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2.2

variations can become more abrupt and of greater amplitude—these
are called “wind gusts.” Thus, high winds are a dynamic force on
buildings, highly fluid and quickly changing, and must always be con-
sidered as multi-directional.

TYPES OF WIND

There are several terms that describe winds that pose a danger to life
and property and are of concern to the architect in designing for high
wind loads. While only a few of the terms are discussed here, a more
extensive list of wind design terminology is found in the glossary at the
end of this book.

Cyclones: These storms can be described as any atmospheric sys-
tem in which atmospheric pressure diminishes progressively to a min-
imum value at the center, and toward which the winds blow spirally
inward from all sides, resulting in a lifting of air and eventually in
clouds and precipitation. Cyclones are the lows on weather maps.
Circulation in a cyclone is counterclockwise in the Northern
Hemisphere, clockwise in the Southern Hemisphere. The name does
not suggest any degree of intensity and is applied to moderate as well
as intense storms. Cyclones are divided into tropical and extratropical
groups, depending upon characteristics of the surrounding air masses.
Hurricanes in India and Australia are referred to as cyclones.

Tropical Cyclones: This is the general term for cyclones that orig-
inate over the tropical oceans, from tropical disturbances to hurricanes
or typhoons.

Extratropical Cyclones: During the later stages of their life cycle,
tropical cyclones may move into nontropical environments, which
modifies their circulation pattern and causes them to be classified as
extratropical. In these situations, the size of the circulation usually
expands, the speed of the maximum wind decreases, and the distribu-
tion of winds, rainfall, and temperatures around the center of the
cyclone becomes increasingly asymmetric. While these characteristic
features develop, some tropical features may be retained for a consider-
able time—such as a small area of strong (often hurricane-force) winds
near the center, the remnants of an eye, and extremely heavy rainfall.
The devastating 1938 New England Hurricane is a good example of an
extratropical cyclone that still maintained hurricane-like characteristics.
There are no wind speed criteria associated with the term extratropical.

Anticyclones (or highs): An anticyclone is an area of high pressure
with a center from which air spirals out in all directions. These sys-
tems are associated with sinking air and good weather. Cold anticy-
clones move rapidly south or southeastward out of the polar regions
and are comparatively shallow or short-lived. Warm anticyclones like
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Wind pressures acting on buildings are distributed loads that are
assumed to act normal to the building surface. Positive wind pressures
act toward the surface of the building element and negative pressures
(suction) act away from the building surface. The fundamental char-
acteristics of wind pressures are described below based on the building
component affected and the orientation of the building in the wind
environment.®

As winds increase, pressure against objects is added at a non-linear
rate. Pressure force against a wall mounts with the square of the wind
speed so that a three-fold increase in wind speed, for example, results
in a nine-fold increase in pressure. A 25 mph wind causes about 1.6
pounds of pressure per square foot. Therefore a 4x8 sheet of plywood
‘will be pushed by a force of about 50 pounds. In 75 mph winds, that
force becomes 450 pounds, and at 125 mph, it becomes 1,250 pounds.’

Figure 3.5: Building in wind flow.  ~

3.2 AERODYNAMIC PRESSURE IMPACTS

Impacts on Walls

Figure 3.5 presents a plan view of a simple rectangular building that is
submerged in a wind flow as shown. Each wall of the structure is iden-
tified as a windward, side, or leeward wall depending upon its location
with respect to the direction of wind flow. The windward wall is the
wall facing the wind; the leeward wall is on the side opposite to the
windward wall; and the side walls are parallel to the wind flow.1°

Leoward

Because the windward wall is perpendicular to the wind flow, the wind
impinges directly on the windward wall producing positive pressures
(Figure 3.6). As the wind flows around the windward corners, the local
wind speed increases and the flow lines have a tendency to separate
from the corner of the building. This causes the side walls to be sub-
o jected to negative pressures as shown. In addition, the turbulence and
< flow separations that occur at the windward corners of the building
' induce high negative pressures for short distances along the side walls.
The leeward wall is also subjected to negative wind pressures that tend
to be relatively uniformly distributed.!!

