stadium
grand stand where wind can freely enter the
inside of the structure.

In between these two conditions is the
third case, which is a “Partially Enclosed”
building, where openings are assumed to exist
in one or more faces of the building. These
openings altow the wind to create pressures or
suctions inside the building. These “internal”
pressures for partially enclosed designs are
typically larger in magnitude than the internal
pressures in an enclosed building. Hence,
partially enclosed designs that are based on
larger internal pressures typically result in
individual parts of the structure being stronger
than if designed to an “enclosed” condition. In
the past, to qualify as a partially enclosed, a
structure had to have a certain ratio of
permanent openings compared to the wall area.
However in the FBC, this criterion has changed
and will be discussed in the following sections.

A.3.2.2 Wind Borne Debris Region

The introduction of a Wind-Borne
Debris Region (WBDR) means that new
buildings in this region must now either have
impact resistant protection on all glazed
openings or be designed for higher wind
pressures as partially enclosed structures. This
change means that a designer must now choose
between designing the structure as either an
enclosed or partially enclosed building. This
region is any area where the wind speeds are
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greater than 120 mph (gust) and the areas
within 1 mile of coast where wind speeds are
greater than 110 mph (gust) except for the
Florida panhandle where the region includes
only areas within 1 mile of the coast regardless
of the wind speeds.

A.3.2.3 The Definition of “Openings” in
WBDR

In the SBCY97, an opening was defined
as: “windows, doors and skylights that are not
designed as components and cladding.” The
implication of this definition is that if a
designer specified the wind load for a window
that must meet components and cladding loads,
then the window is not considered to be an
opening. Based on this definition, the building
does not have to be designed as a partially
enclosed structure even when the windows
have no impact protection.

In contrast, ASCE 7-98 and the FBC
have adopted a different definition of opening
as: “in wind borne debris regions, exterior
glazing shall be assumed open unless impact
resistant or shuttered.” This change in opening
definition means that for those buildings in the
wind borne debris region — the structure must
have some form of impact protection for all
glazed openings, or alternatively be designed as
a partially-enclosed structure (to withstand
higher wind pressures that occur when an
“opening” occurs in the exterior of the
building). Designing for the partially enclosed
condition means that all design pressures are
increased as a resuflt of potentially higher
internal pressure loads that the structure may
experience. This includes loads on the roof
deck, roof trusses, windows and doors, as well
as all other parts of the structure.

However, the openings (windows,
doors, etc,) in partially enclosed designs are
vulnerable to wind-borne debris impact failures
and the resulting wind and rainwater damage to
the building interior and contents. Determining
which condition is appropriate for a given

building depends on the number and size of the
openings in a building.

For taller buildings, the FBC requires
that all glazed openings with height less than
30 ft meet the Large Missile Impact test of the
FBC, which consists of firing a 2x4 at the
product. For openings within the 30 to 60 ft
height range, the openings shall meet the
provisions of the Small Missile Test, which
consists of firing 30 steel balls at the product.
No impact protection is required at heights
greater than 60 ft. Note that in the HVHZ,
small missile impact protection is required
everywhere above 30 ft, including heights
greater than 60 ft.

For insurance rating purposes, clearly
the design option chosen for a building in the
Wind-Bome Debrs Region of the FBC (see
Section 2.2} is a key factor in hurricane loss
mitigation. Enclosed designs in the Wind-
Borne Debris Region will have all glazed
openings protected for debris impact. These
buildings will perform better than partially
enclosed designs and will have lower losses.

In the FBC opening definition, strictly
speaking, doors without glazing escape the
impact rating requirements because the
definition of openings is phrased in tering of
“glazed” openings. The FBC definition of
glazed openings is assumed to mean any door
or window containing glass. Thus, garage doors
and entrance doors without windows only have
to meet wind pressure requirements in the wind
bome debris region; they do not have to meet
any of the referenced impact standards. The
current rules for opening protection credits
used by many insurance companies, such as
FWUA, require all windows and doors to be
protected. Thus, buildings designed strictly to
the FBC enclosed scenario will require a new
class that corresponds to protection of only
glazed openings.

! In the HVHZ, all openings must be protected (see
Section 1626 of FBC 2001).
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A.3.2.4 The Definition of Terrain Exposure

The FBC has adopted a different
definition of Exposure C than the one that
appears in the text of ASCE 7-98. Exposure C
(known as the open country exposure) is
defined in the FBC as Broward and Miami-
Dade counties (HVHZ), barrier islands, and
1500 ft from the coastline in the rest of the
state. All other buildings will be designed for
Exposure B. Hence; the loss relativities for new
construction are computed separately for terrain
exposures B and C since the design loads are
dependent on terrain.

A.3.2.5 Other Changes to Wind Loading in
FBC

Other changes that affect the strength of
building components under wind loads include
a change of how wind speeds are reported, a
change in the load combimations considered
with wind loads, and a change in the load
assumptions for truss tie-downs.

Wind Speed Change. When discussing
wind speeds, it is always important to consider
the time mterval over which the measurement
occurs and the average is taken. Shorter
averaging times yield wind speeds that are
higher than longer averaging times. The
Standard Building Code and ASCE 7-88
measured wind speed according to Fastest
Mile. This was based on old anemometers that
timed how long it took for the anemometer to
spm the equivalent of 1 mile. This method of
collection meant that the time interval for
averaging the wind speed was a function of the
wind speed itself, ranging from a few tens of
seconds at high wind speeds to several minutes
at very low wind speeds. The ASCE 7-95 and
7-98 standards (and by adoption of ASCE 7-98,

* ASCE-7 and wind engineers use the term “Exposure”
to define the earth’s surface roughness for purposes of
prouping this roughness into several distant categories
for wind load estimation. [nsurcrs need to be aware of
this use of the term “Exposure” when reading building
code and wind engincering literature.

the FBC and International code series) have
been converted to a 3-second gust which is the
maximum wind speed with an averaging
mterval of three seconds that occurs during the
storm.

In terms of comparing the designs from
the Standard Building Code and the FBC, one
can consider the change to be analogous to a
change of units. The difference in Florida
between the fastest mile wind speeds and the
3-second gust is nominally 20 mph.,

Load Combinations. There has becn a
change in the design load combinations for the
Allowable Stress Design method specified in
ASCE 7-98 and thus in FBC. Previously, a
designer calculates the wind loads on the
asscmbly and calculates the forces constdering
both the full dead load of the assembly and the
wind loads. In ASCE 7-98, the designer is now
required to consider a design scenario where
the full wind loads and only 60% of the dead
load simultaneously act upon the assembly. The
net result of this change is that connection sizes
may be significantly larger than those
calculated strictly by earlier codes, such as the
Standard Building Code provisions,

Effect of Loading Assumptions in
Truss Strap Design. When designing the roof
straps, a designer is presented two methods of
ealculating the loads on the roof straps under
the SBC and the FBC. One set of loads m the
code is called Components and Cladding
(C&C) loads and these are to be applied to any
cladding or member that receives wind loads
directly from the wind. These loading pressures
take into account the lack of correlation of the
wind gusts over larger and larger areas
gradually. The other set of loads in the code are
called Main Wind Force Resisting System
(MWEFRS) loads and are intended to calculate
the effect of loads acting on several surfaces at
once. Much discussion and debate among
design professionals over which loading set is
appropriate for roof trusses has ensued over the
years.
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The ASCE 7-98 document says that
trusses are to be considered as both C&C
loading and MWFRS loading (see page 243 of
ASCE 7-98 commentary). The commentary
describes the situation where long span trusses
should be designed for MWFRS loads and
individual members of the truss designed for
C&C loads. Unfortunately, the commentary
does not discuss what is appropriate for the
straps holding the truss to the wall, nor does it
define what constitutes a long span truss.
Section 6.5.12.1.3 of the ASCE 7-98 does
indicate a threshold of 700 square fi of tributary
area for considering a component to be
designed with MWFRS loads. From this
threshold, a logical argument could be made
that most trusses are not large enough to
qualify for the MWEFRS loads, and therefore
should be designed for C&C loads, and
subsequently, the strap size chosen to be
consistent with C&C loads. Both the MWFRS
and the C&C loads should be checked, and the
larger of the two chosen. Typically, the C&C
loads are significantly higher than the MWFRS
loads.

The language in Section 1606 of the
SBC is quite vague on which loading set is
appropriate for strap uplift calculations.
However, the prescriptive codes referenced by
the FBC are founded on the SBC97 (or SBC95)
building code, and clearly state that the truss
strap design has been completed with MWERS
loads. Conversations with designers and truss
manufacturers indicate that much of the
industry is conforming to the MWFRS loads.
Therefore, we have evaluated the design
options under the Standard Building Codes
using the MWFRS loads and under the FBC
using C&C loads.

AJ33 Model Parameters Determined via
Design Methods

Each of the buildings built to the new
FBC was considered in the HURLOSS

simulations to be a masonry structure (Group I)
or steel frame (Group II & III) structure with
FBC Equivalent shingle or built up roof covers
and no Secondary Water Resistance.

The following tables show comparisons
of the key model parameters designed
according to the three code eras. An example of
the design calculations for one of the buildings
at 130 mph design wind speed is shown in
Appendix B. These calculations were repeated
for the wind speed/exposure combinations at
each of the 31 points in this study (see
Table 2-2).

A.3.3.1 Wood Deck Nailing Pattern

A wood roof deck has been used on the
Group I flat, gable, and hip roofs and thc
Group II {lat roofs. Note that only the Group II
relativity tables (Table 3-3 and 3-4) are
organized by design parameters, whereas the
Group I tables (Table 3-1 and 3-2) are
organized by physical parameters. The nailing
pattern has been determined based on Zone 2/3
pressures and is applied uniformly across the
entire roof, The withdrawal resistance of a
single fastener is compared to the component
and cladding wind pressure applied over
standard tributary areas. The appropriate
nailing pattern is chosen such that the single
fastener in the field of the roof can withstand
the required design pressure.

