Elements of Hurricane
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This article is Chapter I of the Hurricane Resistant Construction Manual recently published by

SBCCI. It is available for $35 (members) or $45 (non-members) from the SBCCI order department.

Introduction

The most important step in the design
and construction of a building is the
determination of the types and
magnitudes of natural hazards that will
mpact 2 building during its kfetime. On
much of the Gulf of Mexico and Atlantic
coastlines, hurricanes, with their
associated high winds greater than 74
mph, storm surges, and large waves are
the hazard of greatest concern.
Earthquake hazards must be accounted
for in a hmited number of coastal areas,
such as in South Carolina. North of South
Carolina, winter storms, or nor'easters,
can be equally or more damaging than
hurricanes because of their greater
frequency, longer duration, and their high
erosive impacts on the coast. Although
earthquakes and nor'easters are
important to consider, this manual is
limited to and specifically addresses the
problems of hurricane-resistant design
and construction for residences and small
commercial structures.

Once the hazard is identified, it is then
necessary 1o establish desian criteria for
the building. To establish these criteria
some statistical analyses are necessary.
In the case of hurricanes, many of the
analyses have been made, including
recurrence interval, wind velocities, storm
surge, and wave heights.

Recurrence Interval

Building codes require a minimum
design condition using a wind speed based
on either a 50 year or 100 year mean
recurrence interval (MRI). The recurrence
interval is based on records maintained
over a long period of time. For example,
if records were kept between 1885 and
1985 and a wind veloaity of 100 mph
occurred in the years 1934 and 1936, the
recurrence interval would be 50 years for
2 109 mph wind. A 50 year MRI means
that each year there is one chance in 50
that the mapped wind speed will occur.
While one chance in 50 seems small at
first glance, the probability of such a storm
over the lifetime of a residence or other
building is cumulative. Statistically, the
probability of a 50 year storm hitting in
any 50 year time period is about two
chances in three. Table 1-1 indicates the
probability or percent chance that events
of different sizes and ranty will occur at
least once in a 10- to 70-year period. Note
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TABLE1-]
OCCURRENCE PROBABILITY

Probabiiity of Events Occuring in a 10 - 70 Year Perlod

Event Percent Chance of Occurring st Leest Once In
Annual Probability 10yrs 20yrs 30yrs 50 vrs 70 vrs
10-year 65% 88% 96% 99% 99.9%
25-year % 5% n% 87% 9%
50-year 18% 3% 45% 64% 76%
100-year 10% 18% 26% 39% 51%
150-year 06% 13% 18% 29% 3%
200-year 05% 10% 14% 22% 30%

that even for the extremely rare,
catastrophic event such as a 200-year
storm, the probabilities are nearly 3 in 10
{30%) that the event would occur in a 70
year building lifetime.

Generally a residence lifetime is
expected to be approximately 70 years.
If a residence is to be designed for a 100
year recurrence interval, the chance of the
residence experiencing the storm during
its expected lifetime is 51 percent, and the
same residence for a 50 year recurrence
is 76 percent.

A 100 year or 50 year recurrence may
sound like a severe design condition for
a building. However, when one considers
that a building has a 50 per cent or 75
per cent chance of being required to resist
these loads, it is a very reasonable
minimum standard. In fact, a building
design for loads in excess of these
minimum values may be a wise
investment.

Winds

Wind velocities have been recorded for
more than a century at weather stations
throughout the United States. Most of
these stations are located several miles
mland from the coast. Ground surface
friction is much higher than water surface
friction, and as a result, the wind velocities
at the inland stations may be considerably
less than those at shorelne sites. This
difference can be as much as 30 percent
for sites 5 to 7 miles inland. Most wind
velocities shown in codes have accounted
for this difference. Maps indicating the
wind velocities for 100 and 50 year
recurrences are shown in Figures 1-1 and
1-2, respectively. Comparing two maps for

Key West, Florida, the 100 year interval
map (Figure 1-1} shows a design wind
velocity of 130 mph, while the 50 vear map
(Figure 1.2) shows a design wind velocity
of 110 mph. It should be noted that
mathematical comparisons between the
two maps cannot be made as the maps
are based on different data.