Figure 3.6: Relative wind pressure on walls.

Impacts on Roofs
‘ Wind creates a greater load on the roof covering than on any other
‘ | s o element of a building. When a FEMA team investigated wind damage
T to buildings in Florida in the wake of Hurricane Andrew, their field
: observations concluded that the loss of roof covering was the most
pervasive type of damage to buildings in southern Dade County. To
varying degrees, all of the different roof types observed suffered dam-
age due to the failure of the method of attachment and/or material,
inadequate design, inadequate workmanship, or debris impact. Similar
damage has been observed in the aftermath of other windstorms
(Figure 3.7).
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In lieu of the eave detail shown in Figure 17 in The NRCA Steep
Roofing Manual (1996) specify that the starter strip be nailed
approximately 1 to 2-1/2 in from the eave edge of the starter strip.
One inch is preferred, but framing conditions may require that
the nails be placed farther away. Specify placing fasteners in
sheathing or framing lumber, rather than in trim boards. Six nails
per starter shingle are recommended.

Specify sealing the first course of shingles using one of the fol-
lowing options:

*  Place three dabs of asphélt roof cement (approximately 1 inch
in diameter) over the starter strip so that the overlying tab of

the first course will be adhered (Figure 4.16).

¢ Using a putty knife, place a band of asphalt roof cement,

approximately 2 in wide, over the starter strip. Leave gaps
approximately 1 in wide at about 12 in on center to allow

drainage of water that reaches the starter strip (Figure 4.17).

Specify hand tabbing rakes, ridges, and hips (for guidance refer to
the December 1994 issue of Professional Roofing).5 In addition,
because of the extra thickness of materials at the hips and ridges,
longer nails than those used in the field of the roof may be needed.
Specify that nails penetrate the underside of the sheathing, or pen-
etrate at least 3/4 in into wood plank decks.

At eaves and rakes, specify that the shingles overhang about 1/4 in
(This is the low end of the 1/4 to 3/4 in range recommended in
The NRCA Steep Roofing Manual.)

Architects should try to obtain bond-strength data from manufac-
turers and specify products with a strength value that is within the
upper range of available strengths.

Architects should try to obtain nail pull-through resistance data
from manufacturers and specify products with a value that is with-
in the upper range of available strengths. (Nail pull-through resis-
tance data should be based on the test method prescribed in
ASTM D 3462.)

Specify either fiberglass-reinforced asphalt shingles complying
with ASTM D 3462, or organic-reinforced asphalt shingles com-
plying with ASTM D 225.

To minimize water damage in the event of shingle blow-off, spec-
ify two plies of underlayment (with offset side laps) as follows:
Attach the underlayment with low-profile capped-head nails or
thin metal disks attached with roofing nails. Fasten at approxi-
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Figure 5.21: Typical beam-to-column connection
used in metal buildings.

increased internal pressure and possible progressive failure of the
building. The largest percentage of damage to metal building systems
can be attributed to this single deficiency one that can be addressed eas-
ily with proper design of these doors (see Chapter 4).23, 24

Canopy Failures

Canopies are often not part of the metal building package, and
replacement of them is not a significant cost. Concern here is that
canopies subjected to strong uplift forces may separate from the par-
ent structure, become airborne, and constitute a hazard to human life
and other property.?’> 26

Damage to Steel/Veneer Interface

Masonry, wood, glass, aluminum, and copper often are used to clad
metal building systems. In some applications the building is first
sheathed with the usual sheet metal, and the masonry veneer is then
attached by metal ties. Often this veneer is stripped from the walls by
the high suction pressures during severe winds. Several failures have
been observed in which unreinforced concrete block walls collapsed.
Some engineers suggest that the masonry must be designed to permit
relative movement between the block and the rigid frames.?”> 28