In Table A-3, the design calculations
indicate that a minimum nail size of 8d should
be used throughout the state under the FBC.
The nailing pattern for the roof varies from the
standard 67712 pattern in the lower wind speed
zones in the state, to the 6”/6” spacing in the
high wind zoune areas, In all of these designs,
the nailing pattern at the edge of the roof is
assumed to drop to a 4-inch spacing next to the
gable end (if appropriate).
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A.3.3.4 Metal Bar Joists

Most metal bar joist failures occur due
to inadequate uplift resistance capacity at the
roof-wall connection or result from buckling of
the lower chord or lower members of the metal
bar joist. The relatively common uplift failure
modes involve the failure of the weld
connecting the joist to either a steel bearing
plate or a larger steel beam, or the failure of the
un-reinforced masonry wall at the mortar
interface between blocks. Common bending
failure modes include bottom flange buckling,
bottom chord yielding, or web members
yiclding or buckling.

The likely resistance  capacities
associated with these failure mechanisms are
estimated primarily based on design loads
specified in buildmg codes that govern or
prevail within the junsdiction at the time of
construciion, combined with reasonable
randomness expected to result from design,
manufacture, erection and aging processes. The
estimated resistance capacities are presented in
Table A-8 for uplifi reaction at a joist
connection to the wall and Table A-9 for
moment at the mid-span of a joist, which is
presumably the most vulnerable location for a
beam with uniform section.

Table A-8. Resistance Capacity Associated with Uplift Reaction at Metal Joist-to-Wall
Connection Estimated from Design Loads Specified in Various Building Code

Eras (Ibf.)
Wind Speed Wind Sl?eed Terrain Internal Group 1 Group I
(Gust), mph (F“f;:;’“}’ Exposure| Pressure | SBC-76 | SBC-88 FBC SBC-76 |ASCE?7-88| FBC
100 80 B Encloscd -1538 -2174 -2154 -1760 -2818 -3428
100 80 B Part Encl, -2778 -4140
110 a0 B Enclosed -1945 -2752 -2608 -2226 -3566 -4148
Li0 90 B Part Encl. -3362 -5010
120 100 B Enclased -2404 -3398 -3104 -2748 -4404 -4836
120 100 B Part Encl, -4000 -5962
120 100 C Enclosed -2404 -3398 4172 -2748 -6598 -6404
120 100 C Part Encl. -5373 -7736
130 110 B Enclosed -2908 -4114 -3642 -3326 -5328 -5792
130 110 B Part Encl. -4694 -6996
130 110 [ Enclosed -2908 -4110 4896 -3326 -7084 -7516
130 110 C Part Encl. -6310 -9078
140 120 B Enclosed -3460 -4892 -4224 ~3958 -6342 6718
140 120 B Part Encl. -5444 -2114
140 120 C Enelosed -3460 4892 -5678 -3958 9500 -8718
140 120 & Part Encl. -7320 -10528
146 HVHZ Encloscd -5174 5480
150 130 B Encloged -4062 -5740 -4848 -4ad4 -7442 -1712
130 130 B Part Encl. -6250 -9314
150 130 C Enclosed -4062 -5740 -6518 -4644 -11150 -10006
150 130 C Part Encl. -8402 -12086
Note: » Joist spacing equal to 4 i
o Metal joista not used on Group I buildings
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Table A-9. Moment Resistance Capacity Associated with Joist Mid-Span Estimated from
Design Loads Specified in Various Building Codes Eras (Ibf.-ft.)

Wind Speed | Wind Speed | Terrain Internal Group 11 Group ITI
(Gust), mph | (Fast Mile), |Exposure| Pressure SBC-76 SBC-38 FBC SBC-76 | ASCE 7-88 FBC
mph
100 80 B Enclosed -15379.8 -21740.9 -21548.8 -17590.1 -28182.2 -34274.7
100 80 B Part Encl. ~27779.1 -41399.3
110 90 B Encloscd -19465.0 -275158 260753 -22262.5 -35668.2 414724
110 90 B Purt Encl, -33612.7 -50093.1
120 100 B8 Encloged -24030.9 -33570.21 310318 -27484.6 -44034 8 -49355.6
120 100 B Part Encl. -40001.9 -59614.9
120 100 [ Enclosed -24030.9 -33970.2 -41714.9 -27484.6 -65977.6 -64043.4
120 100 C Part Encl. -§3773.1 -77355.7
130 i19 B Enclogsed -29077.3 -41103.9 -36419.2 -33256.4 -53282.1 -57924.3
130 110 B Part Encl. -46946.7 -69964.7
130 110 C Enclosed -29077.3 -41103.9 ~48957.1 -33256.4 -79832.9 -75162.0
130 D C Part Encl. -63108.8 -90785.6
140 120 B Enclosed -34604.4 -48917.0 -42237.7 -39577.8 -63410,1 -67178.5
140 120 B Part Encl. -54447.0 -81142.5
140 120 C Enclosed -34604.4 -48917.0 -56778.6 -38577.8 -95007.7 -87170.1
140 120 C Tart Encl, -73191.2 -1052849.8
146 HVHZ Enclosed -61749.7 -94802.0
150 130 B Enclosed -40612.2 -57409.6 -48487.1 -46449.0 -74418.7 -17118.1
150 130 B Part Enel. -62502.9 -93148.3
150 130 C Enclosed -40612.2 -57409.6 -h5179.6 4644500 -111502.1| -100067.8
150 130 C Part Encl. -R4020.5 -120868.4
Note: » Jaist spacing cqual to 4 1

+ Mdetal joists not used on Group I buildings

A.3.3.5 Window Design Pressure

Window designs are based on the
calculation of the positive and negative wind
loads on each of the openings on the building.
For simplicity, we have assumed that windows
were chosen to exactly match the minimum
design pressures as calculated. In reality, the
window strengths were likely chosen to exceed
these minimum requirements in a way that
minimized the number of different window
types that were ordered. Area reductions in the
design pressure were used where allowed in the
appropriate version of the building code. A
summary of the window design pressures is
shown in Table A-10.

A4 Analysis of Loss Costs Relativities

The HURLOSS model was run in its
individual nisk analysis mode to produce loss
costs for each modeled building. The buildings
were modeled with the wind-resistive features

described previously. Two sets of runs were
made for the two different terrain categories.

For Group 1 existing buildings, a full
combinatorial set of the variables from Table 2-
4 were run. This includes roof covering,
secondary water resistance, roof-to- wall
connection, roof deck attachment, opening
protection level, and roof shape yielding 1152
separate simulations. For Group I new
construction, one of the 21 unique
combinations of wind speed, terrain exposure,
and internal pressure were simulated for each
building at each of the 31 locations around the
state,

Group II and Group Il existing and new
buildings were all designed and therefore the
mode]l parameters were selected based on a
unique combination of wind speed, terrain
exposure (if applicable) and internal pressure
(if applicable). For cach of the 3| locations, the
roof deck, the roof-wall connection, and the
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Group I existing building study so that the
relativity tables would be consistent with each
other.

A comparison of the SBC 76 and
SBC 88 designs for Group I buildings allowed
a rational selection of a base case for the Group
IT and Group III buildings to be made. The
Group I base case was found to roughly
correspond to a SBC 76 design at 110 mpb
(fastest mile). Therefore the reference case for
the Groups IT and III buildings is based on the
SBC 76, 110 mph design.

A4.2 Use of Engineering Judgment Factor

The relativities produced by this process
directly reflect the differences in loss costs for
different construction features on a set of
modeled buildings. Since the loss costs at each
location are normalized by the loss costs of a
“central” building at that same location, the
relativities become multipliers to the insurer’s
estimated base loss costs for each territory.
This normalization on a location-by-location
basis clearly eliminates some of the modeling
differences that depend on the specific
approach.  However, since the modeling
process is not perfect and not all variables have
been considered, a logical judgment factor was
applicd to compress the relativity range
produced from these basic calculations.

A4.3 Simplification of Relativity Tables
for Design Cases

Tables A-11 through A-14 present the
relativities for FBC construction by building
group, and roof deck material. These results
present relevant design options for each of the
locations. For example, no partially enclosed
condition is shown for points in the High
Velocity Hurricane Zone because ali buildings
in this zone must be designed as enclosed
structures with opening protection.

In order to make these results useful, we
have considered ways to reduce the relativity

table lor new construction to a smaller, easicr
to use table. We have examined the results in
search of those variables that have the least
effect on the relativities and aggregated across
the range ol those variables. The first is the
reduction of the number of wind speed zones,
and the second is the combination of the
Enclosed/Partially Enclosed design options
with the opening protection wvariable. This
leaves the following key variables to consider:
the terrain exposure, the wind speed zones, the
roof shape, and the opening protection. The
following paragraphs examine the data from
Table A-11 to determine which variables must
be retained in the simplified version of the new
construction tables and which can be averaged
into the final results.

Extra runs for Table A-11 were
completed that showed the effect of applying
WBDR design options to areas that did not
require these options according to the FBC.
This sensitivity study was completed to more
accurately gauge the effect of partially enclosed
options relative to enclosed options without
opening protection.

A.4.3.1 Hip Roof vs. Gable Roof vs. Flat Roof

Notice that the difference in loss
relativity (Table A-11) between gable and hip
roofs for the Group I buildings is much smaller
than that for single-family residential buildings.
The longer length of these condo buildings
means that the additional framing and straps on
the hip roof are a smaller percentage of the
overall roof structure in these larger buildings.
Thus the beneficial effect of the hip roof is less
pronounced for these types of structures
compared to the single-family rcsidential
buildings.

Flat roof buildings however generally
have slightly higher wind loads than gable
roofs and thus the relativities for flat roofs are
larger than for the equivalent hip or gable roof.
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Table A-11. Average of Relativity for Minimal Designed FBC Group I Buildings at All
Simulated Points with Wood Roof Deck (2% Deductible)

r Relativity — 2% Deductible Non-WBDR {Enclosed)! WBDR {Enclosed)* WBDR (Part. Enclosed)’
No Opening Protection Opcning Protection No Opening Protection
Terrain ‘Wind Speed Gable Gable Gahle
Exposure | (Gust), mph ID Flat Roof Roof  Hip Roof | Flut Roof _ Roef  Hip Roof |Flat Roof  Roef  Hip Roof
B 150 i 0.596 0.536 0.446 8.317 6,296 6292 | 0433 0367 320 .