Generally, local governments adopt one
of the model codes for regulating
construction. Each of the model codes
specify one or both of the Basic Wind
Speed Maps shown in this section. When
both maps are specified, the 50 vear
recurrence interval map is specified for
building heights of 60 feet or less. In areas
where local data indicates the design wind
velocities are different from those
indicated on the two maps, the local
government normally adopts one or two
specific design wind velocities for the area.

The fastest mile wind speed is defined
as the highest speed at which a mile of
wind passes a measuring point 30 feet
above the ground. This wind speed differs
from the wind speed reported by the
National Hurricane Center and the news
media. The wind speed reported by the
center and news media is peak gust
associated with a one or two second
averaging time. Tius means that a peak
gust of 100 mph would pass a given point
in one or two seconds, while a fastest mile
wind of 100 mph will take 60 seconds to
pass the same point. Obviously
considerably more total force must be
resisted by the building impacted by 100
mph fastest mile wind, than a building
impacted by 100 mph peak gust. This
results in reported wind velocities being
considerably higher than equivalent
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design wind velocities. The paper “‘_Wind
Speed-Damage Correlation in Hurricane
Frederic” compares calculated equivalent
fastest mile wind velocity to measure peak
gust velocities in Hurricane Frederic. This
comparison in Table 1.2 illustrates a
significant difference in the two types of
wind values.

calculate equivalent fastest mile winds
before changing wind design requirements
in codes.

In the Northern Hemisphere, hurncane
winds spiral counterclockwise around an
eve, a low-pressure area in which wind
speeds are only 10 to 20 mph. The winds

TABLE 1-2
COMPARISON OF REPORTED AND DESIGN
Design
Reported Calculated
Location Height of Measured® Peak  Fastest Mile®
anemormeter Gust, in miles Speed, miles
in feet per hour per hour
1 Gulfport Civil 89 95 79
Defense
2 Ingalls Shipyard 33 127 {est) 107
3 Dauphin Island 60 145 106
Bridge
4 Mobile Airport 22 97 87
5 Mobile Civit 75 109 20
Defense
6 Coast Guard Cutter 19 1z 95
White Pine
7 Pensacola Naval Air 75 9% 74
Staton
g Pensacola Regional 2 78 73
Airport
9 Eglin Air Force Base 15 49 50

a. Peak gusis are associated with one to two second averaging time (based on anemometer

and recording system characteristics).

b. Converted to fastest-mile speed at 33 fi. {10 m) above ground in flat, open terrain.
(Source - ASCE Paper “Wind Speed - Damage Correlation in Hurricane
Frederic,” by K.C. Mehta, J.E. Minor and T.A. Reinhold)

Failure to equate reported wind
velacities to the fastest mile wind velocities
has resulted in numerous accusations that
local, state and model code wind
requirements are inadequate. For
example, the peak gust wind velocity at
Dauphin Island during Hurricane Fredenc
was reported at 145 mph (Table 1.2).
When one compares the reported velocity
and the design wind velocity of 110 mph
{Figure 1-1), one would believe that the
hurricane winds exceed the design
requirements. If, however, the peak gusts
are equated to a fastest mile wind, a
velocity of 106 mph (Table 1-2) is obtained
and we find the hurricane winds did not
exceed the design wind requirements.
This example clearly points out the need
for local and state governments to
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are strongest just outside the eye on the
upper right side or quadrant, because the
forward movement of the storm is added
to wind speeds of the storm. The wind
velocities decrease as the distance from
the eye increases. As the eye approaches
a site, the winds increase aradually to a
peak before the eye passes the site, drops
to a calm as the eye passes over the site,
and increases to another but lower peak
on the back side of the eye. The winds
on the back side blow in the opposite
direction to those on the forward side as
a result of the circular wind pattern in the
hurricane. Inasmuch as buildings may be
exposed to winds from several directions
as the storm approaches and passes,
buildings must be designed to resist winds
from all directions.