Omission of Bracing

Once the building is sold, some control is lost relative to the installa-
don of bracing called for in the plans. Of particular concern is the
flange bracing at the knees of the rigid frames. Many failures in wind
are reported in buildings in which the bracing had not been installed
or had been removed. Thus, the rigid frame is essentially unbraced at
a point of maximum bending moment.2% 30

Improper Foundation Details and Anchorage of Columns

Design of the column anchorage (base plate/anchor bolts, and footing
details) is typically left to the franchised dealer and/or the architect/
engineer of record. The need to design low buildings to withstand
uplift wind forces has become apparent, and the problem has tended
to disappear in new buildings, but is present in older ones. Architects
involved in the renovation or rehab of older metal buildings should
consider the building’s anchorage to the foundation and suggest nec-
essary retrofit reinforcement where necessary.31> 32

Failure of Field Connections

The most common connection of the pre-engineered metal building
is the end-plate connection (Figure 5.21). Most problems with end-
plate connections occur when there is a discontinuity in member
depth and the stress path for the flange force is not continuous.
Architects should be observant of required field connections and
ensure that proper connections are made.33, 34
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5.17 OPENINGS

Openings in high rises, such as service and garage bay doors, need to
be designed to resist high-wind loads. Failure of such doors can expose
portions of the building interior and its contents to wind and water
damage. Recommendations for the proper design and construction of
wind-resistant doors are discussed in Chapter 4.
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Several years ago, North Carolina revised its state building code to
require more stringent empirical provisions for non-engineered struc-
tures built along the Atlantic coast. Many areas of Florida, Texas, and
other Gulf states subject to high winds have also enforced prescriptive
requirements for small buildings that are based on engineering evalu-
ation, but the requirements have not been applied consistently in all
areas of concern.’

The problem rests with the adoption and implementation of these
measures by the 40,000 or so jurisdictions throughout the U.S. The
quality of building code enforcement in local communities could be
improved. Review and revision of empirical provisions in the codes
must be undertaken in order to increase the ability of small buildings
to withstand high wind loads. The major impediments to mitigation
appear to be embedded in social and political factors at the state and
local levels.8?

Even though existing building codes contain imperfections and could
be improved through further research, the fact remains that much of
the nation’s wind damage every year could be prevented if more struc-
tures were built in compliance with existing codes. In some instances,
failure to meet these standards is the result of deliberate decisions by
state and local governments not to adopt them in the belief that the
expected benefits of higher construction standards do not justify the
increased costs.!? Even in communities that do adopt the standards,
many structures are built without conforming to the codes. In many
cases, communities provide inadequate staffing or insufficient will to
enforce the codes. In other instances, builders are not adequately
familiar with the codes or with sound wind construction techniques.

Performance codes, which specify loads that surfaces and components
must withstand, are more difficult to implement or to comply with than
prescriptive codes, which specify construction techniques such as com-
ponent dimensions and connection spacings.!! Additionally, architects
often select materials (roof coverings, cladding, etc.) from evaluation
reports issued by each of the model codes (National Evaluation Service),
based on limited test data, not necessarily replicating actual field condi-
tions.

Over the years, local and model codes have developed empirical pro-
visions to regulate common types of construction (such as wood-
framed or masonry buildings not exceeding two or three stories in
height). These empirical provisions contain minimal requirements for
lateral loading, give little consideration of resistance to high winds,
and are based on construction practices that have “withstood the test
of time” without any type of verification. Technically, adherence to the
empirical requirements does not set aside the need to verify compli-
ance with the additional provisions for wind loads. However, it is com-
mon practice for building permits to be issued for buildings
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Glossary of Terminology

A ZONE

Includes the areas of the base flood plain inland of the V Zone where
the wave action is less than 3 ft in height. Although the waves pose less
of a threat in this zone, it is important to realize that high-velocity
water may still occur due to the momentum of breaking waves.
National Flood Insurance Program regulations for new construction
require the lowest floor elevation to be above the base flood elevation
(BFE) such that flood waters will not inundate the structure or, for
non-residential buildings, the floor levels below the BFE must be
flood proofed.