2 0.605 0.539 0.432 6,318 0392 0,294 0.457 0.384 0328

110 3 0.611 0.528 0.440 0.359 67326 034 | 0432 0365 06,343

4 0.579 0.496 D.418 0.341 0311 D3N | 0402 D346 0.325

5 0.542 0.473 0.391 0333. 0308 0.297 0387 0335 0.317

6 0.631 0.555 0.465 0.369 0.330 0,321 -0.443 0.374 0,347

120 7 0.469 0.390 0.350 ;338 0308 0302 0396 0334 0327,

8 0.372 0.336 0.324 0.446 0.373 0.361

9 0.373 (334 0.324 0.439 0.367 0.353

10 0.368 0.325 0316 0.430 0.356 0.343

11 0.380 0.336 0.326 0.447 0.375 0.359

130 15 0.498 0,409 0.385 0.388 0.339 0.332 0.467 0.361 0.354

16 0.360 0.320 0.315 0428 0.341 0.336

17 0.384 0334 0327 0.459 0355 0.348

140 21 0.390 0.330 0326 0.399 0365 0.259

150 24 0.361 0.338 0335 0.417 0.372 0.367

25 0.358 0.336 0.333 0415 0.368 0.363

c 120 12 0.237 0.202 0.201 £.236 0.217 0.213

13 0.227 0.196 0.197 0224 0.209 0.206

14 0.239 0.204 0.203 0.240 0.220 0.216

130 18 0214 0.201 0.200 0.241 0.214 0.211

19 0.220 0.206 0.206 0.249 0.221 0218

20 0.225 0.208 0.208 0.256 0.225 0221

140 22 0.229 0.206 0.206 0.243 0.227 0.225

23 0.226 0.205 0.205 0.237 0.223 0.221

150 26 0.223 0.212 0212 0.247 0.240 0.237

27 0.241 0.225 0.224 0.273 0.261 0.257
HVHZ 140 28 0.240 0213 0.213
29 0,217 0.199 0.200
146 30 0,228 0.217 0.217
31 0.213 0.206 0.206

Nates | Relatjvities for non-Wind Borne Debris Regions

? Relativitics for Wind Bome Debris Regions with opening protection (shulters or inipact resistant plazing)
 Relativities for Wind Bame Debris Regions whers design based on partially enclosed assumplion with no opening profection.

Shaded area represents cases thal exceed minimum requirements of FRC,

The difference in roof geometry is only
significant on wood deck Group [ buildings.
Table A-12 indicates the difference in
relativities for concrete roofs is insignificant.
For Groups II and III buildings, only flat roofs
were considered in this study, and, thus, roof
shape does not appear in Tables A-13 and
Table A-14.

A.4.3.2 Variation of Resuits with Design
Wind Speed and Exposure

There is a significant difference in
relativity for buildings in Terrain Exposure C
verses Terrain Exposure B. Therefore, the final

tables have been grouped by design exposure.
The relativities from Table A-1l have been
plotted on graphs in Fig. A-9 to show the
variation of the relativities with location/wind
speed. These graphs indicate that the variation
along wind speed contours is quite small and
therefore a simplified version of the minimally
designed new construction relativity tables may
be independent of actual location. One may
also note that the variation between wind speed
regions is really only significant at 100, 110
and = 120 mph levels. Therefore the simplified
tables (presented in Section 4) are reduced to
three wind speed regions.
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Table A-12, Average of Relativity for Minimal Designed FBC Group I Buildings at All
Simulated Points with Concrete Roof Deck (2% Deductible)

Non-WEDR WBDR WBDR
Relativity - 2% Deductible (Enclosed)! (Enclosed)* (Part. Enclosed)®
No Opening Protection Opening Protection No Opening Protection
Terrain | Wind Speed Flat Gable Gable Gahle
Exposure | (Gust), mph 1D Roof Roof Hip Roof|Fiat Roof Roof Hip Roof|Flat Roof Reof Hip Roof
B 100 1 0.282 0.289 0.283
2 0.303 0.319 0.300
110 3 0.382 0379 0359
4 0.362 0.361 0.343
5 0.341 0,342 0,322
§ 0.389 0.387 0.366
120 7 0.321 0.305 0.296
8 0.271 0,273 0.271 0.297 0.299 0.295
g 0.270 0.271 0.270 0.291 0252 0.287
10 0,267 0.267 0.266 0.284 0.287 0.283
11 0.271 0.272 0.270 0.295 0.297 0.292
130 15 0.336 0323 0.315 0.271 0.273 0.271 0.296 0.30t 0,297
16 0.264 0.266 0.265 0.281 Q0.286 0.284
17 0.269 0.270 0.269 0.290 0.294 0.291
140 21 0.270 0.272 0.271 0.296 0.302 0.299
150 24 0.273 0.276 0.274 0.304 0.311 0.307
25 0.271 0274 0.273 0.302 0.308 0.305
C 120 12 0.164 0.164 0.164 0,177 0.177 0.174
13 0.162 0,162 0,162 0.171 0.170 0.169
14 Q0.163 0.143 0,163 0.177 0.177 0.174
130 18 0163 0163 0162 | 0172 0174 0172
19 0.164 0.164 0.163 0,176 0.178 0.175
20 0.165 0.165 0.155 0.178 0.180 0.177
140 22 0.165 0.164 0163 | 0182 0185 0182
23 0.163 0162 0162 | 0.177 0180  0.177
150 26 0.163 0.163 0.163 0.188 0.192 0.188
27 0.168 0.167 0.166 0.203 0.208 0.203
HVHZ 140 28 0162 0162  0.162
29 0.159 0,160 G.160
146 30 0,162 0,163 0.162
31 0.160 0.161 0.160

Relativities for non-Wind Borne Debris Regions

f Relativities for Wind Borne Debris Regions with opening protection (shutters or impact resistant glazing)
* Relativities for Wind Borne Debris Regions where desipn based on partially enclosed assumption with no opening protection,

A.4.3.3 Partially Enclosed vs. Enclosed (No
Shutters)

The results in Table A-11 indicate that
the partially enclosed design case is not as
effective at reducing losses as the enclosed
design case. Although the partially enclosed
case has stronger components, it still does not

address the issue of protecting the openings on
the building. Figure A-10 shows the damage
curves for the Partially Enclosed, the Enclosed
with no opening protection, and the Enclosed
with opening protection versions of one of the
Group I buildings in Niceville, Exposure B
(Point 15). The difference between the
simulations is in the roof-wall connection, and
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Table A-13. Average of Relativity for Minimal Designed FBC Group II Buildings at All

Simulated Points (2% Deductible)

Relativity - 2% . Wood Deck - Metal Deck , . Concrete Deck
Deductible WBDR WBDR WEBDR WEBDR WBDR WEBDR
. Wind Na No Ne  Openin Ne No . No
E'I;;r::::c Speed | TD Openin§ g]!:) [:‘.lel:::gz O|:le|'1i1'|g3 ()]:iening1 Pll'loi:ecf 0penin% Ol:verlirlgl :,)]E]il:crtlgz Openil:tg3
{GGust) Protect. Protect.” | Protect. Protect.” | Protect, Protect.
B 100 1 0.532 0.602 0.406
2 0.554 0.632 0.419
110 3 0.693 0.742 0.571
4 0.637 0.691 0.521
5 0.618 0.672 0.487
6 0.705 0.766 0.570
120 ¥ 0.521 0.534 0.385
g 0.354 0.441 0.329 0.413 0.196 0.286
G 0.349 0.423 0.317 0.389 0.191 0.264
10 0.362 0.443 0.325 0.406 0.190 0.269
11 0.345 0.417 0314 0.381 0.192 0.262
130 15 0518 0.374 0.390 0.503 0.327 0.390 0,367 0.195 0271
16 0.363 0.366 0311 0.365 0.186 0.245
17 0.385 0.389 0.335 0.401 0.193 0.270
140 21 0.324 0.408 0.321 0.390 0.192 0.271
150 24 0.335 0.387 0318 0.390 0.195 0.280
25 0.332 0.384 0.316 0.386 0,193 0277
C 120 12 0.262 0.337 0.259 0.333 0,162 0.225
13 0.256 0.311 0.246 0.307 0.160 0.206
14 0.275 0.356 0.268 0.355 0.162 0.238
130 18 0.230 0.328 0.259 {.336 0.161 0.232
19 0.289 0.341 0.268 0.351 0.162 0.239
20 0.295 0.350 0.273 0.363 0.163 0.246
140 22 0.265 0.346 0.266 0.350 0,164 0.262
23 0.264 0.335 0.265 0.340 0.162 0.246
150 26 0.261 0.365 0.278 0.372 0.167 0.283
27 0,279 0.406 301 0.417 0.174 0.323
HYHZ 140 28 0.280 0.290 0.168
29 0.263 0.264 0.161
146 30 0.270 0.312 0.170
31 0.254 0.285 0.163

" Relativities for non-wind Borne Debris Regions

? Relativities for Wind Dome Debris Regions with opening protection (shutters or impact resistunt glazing)
¥ Relativiries for Wind Dome Debris Regions where design based on parlislly enclosed assumplion with oo opening protection.

the opening protection as shown in Table A-13.
The partially enclosed case has roof straps that
are 37% stronger than the enclosed case, which
means that the whole roof fails about one
thirdas often during the severe wind events.
However, the window damage for the partially
enclosed case is essentially the samne as the

enclosed case without opening protection.
There is some savings from the higher DP
rating of the partially enclosed case, but
otherwise the damage level of the windows is
the same. The higher levels of fenestration
damage cause more damage internally which
drives up the loss costs to higher levels. Note
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Table A-14. Average of Relativity for Minimal Designed FBC Group III Buildings at All

Simulated Points (2% Deductible)

Relativities for non-Wind Borne Debris Regions

F . . o , Metal Deck Concrete Deck
Relativity - 2% Deductible |~ WBDR | WEDR Non-WBDR WBDR
Terrain ;’Vp :':li D No Openi{lg Openin% No Openi;ng No Openi{lg Openingz No Openi;lg
Exposure (Gust) Protect. Protect, Protect. Protect. Protecet. Protect.
B 100 1 0.837 0.633
2 0.912 0.686
110 3 0.747 (.606
4 0.708 0.563
5 0.698 0.541
6 0.770 0.615
120 7 0.511 0.382
8 0272 0.356 0.148 (.234
¢ 0.273 0.343 0.148 0.217
10 0.278 (1357 0.147 0.224
11 0271 0.338 0.149 0216
130 15 0.444 0276 (.332 0.323 0.148 0.225
16 0.271 0312 0.145 0.202
17 0.282 0.342 (.146 0.227
140 21 0273 0.326 0.146 0.225
150 24 0244 0.319 0.148 0.228
25 0.242 0318 0.147 0.228
C 120 12 0.265 0.33% 0.162 0.252
13 0.258 0314 0.161 0.228
14 0.269 0.359 0.162 0.267
130 18 0.248 0.338 0.161 0.259
19 (.255 0.352 0.162 0.269
20 0.258 0.361 0.164 0.278
146 22 0.248 0.357 0.164 0.28%
23 0.248 0.345 0.163 0.273
150 26 0.245 0.382 0.168 0.316
27 0.260 0.423 0.17a 0.358
HVHZ 140 28 0.263 0.168
28 0.246 0,161
146 30 0.252 0.170
31 0.237 0.163