ANEMOMETER

An instrument used to measure wind speed. Several types of
anemometers are in use, the most common being mechanical
anemometers that employ either a propeller or a set of rotating cups.
Most of these devices will not survive wind speeds in excess of 150
mph. Some specifically designed mechanical anemometers are rated
at wind speeds up to 200 mph.

ANTICYCLONE (OR HIGH)

An area of high pressure from the center of which air spirals out in all
directions, implying sinking air and good weather. Cold anticyclones
move rapidly south or southeastward out of the polar regions and are
comparatively shallow or short-lived. Warm anticyclones like the
Azores-Bermuda High are deep systems extending high into the upper
atmosphere and are often stationary or quasi-stationary over the
oceans. Their influence on atmospheric processes is profound; the
Azores-Bermuda anticyclone’s oscillations produce changes in conti-
nental U.S. weather and affect the tracks of hurricanes.

ATLANTIC BASIN

The area including the entire Atlantic Ocean, the Caribbean Sea and
the Gulf of Mexico.

BASIC WIND SPEED (ASCE 7.93)

Fastest-mile wind speed at 10m (33 ft) above ground level in flat, open
country and having an annual probability of 0.02 of being equalled or
exceeded (50-year return period).

BASIC WIND SPEED (ASCE 7-95)

Peak 3-second gust wind speed at 10m (33 ft) above ground level in
flat, open country and having an annual probability of 0.02 of being
equalled or exceeded (50-year return period). This is currently the
standard measure in the United States of wind speed.
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BLIZZARD

A cold, northerly gale occurring in the northern part of the
Midwestern United States, especially in North and South Dakota.
Bringing rapidly falling temperatures and fine crystallized snow, this
suffocating wind often kills animals that are stranded out in the open.

BOUNDARY LAYER
A region extending upward from the ground surface to a height of sev-
eral hundred feet in which the wind speed is slowed by the ground
roughness (buildings, trees, hills, etc.). In fact, the wind speed becomes
zero right at the ground surface. Beyond the top of the boundary layer
the wind speed is fairly uniform. Typically, the wind speed at a height
~of 30 ft is 60-85 percent of the speed near the top of the boundary
layer.

BREEZE

The general name given to light winds blowing along seashores and
lakes. During the daylight hours, when the land temperature is warmer
than that of the water, the air over the land rises, creating a low-pressure
area. Cold air from the sea or lake then blows toward the land, beginning
very gradually after sunrise, increasing to a peak in the afternoon and
diminishing in the evening. At night, when the land temperature drops
below that of the water, the process is reversed, and there is a flow of air
from the land toward the water. This seaward breeze starts gently in the
evening, increases to a peak during the night, and is still by morning.

CYCLONES

Any atmospheric system in which atmospheric pressure diminishes
progressively to a minimum value at the center and toward which the
winds blow spirally.

EL NINO (EN)

A 12- to 18-month period during which anomalously warm sea surface
temperatures occur in the eastern half of the equatorial Pacific.
Hurricanes thrive over warm water. Moderate or strong El Nifio
events occur irregularly, about once every five to six years, on average.
The presence of El Nifio in the Pacific tends to reduce hurricane
activity in the Atlantic.

EYEWALL
Annular region of secondary circulation in a hurricane marking the
transition between the calm eye and the region of strongest winds.

FASTEST-MILE SPEED
The wind speed averaged over the time required for a mile-long col-
umn of air to pass a fixed point.

FOHN (OR FOEHN)
The general name given to all winds descending from the tops of
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mountains and moving down along their sides. This air, usually warm
and dry, is compressed, and its temperature rises. A distinction is made
between north and south fohns. Typical of the northern side of the
Alps, the south fohn is strong and gusty, bringing warm, dry air that
melts the snow and evaporates any clouds on the mountain top. The
north fohn blows over the southern side of the Alps and has the same
characteristics as the south fohn, although it is not as strong or as
warm. Many winds of different names throughout the world have
characteristics similar to the fohn and can be included in the same cat-

egory.

FUJITA SCALE

A scale from FO to FS specifying a range of wind speeds based on
observed damage as depicted in words and a set of damage pho-
tographs. This scale is applied extensively by meteorologists and the
news media in categorizing extreme wind events.

GEOSTROPHIC WIND
Wind characterized by a state of equilibrium between pressure, grav-
ity, and the Coriolis force.

GALE
A wind measuring 32 to 63 mph.

GUST
The sudden increase in a wind’s speed, lasting only a few seconds.

GUST EFFECT FACTOR
A factor that accounts for the effects of wind gusts on the response of

the structure or structural component, based on 3-second gust basic
design wind speed (ASCE 7-95).

GUST RESPONSE FACTOR
A factor that accounts for the effects of wind gusts on the response of

the structure or structural component, based on fastest-mile basic
design speed (ASCE 7-93).

GUST SPEED

The maximum speed averaged over a period of from 1 to 5 seconds.
Generally, the gust speed is 20 percent to 30 percent higher than the
corresponding sustained speed (1-minute average).

HURRICANE (OR TROPICAL CYCLONE) '

A system of spiraling winds converging with increasing speed toward
a center where they rise vertically around an area of relative calm.
Spreading over an area between 50 and 600 miles in diameter, the hur-
ricane travels over the ocean at speeds from 10 to 25 mph while tan-
gential wind speed varies from 40 to 200 mph. A hurricane is formed
over the ocean by the rising of a hot, humid column of air that rotates

74 Glossary of Terminology



in a counterclockwise direction in the Northern Hemisphere. As the
warm air rises and cools, the vapor is condensed into rain, and the
latent heat that is released is the energy source that feeds the hurricane
system. Associated with the storm is a tide from 10 to 25 ft high that
is produced by the low pressure of the air above the ocean waters.
Usually lasting from 8 to 12 days, hurricanes occur in the United
States predominantly from June 1 to November 30.

HURRICANE DAY
Four 6-hour periods during which a tropical cyclone is observed, or
estimated to have, hurricane-intensity winds.

HURRICANE DESTRUCTION POTENTIAL (HDP)

A measure of a hurricane’s potential for wind and storm surge destruc-
tion defined as the sum of the square of a hurricane’s maximum wind
speed for each 6-hour period of its existence.

INTENSE HURRICANE
A hurricane rated Category 3 or higher on the Saffir-Simpson Scale.

INTENSE HURRICANE DAY
Four 6-hour periods during which a hurricane has intensity of Saffir-
Simpson Category 3 or higher.

INVERSION

In meteorology, a departure from the usual decrease or increase with
altitude of the value of an atmospheric property; the layer through
which this departure occurs. As used here, inversion refers to a depar-
ture from the normal cooling of air with increasing height at low and
intermediate altitudes; from the base of the inversion, air grows
warmer with increasing altitude until the inversion is passed, after
which the air cools normally with increasing height.

IMPORTANCE FACTOR

A factor introduced in codification to account for the degree of hazard
to human life and damage to property. In ASCE 7, the importance fac-
tor adjusts the mean recurrence interval of the basic wind speed.

ISOTACH
Line connecting points of equal wind speed on a map.

KOHALA
A gale in Hawaii.

KOILO
A gentle breeze in Hawaii.

KONA
A southerly wind in Hawaii.
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LANDFALL
The transition of a hurricane from over-water to over-land exposure.

MEAN RECURRENCE INTERVAL

The number of years, on average, that would elapse before a
wind event of approximately the same intensity or higher would revis-
it a given location.