? Relativities for Wind Bome Debris Regions with opening protection (shutters or impact resistant glazing}
* Relativities for Wind Bome Debris Regions where design based on partially enclosed assumption with no opening proteclion.

how the addition of opening protection has an
effect on the whole roof failures that is similar
to the 37% larger roof straps. The opening
protection prevents breaches of the envelope
and prevents large internal pressures from
developing inside the structure,

Closer examination of the results in
Table A-11 indicates that the difference
between the two cases without opening
protection decrease with increasing wind speed.
That is the effectiveness of simply
strengthening the roofing connections and
window DPs decreases as the number of wind
borne missiles and the energy of those missiles
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Figure A-9. Comparison of Loss Relativity (2% Deductible) across Location and Wind Speed for
Minimum Designed FBC Group I Buildings with Wood Roof Deck (Table A-11)
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Percentage of Buildings with Failed Windows & Doors
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Figure A-10. Comparison of Design Options for Group I Buildings in Exposure B, 120 mph at

Location 15

Table A-15. Difference in Modeled Parameters for Cases in Figure A-10

Parameter Internal Pressure
Enclosed Partially Enclosed Enclosed
Roof-Wall Strap 1822 1bf. 2514 Ibf, 1822 Ibf.
Roof Deck Nailing Pattern 8d @ 67/12" 8d @ 6"/12" &d @ 6"/12”
Max Fen DP ratings -28 psf ~36 psf -28 psf
Opening Protection No No Yes
increases with wind speed. The difference To determine where the new

becomes significant at the 100-120 mph wind
speed regions. Thus, the final relativities table
will retain the intemal pressure variable as a
separate rating variable.

A.4.4 Comparison of New Construction
Relativities to Existing Constrnction

The relativity of the new construction
designs has been referenced i{o the existing
comstruction matrix to ensure consistent
application of relativities. This section
compares the relativity from Section 3 with an
equivalent relativity from Section 4 and
explains the reason that there are slight
differences between the tables.

construction parameters map onto the existing
building matrix, one must know the design
capacity of the straps labeled as Clip, Single
Wrap and Double Wrap, as given in Tablc A-1.

Compare Design for 100 mph
Exposure B. We will compare one of the
existing construction cases to the enclosed
design for 100 mph gust wind speed in
Exposure B from Table A-11. Location 1 is in
Gainesville. We assume both the existing and
new construction cases have FBC Equivalent
roof covers on a gable roof. These design
conditions indicate that for a wood roof, the
roof strap capacity by the FBC is 1125 1bf, (see
Table A-5), and the deck nailing pattern by the
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FBC is 8d at 6”/12” pattern (Table A-3). This
combination of roof strap and nailing patterns
corresponds to the Single Wrap, Deck
Attachment B with FBC Equivalent roof cover
from Table 3-1. The relativity for these existing
cases are (.73 without opening protection and
0.35 with opening protection. We compare
these relativities to the equivalent new
construction relativity for the 100 mph Exp B
case of (.54 without opening protection, and
0.30 with opening protection in Table A-11.

The mean strengths of various
components are listed at the bottom of Fig. A-
I1. Although the mean strength of the roof
straps is lower for new construction, the
modeled strength of the straps on existing
construction actually has a wider range of
simulated values, and therefore allow the whole
roof to fail more often than in the new
construction case. The wider range is used in
the existing construction because the single
wrap strap is representative of a wide range of
strap classes and capacities. The same concept
applies to the window DP ratings as well.
Although the mean strength of the window DP
for. new construction is slightly lower than the
existing construction, the range of simulated
resistances . is wider for the existing
construction, and will allow more window
failures than the new construction simulation,
Also note the difference in nailing patterns
between the new and existing construction
cases. The patterns arc essentiafly the same
except that a 4” spacing is used at the gable end
as required in the FBC, instead of the 6”

spacing which was maintained on the existing
construction cases. This change means that the
roof deck sections at the gable end that are the
most susceptible to failure, are stronger in the
new construction case than the existing
construction case.

Figure A-11 presents damage curves for
rool cover, roof deck, windows, and whole roof
failures for these four cases. Note that the
damage curves for the existing and new cases
in this figure are very similar to each other. For
the cases with no opening protection, one can
observe slightly smaller damage curves for
windows, whole roof (roof straps), and roof
deck failures. The relativity of the new
construction for this case (0.54) is less than the
existing construction table (0.73) primarily
because of the improved roof-deck nailing
pattern. There are also some benefits seen from
the more focused distribution of window and
roof strap strengths in the new construction
simulation.

Figure A-11 also offers another
example of the effectiveness of opening
protection on the relativity. When opening
protection is added, the window and door
damage drops to nearly zero, and the whole
roof failures of the new construction are
dropped by a factor of 4 as well, which
translates into reduced roof covering losses as
well,
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APPENDIX B: EXAMPLE DESIGN CALCULATIONS BY
ASCE 7-98, SBC 88, AND SBC 76

This appendix contains one sample set
of design calculations of the analysis
completed in Section 4 of this report. This
sample is for a Group I building designed
according to Florida Building Code Section
1606 (based on ASCE 7-98), Standard
Building Code 1988, and Standard Building
Code 1976.

The dimensions of the building, and
other key parameters such as truss spacing arc
defined on page B-3 under the section called
“Geomelry of Building”., A sample of the
sizes of the windows, and doors are defined
on page B-9, Once the configuration of the
building is established, these calculations
compute the design parameters for the
following:

» Roof deck nailing,
¢ Fenestration design pressures,

e Roof-wall connection design,

The input parameters are the design
wind speed and terrain exposure, and the
intermal pressure condition (Enclosed vs.
Partially Enclosed}, as appropriate. Note that
SBC 76 and SBC 88 do not have an exposure
variable.

This particular sample design has been
prepared for 130 mph gust design wind speed
in Terrain Exposure C for an Enclosed
Building condition under FBC and 110 mph
fastest mile wind speed under SBC. Recall
that 110 mph fastest mile wind speed is
equivalent to about 130 mph gust wind speed.

This set of calculations was repeated
for each of the FBC/SBC combinations of
wind speed, terrain exposure, and internal
pressure condition listed in Table 2-1 for each

of the modeled buildings. The results of these
calculations are summarized in Appendix A
of this report.

One may note that the nailing patterns
for wood decks on Group I buildings appear
to be slightly weaker than those reported in
the single family report, even though the wind
loads are higher for two story than single
story structures. This design calculation is
based on a higher wood density, which is
more common on comrmercial and large-scale
residential projects. This higher wood density
yields a higher nail pullout strength and thus
the Group I designs reported here will use
slightly fewer nails.
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ASCE7-98 (FBC)

Loads on single story building with flat roof slope {less than 10 degrees)

input Parameters Variables for Variables for
Exposure Enclosed/Part Encl.
in0 := (130 C Enclosed) AY (0 Enclosed = 0
B 1 =
Define design parameters | = I PartEnclosed = 1

C 2

D) \3)

Geometry of Building: Building Name: 0023 - Condo project

Design Parameters

hi [M\ﬁ htof building  h= 22180

)

V= rin(}@'-mph YV = 130mph
I:= 1.0 Importance for Class Il Building 0= am{%) 0 = Odeg roof slope
Exp = |in0<l>| Exp=2 0:=0.010 overhang width
Og = 13}
) Wi=38t+ 20 gimensions of building
IntPressure := [in0 [ntPressure = ¢
’ L= 192t + 2-0
A = 24-in Truss spacing
Case=1  (ase 1=C&Cand Roof cover: Shingle
MWFRS for iow rise bldgs byt = Of Height of Wall, single story

Dead load of roof

DLgor = % psf Hip roof, shingle, trusses, underlayment (from SBC Appendix A)

. 0.4psl
DLgheath == (0.5<in)- p \ DLgheath = 1.6 pst
125-in/

Dead load of rcof is composed of follewing: Truss/Sheathing (7 psf), Tile
(10psf). If shingies are used, use 2 psf instead of 10 psf.

Lattic := 30-psf SBC Table 1604.1 ¢:= 06 Fraction of DeadLoad used in
combination with Wind Load

Lgor i= 40-psf

16-psf

1

Lroof :

Miscellanecus: Contents,

Wood Frame wall weight Dlmise = 15PsF  carpet, cabinets, fixtures)

103
DLgaly = (55}'P3f Masonry Wall Weight

B-3
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Dynamic Wind Pressure

Terrain Exposure Constants ISGU'ﬂW 3.0 \ 60\ E _
1200-ft | 7.0 r 3 ‘ a A"EF;OS*‘SBE =
Zp == = in == . Ly,
£ 9001t g5 | Mmin 5
700-ft ) 11.5) 7)
100 2
30 156 P
Brnin = s |~ﬁ if Case=1 Ky{h) = 2.01-[ if (h< 15-f)
ZEEXPJ
15 ) )
15 | —
15 ] hranlxp\ )
i otherwise 2.01- if (h < hpin )
15 Zy Exp,
Exp )
15) )
hpin. =131t
Exp h \ CExp
2.01-( otherwise
K,(h) = 0.92 Beye)
K= 1.0 No topographic speedup
Kq:=0.85 Directionality factor {0.85 used when doing combination loads - with dead joad)
sl . .
gy = 00256 — 8 K () Ky Kg VeI gy = 33.9pst Dynamic Wind Pressure
215111
Internal Pressure coefficient
intemnal pressure
-0.18 .
GCpi = [ \ if IntPressure = Enclosed GCo: = —0-18\ range variable
P oas ) posncg = 0.1

if IntPressure = PartEnclosed

0.18
—0.55)
[0.55 )

[—zo\ |
otherwise
20 )