MOUNTAIN WIND (also downslope winds or drainage winds)

Descending mountain winds that form the fohn family, which includes
the Swiss and Austrian fohns, the chinook of the Rocky Mountains,
the Santa Ana of Southern California, the zonda of Argentina, the
puelche of the Andes, the Canterbury north wester of New Zealand,
and others. As the wind rises over mountain slopes, it expands, cools,
and loses moisture through condensation. As the wind descends the
other side of the mountain, it is dry and becomes hot by compression.

NAMED STORM
A hurricane or a tropical storm.

NAMED STORM DAY
Four 6-hour periods during which a tropical storm is observed or
estimated to have attained tropical storm or hurricane intensity winds.

NOR’EASTER
A cold, violent wind; of the same family as the blizzard. It is typical of
New England, blowing in from the northeast.

NORTHER
A wind generated by a low pressure in Texas or in the Gulf of Mexico,
pulling cold polar air from the north. The norther lasts for about one day.

PRESSURE
Air pressure in excess of or less than ambient. Negative values are less
than ambient, positive values exceed ambient.

RIDGE

In meteorology, the opposite of a trough—an elongated area of rela-
tively high atmospheric pressure, commonly used to distinguish this
from the closed circulation of an anticyclone; a ridge may include a
High, an upper-air ridge may be associated with a surface High, and a
High may have one or more distinct ridges radiating from its center.

ROUGHNESS LENGTH

A theoretical quantification of the wind-turbulence-inducing nature of
a particular type of terrain.

SAFFIR-SIMPSON HURRICANE SCALE
A numerical scale used to rate the intensity of hurricanes from 1 (least
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intense) to 5 (most intense). The scale considers factors such as wind
speed, type and intensity of damage, and height of storm surge.’

SANTA ANA

A dry, hot, northerly or northwesterly descending wind, blowing into
the Los Angeles basin from the Mojave Desert in southern California.
It is the cause of the very warm winters in this area.

STANDARD EXPOSURE

The conditions under which official wind speed measurements are
made. In particular, standard exposure means an anemometer height
of 10 meters (33 ft) in flat, open terrain typical of airport locations.

STORM SURGE

The gradual increase in coastal water depth as a hurricane approaches
land. The increase in depth depends on several factors, such as wind
speed and direction, barometric pressure, coastline geometry, and nor-
mal water depth.

SUSTAINED SPEED

The wind speed averaged over a period of one minute. Unless stated
otherwise, a reported wind speed is assumed to be a sustained speed.
In parts of the world outside the U.S., averaging time corresponds to
10 minutes; in Canada an hourly mean is used.

TORNADO

A very intense funnel-shaped storm (vortex) with a diameter that is
typically less than 1,000 ft. The tangential speeds in a tornado are the
highest known wind speeds and may exceed 200 mph. Although tor-
nadoes usually are associated with intense thunderstorms, they can be
spawned by hurricanes.

TRADE WIND

A prevailing wind blowing over the ocean in a belt extending around
the world from 30° south latitude. In the Northern Hemisphere, this
wind blows in a northeasterly direction, while in the Southern
Hemisphere, its direction is southeasterly.

TROPICAL CYCLONES
The general term for cyclones that originate over the tropical oceans,
from tropical disturbance to hurricane or typhoon.

TROPICAL STORM
A tropical cyclone with maximum sustained winds between 39 and 73 mph.

TROUGH

In meteorology, an elongated area of relatively low atmospheric pres-
sure, commonly used to distinguish this from the closed circulation of
a cyclone; a large trough may include one or more Lows, an upper-air
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trough may be associated with a lower level Low, and a Low may have
one or more distinct troughs radiating from it.

TYPHOON
A hurricane on the Pacific Ocean.

V ZONE (COASTAL HIGH HAZARD AREA)
Encompasses areas within the base flood boundary subjected to veloc-
ity wave action of three feet or more in height. The coastal V Zone
presents an extreme hazard to life and structures because of the high
water velocity and additional forces resulting from the wave action.