Dummy value in Case Int Pressure is invalid

FBC
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Gust Factor:

Terrain Exposure Constants from Table 6-4

1
2
180 1 0.45) 60
| 320 J 3 0.3 30 J
= . £ = = Zpmin = .
500 1 02 b T s
650 5 0.15) 7)
1
8)
0.6h
Zo1= Zg = mﬁx(lc) ze = I5f Equivalent height of structure
zmi]:lE )
P
!
6
L= - 33-&\ I =023 Turbulence Intensity {eqn 6-3)
Exp Ze J
z \eExp
Ly=1_ - = L,=427.061 Integral Length Scale of Turbulence
Expl 331t ) (Eqn 6-5)
Q: 1
= Background Response (Eqn 6-4
W h\[],ﬁ"& Q=092 g P (Eq )
1+ 0.63- L )
Z
gg=34 g =34
1+ 1.7goyl»
G:= 0.925 —ngQ\ G=088 Gust Faclor (Eqn 6-2)
L+ 17g0l, )
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External Pressure Coefficients: Figure 6-58

Limits of External Pressure Coefficients for each Zone in C&C loads
( first row neg coefficients, second row positive coefficents)

If slope is less than 10 degrees:

GCp_10deg :=

i

(
[

-1 0.9 -0.9)
[

0

0.2}
~1.1)
02 02)
-1.1 -1.1Y
02 02)

03 02

-1.1

-1.1 -0.8 08
o 112500

1 07 07)
-14 0.8 —0.8)
'( 1 07 07)
17 -1.6 -11Y
0o o o0 )
-1.7 -1.6 -L.1Y)
o o0 o0 )
-2.8 0.8 -0.8)
o o o0} |

Zone 1
ASCE7-98:
Figure 6-5B
Zone 2

Zone 3

Zone 4
ASCET7-98 Fig
6-5A

Zone 5

Zoneg 1, overhang

Zane 2, overhang

Zone 3, overhang

roof cosfficients

wall coefficients,

FEBC

10SF neg 100SF neg, 1000SF neg
10SF pos 100SF pos, 1000 SF pos

Alim_10deg :=

Alim is the x axis values of
the change in slope of the
GCP graphs in Fig 6-5 and 6-4

0
(10 100
(10 100
(10 100
(10 500
(10 500 1000}
(16 100 500)
(10 100 500)

1000)
1000)
1000)

1000) |-

L(10 100 1000) |

Zone 1

Zone 2

Zone 3

Zone 4

Zone 5
Zone 1, ohang
Zone 2, ohang

Zone 3, ohang
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If slope is 10 to 30 degrees:

GCp_30dep =

(

0.9
0.5

0
-0.8
0.3
-1.4
0.3
-14
0.3
-0.8
0.7
0.8
0.7
0.8
0.3
=22
0
-2.5
0

If stope is 30 to 45 degrees:

GCp_45dep :=

-0.8)
03 /
~1.4Y)
0.3
~1.4Y
0.3
-0.83
0.7 }
-0.83)
0.7 )}
—0.83
0.3 )
223
0 )
-2.51

0/

-0.8Y
0.8
-1.0)
0.8
-1.03
0.8 )}
-0.8)
07 )
-0.83
0.7 )
-0.8)
0.8 )
-1.8)
o)
-1.83

0/

Zone 1 roof coefficients
ASCET-98:
Figure 6-5B
Zone 2

Zone 3

Zone 4 wall coefficients,
ASCE7-98 Fig
£6-5A

Zone 5

(10
(10
(10
Alim 30deg:=| {10
(10
{10
(10
(10

100
100
100
500
500
10¢
100
100

FBC

1000)
1000)
1000)
1000) |-ft
1000)
1000)
1000)
1000) |

Zone 1, overhang - assumed same as Zone 1 no overhang

Zone 2, overhang

Zone 3, overhang

Zone 1 roof coefficients
ASCET-98:
Figure 6-5B
Zone 2

Zone 3

Zone 4 wall coefficients,
ASCET7-98 Fig
6-DA

Zone 5

[

(10
(10
(10
Alim 45dcg :=| (10
(10
(10
(10
(10

100
100
100
500
500
100
100
100

1000)
1000)
1000)
1000) |-ft
1000)
1000
1000)
1000} |

Zone 1, overhang - assumed same as Zone 1 no overhang

Zone 2, overhang

Zone 3, overhang
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FBC

Select appropriate set of parameters according to slope of roof:

GCp:= |GCp_10deg if (8 < 10-deg) Alim:= [Alim 10dcg if (8 < 10-deg) o= ce
GCp 30deg if 10-deg < © < 30-deg Alim_30deg if 10-deg < 8 < 30-deg
GCp_45deg if 30-deg < 0 < 45-deg Alim_45deg if 30-deg <@ < 45-deg
0 otherwise 0 otherwise

Calculate slopes of parts of pressure coefficient graphs for interpotation:

SN . \(
(ch Zone) V- (GCPZOne)

stopegcp(Zone) = ’ o <1>| | " 7 0>|
log ( szne) ~ log ( mz‘me) Slope of first seclion of line
g i
GC @ _ GC w slope of secondary section of line
( P Zone] ( pZone)

slopegcpa(Zone) == {usually flat}

(G i

log
/2 &
GCp{Area, Zone} = (GCPZom:)@ if Area < (Alimzum)@|
(slopcGCp(Zonc)]- log[Af:a\ ...— if ( A“mZone)@ < Area < [AlimZone)<l>|
, (o
o ’(AhmZtmc) ’ |
0 2
N (GCPZUM)<0> i
_(Slopmpz(z{me)). lng[%j | if I[Alimzone)m < Area < (,auimZm](2> |
: {1
i [ )
ﬁZ
(1
_+ (GCPZOne] : .
((}sz(m':){:£> otherwise
For Example:
ac,li1-8%,4) = ('00;98) ocyli0-62,5) = (_336) Geylso2.1) = [if;)
B-8
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Design of Nailing Pattern for Roof Deck

Tributary area for single fastener:  Arca = 10- i

Zonel Zone 2 Zone 3

-1 -1.8) -2.8)
GCp(Aren, = | ) GCplArea,2) = | J GCplhrea,3) =| )

Design load: Zone2

-67.12
Psingle == qh-(GCp(Area,Z) + chi] Psingle = psf

1627 )
Tributary area for single sheet of plywoed fastener: Arca = 32.0

One 4x8ft sheet of plywood/OSB = 32 FT tributary area

FBC

Zone1 Zone 2 Zone 3
GC(Ara, 1 (—0.95\ Gy (Area, ) —1.45Y GC.(Arn.3) -1.94)
rea, ) = rea, = ea, o) =
P 0.25 ) P 0.25 P 0.25 )
(GCyfArea, 2) + GCp) S
= rea, i = S
Ppanel == dh P pi Ppanel 14.56 )P
Resistance of single 8d Nail Load Case : Wind + 60% of dead load
bl
Gr= 41'; 8d common nail, NDS 1997, page 30, diameter 0.131", specific Gravity 0.55 (Southern Pine)
lpait ;= 2.5in  length of nail, 8d
t:= 5in Plywood thickness = 1/2" {min thickness of code) Southern Pine SG - 0.55 on
boim tot— 1y = 2in penetration length page 29, Table 12A of NDS-S87
Cp:= L6 Duration factor for short term loads - wind = 10 minutes
Cpyi= 1.0 Condition Factor = assume that wood moisture content at time of construction is
same as long term value
Rpail = qrlpCp-Cpy Rpail = 131.21bf
B-10
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Maximum Spacing for 8d nail:
Raail

A= (’F‘siugleﬂ + 0»6'DI-'$heatl'1| -2-ﬂ)

Ay=11.9in

Select nailing pattern that meets max spacing criteria

practical number of nails that meets nailing spacing criteria listed
above (Zone 2/3)

Cen(]interp(spossihle’NpossiblmAt]) =6
leckup nailing pattern to meet Zone2/3
IIg := ﬂoor(linterp(spussible, 1, At])
NailSched B

5 =8 ;
1 poss1blens
USE the foltlowing spacing:
§e 1= 6in edge spacing 8= 9.6in interior spa
. 48
Npails ©= 2 @ + I\ + 3 48in + l\ Npails = 36
Se 5 ,J
Check whole panel resistance
2 .
Lpanel = (Jppmln + 0.6-Dlgpcath ).321% Lpanel = 1733.421bf uplit
Riotal = Rnail Nnails Rigtal = 47232 [bf
Statusy o == Riotal > Lpanel Statusp = oain = 1 PASS =1, FAIL=0

spacing, nails

maximum required spacing of fasteners

436 12
481 M1
533| 10
6 9
6.86 8
B 7
9.6 B
12 5
16 4
24 3
48 2

FBC
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ROOF STRAPS DESIGN (Uplift): Design of Typical Truss at Center of
Building
The ARA roof-strap model simulates failure of the entire roof assembly as a whole, and not any one specific
truss connection.. Therefore, strap size in model should be based on strap representative of the majarity of the
connections, and therefore is based on section at middle of structure.

We have considered the C&C loads that are acting on a single truss in the middle of the roof.