WATERSPOUT

A phenomenon similar to a tornado only less violent and destructive.
Forming over water, it consists of winds spiraling around a fresh- or salt-
water core due to vapor condensation that rises into the funnel-shaped
mother cloud. When water spouts form over the ocean, only the first few
feet of the spout contain salt water sucked from the sea’s surface. Spouts
can occur on lakes as well and can travel on land for short periods of time.
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E

EIFS (Exterior Insulation Finish Systems) 34, 64
El Nifio 73

essential facilides 7, 51, 54, 57-58

extratropical cyclones 10, 13

F

Factory Mutual 56

FEMA  22,23,25,29,33,35,37,42,44-49, 57
flashing  55-56

flutter 21, 55

foehn wind 12, 73-74

Fujita Scale 16, 74

H

high rises  62-65

Hurricane Alicia 26

Hurricane Andrew 22, 25, 29, 33, 35, 40, 42, 47, 48, 56, 64

Hurricane Bertha 40

hurricane clips 42, 49

Hurricane Elena 24, 26, 27

Hurricane Gilbert 11

Hurricane Hugo 17, 40, 56

Hurricane Iniki 13, 35-37, 45, 48, 64

Hurricane Iwa 13, 30, 31

Hurricane Marilyn 47

hurricanes 5, 6, 10, 11, 13-15, 19, 21, 29, 36, 38, 56, 58, 59, 74, 75, 76,
77 :

HVAC units 57

1
insurance 7, 67,70, 71
internal pressure 21, 24-26, 42, 52, 59, 60

J
John Hancock building 20, 62

L
load path connections 48
localized downbursts 9

M

Marshall, Richard D. 47
masonry walls 27, 34-35, 51-52
mean return period 17

Mehta, Kishor 61

metal buildings 7, 58, 59, 60
mountain down-slope wind 12
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N

National Evaluation Service 69

National Research Council 68

National Roofing Contractors Association 40
National Weather Service 12, 14 '
near-surface wind 9, 13

negative pressure 22, 23, 24, 28, 29, 63
Newman, Alexander 58

Nor’easters  11-12, 13

NRCA Roofing and Warerproofing Manual 40
NRCA Steep Roofing Manual 40, 41

P

parapet 56, 57, 64

peak gust 12, 14, 20

Perry, Dale 47, 58, 61, 64

pole-house building 42

positive pressure 22, 23, 24, 25, 63,76
precast concrete 54, 64

pre-engineered metal buildings 7, 58, 61
prescriptive code 68

Professional Roofing 41, 55, 56

R
residential 7, 16, 19, 23, 31, 40, 45, 49, 51, 72
resonance 21
return period 17,72
roofs
drainage 57
framing 37,39, 53, 54

gable 29,37
low-slope (flat) 23, 24
rakes 41

ridge  23-24,42

shed 24

single-ply membrane 56
single-ply roofing system 54, 55, 56
steep-slope (pitched) 23

S

Saffir-Simpson Scale  14-15, 17,76

SBC (Standard Building Code) 42
SCBBISST 12-97 47

seawall 31

sheathing 23, 27, 34, 36-37, 40, 41, 42, 53, 58
shutters 46, 47, 57

Single-Ply Roofing Institute’s Design Guide 56
Smith, Thomas 40, 42, 53, 54, 55, 56

soffits 43

South Florida Building Code 46, 52

standing seam metal roof system 59

strut purlins 61

Buildings ar Risk: Wind Design Basics for Practicing Architects
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T

thunderstorms 12, 13, 19, 76

tiles 36, 40, 56

tornadoes 'S, 11, 12, 15, 16, 19, 21, 58, 77
tropical cyclones 10, 13, 77

v

UL 580 61

Underwriters Laboratory 56
Uniform Building Code 67

v :
vibration 20, 21
vortex shedding 21

w
Wind Design Guide for Edge Systems with Low Slope Roofing Systems
wind tunnel testing 29, 62-63
wind-borne debris 20, 21, 26, 36, 46, 47, 64
windows
installation 45, 46
jalousie 47
residential ~ 45-47
World Trade Center 20, 63
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