Edge zone

LeastHorDim ;= min{W,L) LeastHorDim = 38 ft

a

0.1-LeastHor[)im Y 3.8 _ M

a:= a= ft  a:= min(a) a:= m 0.04 LeastHorDim a=380
p4n ) 887/
3 })
W
Iy = l,=19i length of top chord of truss
2-cos(9)
ag = i fength of edge zones along roof slope - assume that "a" in ASCE?7 figures are widths in
005(9) p|a|-|_

Method 1: Center Roof Truss Design based on Components and Ciadding loads from ASCE 7-98

Effective wind area of a truss equals maximum of actual area

and span times 1/3 span length External Gust Factors

W-A
Aeff = W ! Agfr = RIS Aefr = max{Actr) GCp{Aerr, 1) = 09
w-?)) 481.33 J P 0.2 )
- 2 ~1.1
Aefr = 48133 R 6C{Aete,?) =(02)
ki=1.3 p= (GCP(Aﬁff,k)o + GCPiO)-qh 1 1\
GCHl Aefr, 3) = ( ’
. \| P( € ) 0.2 )
p= ~36.61 psf Design Pressures for Zones 1, 2,and 3 V= 130mph
—43.39 Exp =2
43,39
-1.11
Overhang pressures, Po = {GCp(Actr, 7)0)-an GCp{Aerr.7) = ( ) Do = —37.69 psf
Zone 2 0 )

FBC
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WIND Perpendicular to Ridge: Loading pattern according to ASCE 7-98 guide by K. Metha

Set pa and Pc equal to p1,

Pattern is slightty different for low

WIND )

FBC

because ASCET7-98 slope roofs
guidebook indicates that
truss loads should follow Pa= |p if 8 <10-deg
patterns where Zone2 is not
applied simultanecusly to all p, otherwise
locations according to wind ] .
tunnel tests. Po:= |py if 8 <10-deg
Py otherwise
pC = pl
Sum Moments: about R2 reaclion point
1 i 0 0\
R, = | Pa* -A-cos(e)-(w— o—— ..
17 Wo20| P cost®) \ 2) \
+p,| 39 - —— -ﬂvcos(ﬂ)-[W— 0- a0 ol ..
Pyl e 003(0) )
+ pyag-A- cos{e) ? -0-— cos(e))
ag )
+pa-a9-a-cos(9)- W—-o0-|1- ?) cos( )
o ) 1 \
+1 pe| ag - —— -A<cos(6) -COS l-])
Pc( 8 003(8)) |: [ 005 < :H
+ Pl‘(lr - 2-n9]-A-cos(B]- W-0-— oos(& ) |~ -0~ —2— cos(e)jﬂ
0 0
+ - -—-avcos(ﬂ)- = e
Fo cos(8) (2)
+ - po‘—-A-sin(B) ( -sin(8 W Dead load
cos(8) 2 LUS( )
) i o Y. () factor, ASD
+ - p.|a Asme g— = ag ~ -§in =
_p2 o cosl® )) 2\ cos(6) ) =06
I
+1p, (e = 2:8g)-&-sinl6)- E-sm(e))
i d
+ pavag-A-sin(B]»[lr ) sin(B)}
i 2) R, = ~1234.86 Ib
+ -——H-Avsin(e]- —-sin(e)
Fo cos(b) (2005(9) J
1
+p (- 2-a9)-a-sin(9)-(—évsin(9]j
£,
+pb-a9»A-sin(9)- Iy — ?Gj -sin(0) .
o 1 o W .
+pe| ag - —— -A-sin(6) | ag — —| ag - -sm(ﬂ)}
pc[ o cos(BU H: ® 2 [ o 003(8))}
W
D AW — —
_"'¢‘ Lroof [ 2 0) ]
B-13
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Sum Forces in Vertical

R2 = WZ- o’ CD:EB)-COS(G)-A}
0 )
+ pz»[ag - Cos(e))-cos(BJ-A:l

+ pb‘ag‘cos(e]‘A]

+pa-a9-cos(9)-A

_-+p°'[_a9 ) cnso(e) y

WIND Parallel to Ridge

R, =
37 w-20

W
+p-Dlgaf W | ——0
i roof [2 )

4 3

R3 = —1185.921bf

R,= —1185.921bf

: pl»lr-cos(e)-[[wu o- Er<cos(9)) + (g-coS(G) -

+21;>I<(lr - 2-39)-005(6)-:3

\-cos(e)-ﬁ

1

)

-

R, = 2-p1-lr-A-cos(9) - Ry + & DLiger &AW

+ ¢ DLroor-{A-W)

Wind perpendicular to ridge, applied at all edge zones
simultaneously (note that this is an unrealistic condition, but
is one that may be checked by a designer).

If slope less than 10 degrees, pa and pb do not exist

pa= |p O< 10-deg’
P, otherwisc

Pb = |P, if 6 < 10-deg
P, otherwise

Pc:= | P, if § < 10-deg
P, otherwise

o]

T

R2 = —118%.491bf
P1
]
S ™ e
w o

FBC

B-14
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Rp:

[

Ra =

W 2-0‘ Po' cos(e)‘ .

2>(pu-——o—-C08(9)-.ﬁ\ + & Dlpoof- (A W) | - Ry

el 2p - —0coa).
L PG[B cos(ﬁ)) (B)A

+| p, [lr— 2 ag) A-cos8)|| W = 0 - =-cos(a)
+—[_’u'm-a-cos(9)-[§) \
+ ~-Po'm-A-sin(@]-(m‘sm(e])]

+__p2‘[a9 - a:_@].am(e)ﬂae , é.[ae - Wﬂ(a)ﬂ

+ pl-(lr=—21&3)‘A-sin(9)-(~1§-sin(9))

!

-

a
+—pa»ag<.’.\vsin(6)<[]r——e sin(6)| ...

2 )

m,A.siH(e).[m-sin 6)}

+ pl-(]r - 2-ag)-A-sin(B)-[]—;-sin(GJ)

+ Dy

+pb»a9-Avsin(6)- I~ a—;}sin(e)

+pc.[a9 _ ﬁ){-.&-sin\(wﬂ:ag - —;-[ag - coie)ﬂ-sin(ﬁ]}

W
+0-DLoor-A-W-

277

cos(BJ )
\-cos(BJ-A:|

u]
-+ . —_——
Pa| e 003[6))
+(pyrag-cosle)-A) .
+2:p(le - 2ap)-cos(0)-A ..

+ (pa-ag-cos(e)-ﬂ]

FBC

By = —43.39 psf
P = —36.61 pst’
Po = —37.69psI
Pa = —36.61 psf
Ph = —36.61psf
e = —43.39psf
ag =380
W=138ft
ir= 191
A =2ft

Ry = —-1237.441bf

Rg = —1237.441bf

B-15
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Compared to theoretically correcl loading pattern:
R R

The thecreclically correcl loading
pattern proeduces maximum uplifts
that are only ~6-7% lower than the full

FBC

Pattern_Load 1 T2 0.56 pattern loading. Therefore, since
Full_Zane_Load R; Ry ASCEY doesn't clearly indicate the
which pattern loading is appropriate,
R =R R and since the difference is refatively
1l Ry=R2  Use full pattern loading minor, then default to full pattern
loading.
Summary of Strap Design
Strap Design of interior zone truss: 0 \
Components and Cladding: —1237.44
tnterior Truss ]
R=|-1237.44 |Ibf min(R) = —1237.441bf R design = min(R)
-1185.92
~1185.92)
Convert from 5%ile of Ultimate Distribution to 1atio50, JiiMean = 1.196
Mean and SD of Ultimate .
ratiosniisp = 0.1196
Ultimate Failure Capacity Resign Tatiose4itMean | —2774.96)
Ry=—""—"3 . . Ry = Ibf
1.6 ratioseuRsD ) ~2717.5 )
Shear on Roof-Wall Connectors
Lateral shear loads on connectors are assumed to be adequate.
Design Parameters. V = 130 mph IntPressure = 0 Exp=2
Nail Spacing: 5= 6in edge of plywood si= 9.6in interior of plywood
~2774.96)
Straps: C&C loads Ryegion = —~1237.441bf =
design U 2775 )
Window Design Pressure: max(DP) = 36.61 psf min(DP) = —39.66psf
B-16
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5BC 88

S B C 8 8 Wind Loads by SBC 1988 version

Desiqgn Parameters Variables for

Enclosed/Part Encl.

nG:= (110 1 Enclosed} Enclosed = 0
PartEnclosed = 1
 |ina® -
V= |inQ0" | -mph V= 110mph
Geometry of Building: Building Name: (0023 - condo project

- [M\ﬂ ht of building

2 )

IntPressure := | in{}@ ’

0
8 := atun —\ 8 = Odeg
12
o= 004 overhang width
op = O-ft
Wi=38t+ 29 gimensions of building
L:=192ft+ 20
A= 24in Truss spacing

Roof cover; Shingle
hyan = 9 ft Height of Wall, single story

Dead load of roof

Hip roof, Tile, trusses, underlayment {from SBC Appendix A)

. 0.4psf
DLsheath = (0.5-in)- _'_“‘“\ DLsheath = 1.6psf
.125v1nJ

DLgof := &psf

Dead load of 17 psf is composed of following: Truss/Sheathing (7 psf), Tile
(10psf). If shingles are used, use 2 psf instead of 10 psf.

Lagtic *= 30-psf SBC Table 1604.1

Efloar := 40-psf

16-psl

Lroof :

Miscellaneous: Contents,

Wood Frame wall weight
DLmise := 15-pst carpet, cabinets, fixtures)

10
DLywall = (SSJ‘PSf Masonry Wall Weight

B-17
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SBC 88

Dynamic Wind Pressure

bmip == 15-ft
) 2
Q= _00256.\;2,[ h ) __slug if (h> beyin) Dynamic Wind Pressure( Table 1606.2A)
I 0] 51510043
B 2
158Y” slug = 28.415 psf
.00256-V2v ﬂ) . othcrwise 4h = £5402P
- 0 2.151 ll-ft3
W
Edge zone LeastHorDim ;= mi (L }] LeastHorDim = 38 ft h=2218f
0.1-L i * \\
1 eastHorDlm\\
= min a=138M a := max| | {.04-LeastHorDim a=338f
0.4-h )
3ft )
ag = a length of edge zones along roof slope - assume that "z" in Figures 1205 are widths in plan
cosl) not along roof
ag = 3.8f
W
lp= =19 length of top chord of truss
2. cos(G)
Internal Pressure coefficient
GC O\ if IntP Enclosed G 0\
i= 1 ntiressure = Enclose 1=
pi 0) Cpi 0/

-04Y
ol J if IntPressure = PartEnclosed

-20Y )
.20) otherwise dummy value

B-18
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External Pressure Coefficients: Components and Cladding

Limits of External Pressure Coefficients for each Zone in C&C loads
{ first row neg coefficients, second row positive coefficents)

If slope is less than 10 degrees;

GCp_10deg =

([—13 -1.15 -1.15Y |

0 0 o}

[—LB -1.15 -1.15)

0 0 o )
—-1.7 14 -1.4)
[ o o o)
~1.7 ~14 -14)
[ o 0 0 )
2.9 —14 —1.4)
[ o 0o o)
01}[-&.3 -L1 =113
13 1.0 1.0
(lg_[—l.s -1.1 -1.1)
13 1.0 1.0/

[—LB —0.95 -0.95)
0 0 0 )

[—LS -12 -1.2Y

o o0 0 )

[—17 -0.95 —0.95)
0 0 0 J|

Zoner

Zone re roof coefficients
Table 1205.2D

Zone si

Zane se

wall coefficients,
Figure 12056.2C
(reduced by 10%
Zone w when roof sfope
less than 10deg)

Zone ¢

Zone e

Zone r, overhang

Zone s, overhang

Zone ¢, overhang

SBC B8

10SF neg 1005F neg, 1000SF neg
10SF pes 1008F pos, 1000 SF pos

Alim is the x axis values of
the change in slope of the
GCP graphs

Alim_10deg =

100
100
100
100
100
500
(10 500
(10 100
(48 T2

(10
(10
(63
(63
(10
(10

(10 100

1000) |

1000)
1000)
1000)
1000)

1000) |

1000)
1000}
1000}
1000)

Zoner
Zonere
Zone si
Zone se
Zonec
Zone w

Zane e
Zone r, overhang

Zone s, overhan

Zone ¢, overhan

B-1%
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If slope is 10 to 30 degrees:

[(-12 —1.1 -1.1Y]

( 0o o 0 )

-12 L1 -L1Y

( o o0 0 )

-14 -12 -1.2)

[ o o o)

-21 -1.8 -1.8)

[ o o o)

(—17 -1.8 —1.8)
GCp_30deg = 0 0 0 J
- -1.3 =Ll =11}
[ 1.3 1.0 1.0/

-1.5 —-1.1 —-LI)

( 13 1.0 10)

-1.0 09 -0.9)

( o o 0 )

-1.2 =10 -1.0)

[ 0 0o o)

-2.5 ~1.6 -1.6)
(570

GCp_45deg == 0

Zoner

Zone re

Zone si

Zone se

Zonec

Zane w

Zone e

roof coefficients
Table 1205.2D

wall coefficients,
Figure 1205.2C
{reduced by 10%
when roof slope
less than 10deq)

Zone r, overhang

Zone s, overhang

Zone c, overhang

Alim_30deg =

(10
(10
(10
(48
(10
(10
{10
(10
(10

(10

Dummy Vatues for high slope roofs: Not part of this study

Alim_45deg:=0

Select appropriate set of parameter&". according o slope of raof:

100
100
100
100
100
500
500
100
100
100

1000) ]
1000)
1000)
1000}
1000)
1000)
1000)
1000)
1000}

1000) |

SBC 88

Zone r
Zone re
Zone si
Zong se
Zonec

. ﬂ;2 Zone w

Zone e
Zane r, overhang

Zone s, averhan

Zone ¢, overhani

0 = Odeg

GCp:= |GCp_lodeg if (8 < 10-deg) Alim:= | Alim_10deg if (6 < 10 deg)
GCp_30deg if 10-deg < 0 < 30-deg Alim 30deg if 10-deg < © £ 30-dcg
GCp_45deg if 30-deg < 0 < 45-deg Alim_45deg if 30-deg < 8 < 45-deg
0 othcrwisc 0 othcrwisc

B-20
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SBC 88

Calculate slopes of parts of pressure coefficient graphs for interpolation:

S ]
) z . (GCP ZCIHI:) V- (GCpZone)
slopep(Zone) := [Aimg ) T
1mzonc) [ |[Ahm2-onc] ‘ . _
log — |- lo Y Slope of first section of line
ft ft
) {1 . .
opeccya(zons) = (chzmze] - (chz{me) | (sLch;ﬂz I]cnyf ;:tc;ondary section of line
()] | ] (0]
log —2 - log —2
fr ft |
GCp(Area, Zane) ;= [GszOm)(O) if Area < (Allmzonc](u}’
d(slupcGCp(Zonc))- log[::a} ] if |(Ali1'nzml'3)<[l> < Area < (Alimzone)(l)|
. (o
e (ime)
ﬁZ
(0% 0] |
_[slope(;cpz(Zone))- log[l:;a} | if I(Alim}!one)(l) < Area < (Alimzonc)@
, {1
+oiog I(Altmz(mc) |
Sk ¢
(0P zane) |
(C’I(szme](2> otherwise

For Example:

GCP(’?Z‘ﬂz,co) = (_:}'2) GCp(lo-ftz,r) = (

-1.3Y —1.202
o) 1.059 }
~1.4Y

-1.074
0.963 )

ao(s0a2e) =
p

ch(sm-ﬂz,si] - [ . GCP(?-OO»ﬂz,e) _ (
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SBC &8

Design of Nailing Pattern for Roof Deck

Load on one nail: use 10 SF as effective area

1.3Y 1.7

Area = IO-ft2 GCp(Area,1) = [_0 ) GCp(Area, si) = (_0 ) GCP{Arca,c) = (_2'9\

¢ )

Design Load: Zone si

_ —48.306 )
Psingle = cﬂl‘(GCp(ATeasSl) + chi) Psingle = 0 )PSf

Tributary Area of single sheet of plwood: (4ftx8fl)

Area:= 3265 GCy{Area,d) (_1'224\ GCy( Area, si) (_l'ﬂ GCy(Area,c) [_2'142\
rea = 32 ea,1) = rea,si) = n[Area,c) =
P 0 ) p 0 ) ~p 0 )

_ —48.306
Ppanel = qh-(GCp(Area,SI) + GCpi] Ppenel = 0 )psf
Resistance of Single Nail
6d common nail
g =320 6d common nail, Southern Pine (specifig gravtly =0.55) NDS 1997-S Table 12.2A
n
lpaj := 2.0in  length of nail, 6d
t = 5.in Plywood thickness = 1/2" (min thickness of code}
lpi=lpj—t lp=15in penetration length
Cp:= 16 Duration factor for short term loads - wind = 10 minutes
Cn= 1.0 Condition Factor = assume that wood moisture content at time of construction is
same as long ferm value
Rmﬂn = qrlpCp'Cry
8d common naif
" 1bf lpail = 2.5in length of nail, 8d, Southern Pine {8G=0.55), NDS 97-S Table 12.2A
=4l
m t:= 5-in Plywood thickness = 1/2" {min thickness of code)
lp = lpaj] — lp=2in penetration length
84 Resistance of single Nait, 6d and 8d
Roail = arlpCD-Cm nail = [131‘2) bf L espectively
B-23
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Maximum Spacing for nails:

A Rnail [10-791\ o maximum allowable
ti= t= .
(| Psingle, * DLshcalhl 2. n) 16.854 J spacing of fasteners
Select nailing pattern that meets max spacing criteria
Check 6d naif first spacing, nails
number of nails that meets nailing pattern criteria for Zone si 4.384 12
s 4.8 11
ceil{ linterp| Spassible: Npossibles At || = 6
( ( P P “]) 5.333| 10
lockup nailing pattern to meet Zone2/3 5 )
Il = ﬂoor(linterp(spossible,ll,Atﬂ]) o 6.857 B
S NailSched B 8 !
P . six = 0.61 ailSche
8i6 Sposstblcﬂs 5i6 m 9.6 5
check 8d nail 12 5
o 16 4
Ceﬂ(lmtcrp(spossible’Npossib]e!At])) =4 >3 3
1l = ﬂoor(linterp(spossiblc,II,Atl]) I, =8 48 2
S8 = Spossible,, sig= 16in
8
USE the following spacing:
edge spacing $e = 6in
interior spacin . .
‘ot spacing si:= |sig if 85 < 12-in nailsize = |8 if sj5 < 12-in
sjg otherwise 6 otherwise
nailsize = 8 sj= 16in

Check whole panel resistance

48in 48i
Npails = 2(5— + 1\ + 3[5_111 + 1} Npails = 30
3] 1

2 2 ,
Loanel = (| Ppanel, + DLSheathl]Sth Lpanel = 1494.589 ft"psf  uplift

Riotal = Rﬂaﬂ(ﬁi_lsizg-ﬁ\'Nr Riptal = 3936 Ibf
2

StBUS L o iail ~ Rtotal > Lpanel Statusp o omgy = | PASS =1, FAIL=0
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WIND Perpendicular to Ridge at section A-A

STRAP RESISTANCE
used in ARA model

Sum Mements (nate that in
the mathcad formulas p0 is
zone r pressures and p2 is
zone si pressure)

Pa®= |P, if & < 10-deg
Py otherwise

Po= |P, if @ < 10-deg

P otherwise

o)

R.:= :
0" w20

— 00— -

-A-cos(B)-[W )

% Vacosto)W—o
cos(@))A (9)£w

Pso’ cosl®)

+Psi'[ae B

a
+pb-a9-A-cos(G)- d

ag)

+pa-a9-a-cos(9)‘[w-*o— I - eyl

: pc.(ae _ :o.f(_a_)].a.m(e).[-;(ae -

+[ p, (1 - 2:a9)-A-cos(0) | | W

T

L « L=

+pr-(lr - ?;ag]-A-cos(B)‘ ;

<A-cos(9)-[§]

o

2-cos(9)

bon —
I_)SO cos(G)

+ -A-sin(e)-

p 0
50 cos[B)

:"si'[“e ")
1

Pr‘(lr -2 aﬁ)'A‘SiD(G)' Er-sin(e)

L

o
+ ‘—-A-sin(ﬁ)- —-sin[ﬁ
Pso cos(0) 2-cos(@)

|
+Pr'(lr - 2-a.e}-A-sin(9)-Q5r- I
-ag-A-sinlB8): 1. — — sl
+ Pty ag sm( ) r 2)
o
+Pc‘{36 -

cos(ﬁ) h
+§-DLpgof-A-W- E — 0}

il -0- —-cos(e)
2 2

-0- —-cos(e]
2

\-a-sin(ﬁ]'ﬂaa -

Pc =D

.
)

dad—qQ

i,s(e)]

coie)g.cos(e)ﬂ

A
by

-cos(G)j

Iy

sin(ﬁ )\

JIE

1

+—|_pa-a3-ﬂ-sin(9)<(lr - ? ) sin(B)] )

\
))...

R0 = -951.0361bf

SBC 88
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Sum Forces in Vertical

il o
Ry = || 2| Py ‘cos(ﬁ)-A} + ¢:Dlggor (A-W) |~ R
o )
+|p.|ag - —— -cos(ﬁ)»é.
Pei'| %9 c-os(e]) ]
+ pb-ag-cos[e]'ﬁ)
+2vprv(lr - 2-39)-GOS(BJ<A
+pa-ag-cos(9)-A
+n¢| ag ~ —-—-E——\-cos(ﬁ)-A
LL cns(B)J B i
WIND Parallel to Ridge at Section A-A
WIND Parallel to Ridge
P1 1
P1 Rz = w f 2.0- pr-lr-cos(ﬁ)-[(w -—0— -25-005(3)
DL WL - o
2 )
9
T RrR1 ? R2 R3 = 2-pr-lr-A-cos[H] - R2 + §DLgof- AW

ps =

R2 = —B09.746 Ibf

R, = —899.7461bl

3
Summary of Strap Design
Strap Design of interior zone truss:
Campanents and Cladding: ~951.036)
Interior Truss -902.446
R= 1bf
—89%.746
~899.746 )

Canvert from 5%ile of Ultimate Distribution to

Mean and SD of Ultimate
Uitimate Failure Capacity R R design ; ratiosegUlMean |
u=——3
1.6 ratiosy,uSD )

R1 = —902.446 Ibf

min{R) = -951.0361bf

1

j+(2

‘COS(B)

Raesign = min(R)

ratioses [ JitMean = 1-196
ratioso,sp = 0.1196

o=

—2132.697)

-213.27 )

.

SBC 88
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SBC 88

Design Parameters: V= 110mph IntPressure = 0
Nail Spacing: o ) . . .
nailsize = 8 8¢ = 6in edge of plywood 8;= 16in interior of plywood
St C&C load R D51.0361bf R _2132'697\ 1bf
raps: 0ads P = = R =
p design U 213.27 )
Window Design Pressure: max(DP} = 33.246 psf min(DP} = —33.246 psf
B-28
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SBC 76

S B C 7 6 Wind Loads by SBC 1976 version

Design Parameters

inf} := (110 Enclosed 0)
V= |in{)(ﬁ>J -imph

¥ = 110mph
@|

IntPressure := | in0

[ntPressure = O

Table 1606: Use factor
Use:= 1.0

Dead load of roof

Variables for
Enclosed/Part Encl.

Enclosed = 00

PartEnclosed = 1

Geometry of Building: Building Name: 0023 - condo project
hi= (M)ﬂ ht of building
0= atan(%\ 0 = Odeg
0= 0.0 overhang width
0g = O-ft
Wa=38+ 20 gimensions of building
L:=192ft + 20
A= 24in Truss spacing

Roof cover: Shingle

hyall i= &1t Height of Wall, single story

DLor == 9psf  Hip roof, Tife, trusses, underlayment (from SBC Appendix A)

0.4psf \
125-in/

Dlgheath = (0-5'111)'[

DLgteath = 1.6psf

Dead load of 17 psf is composed of following: Truss/Sheathing (7 psf), Tile

(10psf). If shingles are used,

Lartic := 30-psf SBC Table 1604.1
Lfgor i= 40-psf

16-psf

Lroof :

{10} Wood Frame wall weight
DLyl := 55)'P5f Masonry Wall Weight

use 2 psf instead of 10 psf.

DL = 1 F Miscellaneous: Contents,
Lmisc = 13-ps carpet, cabinets, fixtures)
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SBC 78

Dynamic Wind Pressure

bpin = 30-ft
i 2
h \7 slug, < ean
qh = _00256.v2( ) . if (h> hmin) Dynamic Wind Pressure( Table 1606.2A)

i R g 158
i 2

7

.Dozsﬁ-vz-[h‘m") S8 herwise ah = 30.976 psf

L 2151118

length of top chord of truss

R
r 2005(8)

L= 19/

Shape Factors: Tables 1205.2 to 1205.6

extwall \ 0\

[T (_1-1\ 1] window 1
L1 ) hor_windward = | 2
(_0-55\ hor_leeward 3
1) overhang | \4)
-L0
GCp = \ if IntPressure = Enclosed
0 )
—0.75))
0 )
(4.5\
Lo J 0
T(-15) 7] Window Design Pressure
1.1 ) DP is not a function of location on building,
—0.st exposure, or size of opening: Single DP can be
calcuated
L1/
-L.5) . 0.55)
th - = : =
( 0 ) otherwise Jprindow—[ 1) gh = 30.976 psf
-1.253
N— —17.037
( 0 ) DP:= an GCPwindaw P = ( » \PSf
[wl.s\ 34.074
Lo )l
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Design of Nailing Pattern for Roof Deck

Load on one nail: use 10 SF as effective area

_1\

GCphor_w'Lndward = ( 0 )
Design Load: windward zone of horizontal surface
-30.976
Psingle = qh.(chhor Windwu.rd] Psingle = 0 Jp st

Tributary Area of single sheet of plwood; (4ftx&ft}

~30.976)
Ppanei = Psingle Ppanet = 0 JPSf
Resistance of Single Nail
6d common nail
qr = 35']_b—f 6d common nail, Southern Pine (specifig gravtiy =0.55) NDS 1997-S Table 12.2A
n
bail = 2.0in length of nail, 6d
t'=.5in Plywood thickness = 1/2" (min thickness of code)
lp=lpg -t lp=15in penetration length
Cp:= 16 Duration factor for shorl term {oads - wind = 10 minutes
Cpi= 1.0 Condition Factor = assume that wood moisture cantent at time of construction is
same as long term value
Rnailo = QI‘lp‘CD'Cm
B8d commoaon nail
A1 1bf Ingil := 2.5in length of nail, 8d, Southern Pine (3G=0.55), NDS 97-5 Table 12.2A
gri=4al—
m t:= .5-in Plywood thickness = 1/2" (min thickness of code)
1p =lpai -t 1p = 2in penetration length
o Rl = 84 \lbf Resistance of single Nail, 6d and 8d
Rlla.lll = qupCDCm nail = 1312) respective'y
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Maximum Spacing for nails:
R pail [1?.15?\ _
t = in
{|F's~1ingleG + DLgheath 'z'ﬁ) 26.797)

A=

Select nailing patlern that meets max spacing criteria
Check 6d nail first
number of nails that meets nailing pattern criteria for Zone si
CCil(lintch(Spossibles Npossihle’Atu)] =4
lookup nailing pattern to meet Zone2/3
Ilg == ﬂoor{linterp(spossiblc,ll,Atn]) =8
Si6 = Spossibley sig = 16in
check 8d nail

Ceil(lintcrp(spossible,Npossible,Atl)) =3

Iy = ﬂoor(linterp(spossiblc,Il,Atl)) ;=9
Si8 = Spossible sig = 24in
USE the following spacing:
edge spacing 8e = 6in
interior spacing s;i= |sig if §5< 12-in nailgize ;=
si ©otherwise
Spacing cannot exceed 12 inches:
Check whole panel resistance
Npails = 2(-282 + l\ + 3(-4—25 + ]\ MNpails = 33
e i

2
Lpanel = {|Ppanel, + DLsbeatt| }-320

Riotal == Rﬂaﬂ(nail_sizc—s‘]'Nt Rigta) = 2772 1bf
2

StamsRooﬂ\Iail = Regtal > Lpanel St;zs.tl.uv.Roo Nail =

maximum allowable
spacing of fasteners

8= 1nin(si, 12-in)

Lpanel = 940.033@%pst  uplift

1 PASS=1,FAIL=0

spacing, nails

4364 12
48 11
5333 10
i} 9
6.857 8
. = 8 7
MailSched 55 5
12 &
16 4
24 3
48 2
8 if sj5 < 12-in
6 otherwise
nailsize = 6  s;= l6in
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ROOF STRAPS DESIGN

Roof Truss Design should be based on Components
and Cladding loads from Table 1205.5 which refers to

Table 1205.3
External Gust Factors _1\
chhor_windward = [ 0 ) k=10.4
-0.75
chhor_leeward = 0 /]

Section 1205.3; Stability
Indicates: {c) the uplift forces

p hor_windward = gy GCp hor windward

SBC 76

calculation from wind pressure shall

not exceed two-thirds of the resisting -30,976)
dead load, = gy GC Phor_windward ~ psf
phor_leeward ’ phor_leeward - )
This is interpreted as limiting Dead -23.232
o N .
load cantribution to 67% phor_leeward = [ } psf
2
=3
STRAP RESISTANCE
WIND Perpendicular to Ridge at section A-A used in ARA model
Sum Moments {note thatin A W .
the mathcad formulas p0 is Ry = === Pror wind d-—-cos(e]-[w ~0— —-0.5\
zone r pressures and p2 is (W — 2:0) | "hor_windward 3. ,4(p) \ 3 \
zone si pressure) (i __W % (w_ . W W
+ph0r_lccward (lr 3-cos(9)) cos(B)[ 3 12)
W)
+phor_lceward'(lr)ICGS(a)I(T - 0,)
Pa* +— ) -[mw \-sin(ﬂ){ kil sin(ﬁ)\
P2 phor_wmdward 3_005(9)) 3‘003(9) 2 J
w . W)
+ 1y - ——— lsin{0){ [ 1, - ——— Lsinlp) | ..
P1 Phor_teeward | 7 3-cosle) ) II © 12-cosle) )
. ll' .
+ phor_leeward' (ITJ ' sm( 6 ) ) (E/] 5111(3]
P2 W
6 +¢"DLr00f'w'(? - 0)
Po Po i
R1 R 1
o =% R - [-318.301\
w 071 228 )
Sum Forces in Vertical
W )
Rl = [ﬁh[%or_windwm'm.cos(e) * (phm_lee“’ﬂrd).[3-cos(9)J.COS(B):[ B RO * ¢bDLmOf.A.w:|
' ~687.513)
R, = ibf
1 [ 228 )
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Design vaiue:
—818.301Y
228
= Ibf .
—687.513) R fesign = min{R o)
228 ) Resign = ~818.301 Ibf

Uitimate Failure Strength

Convert from 5%ile of Utimate Distribution ratiogog = 1.196
Mean and SD of Ultimate distribution

ratiosegn = 0.1196

Rdesign .
1= = 3-ratiose|J
1.6 Ry = —1835.041bf
P Rdesign 3.7ati
Us = 1at059%SD Rys = —183.504 Ibf
Design Parameters: V = 110mph IntPressure = 0
Nail Spacing: nailsize = 6 s; = 6in edge of plywood ;= 12in interior of plywoad
Straps: C&C loads Resign = —818.301 Ibf Ry = ~1835.041bf
Windaw Design Pressure; max{DP) = 34.074 psf min{DP} = -17.037 psf
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