Storm Surge

As a distant storm approaches the
coast, oceanic swells generated by the
storm cause a slow rise in water level,
known as the “forerunner™; the rise can
be as much as 3 or 4 feet over several
hundred miles of coast. Storm surge is
a rapid nise in water level above normal
water level, caused by hurricane winds
and decreasing barometric pressure.
Storm surge can be pictured as a cone
of water, a bulge caused by the low
barometric pressure of the storm and the
stress or friction of storm winds on the
surface of the ocean. As the hurricane
approaches land and shallow water, the
water level! rises rapidly in a mound above
normnal levels expected for any given stage
of the astronomical tide. Storm surge rises
can range from 4 - 5 feet in a Category
1 storm (74 - 95 mph winds) to greater
than 18 feet in a catastrophic Category
5 storm (greater than 155 mph winds) (See
Table 1-3). Maximum storm surge usually
occurs 10 to 20 miles to the nght of the
storm track; during Hurricane Camille in
1969 maximum surge of 25 feet above
mean sea level occurred about 10 to 15
miles east of the eye's landfall at
Waveland, Mississippi. However,
maximum surge may occur to the left of
a storm if the winds pile water against an
obstruction such as the landward side of
a coastal barrier island.

The shape of the fand and the slope
of the sea bottom are major factors in the
type of a surge created by a storm. Large
open bays in the path or to the right of
the storm will have water pushed into the
entrance by the storm. As the surge
reaches the head of the bay it is
constricted and can only rise,
considerably higher than at the entrance
Water as deep as 10 feet flowed through
and destroyed the Brownwood
Subdivision of Baytoun, Texas at the head
of Galveston Bay during Hurricane Alicia
Bays to the left of the storm's eye will
have water pushed seaward, and may pile
up against or overflow any coastal barrier
in the way. A surge moving over a straight
shoreline piles water up against the
shorelne escaping slowly at each end, or,
in the case of low-lying coastal barriers,
flowing directly over the barrier. Surge as
deep as 6 feet flowed over many parts
of Ft. Morgan peninsula during Hurricane
Fredenc in 1979. In large lakes, water is
piled against one side of the lake and when
the eye passes over, the wind reverses
direction and a larger surge of water is
pushed back toward the other side, as
occurred in Lake Okeechabee in Flonda.

The tide occurring at the time a
hurricane reaches landfall is another
factor when coupled withi the effect of
storm surge. For example, if the range
between low and high tides is 8 feet and
an 8-foot storm surge occurs at low tide,
there would be httle or no net effect from
rising water levels. This phenomenon was
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FIGURE 1-3
EXAMPLE OF TYPICAL FLOOD INSURANCE RATE MAP

{Source - FEMA - FIRM for Carieret County North Carolina, Unincorporated Areas)

basically why the 1984 Hurricane Diana
had such minimum flooding and erosive
effect at landfali in North Carolna. If the
same surge occurred at high tide, the
water Jevel could be nearly twice normal
height for that stage of the tide.

Based on all of these factors, plus the
variable frequency and paths of
hurricanes, predicting storm surges on the
basis of 100 year recurrence is difficult.
Nevertheless, the Federal Emergency
Management Agency has developed flood
plain maps for all coastal areas. In coastal
areas, the velocity (V) Zone and A Zone
indicate the areas that would be flooded
by storm surge. The velocity zone is
defined as an area subject to flooding and
high velocity waves greater than 3 feet high
in a 100 year (one percent chance) storm.
The A zone is defined as an area subject
to flooding and wave action of less than
3 feet in such a storm. A typical FIRM
(Flood Insurance Rate Map} is shown in
Figure 1-3.

Waves
Wind generated waves are formed when
the force of the wind interacts with the
surface and builds in height and depth.
The eventual height of the wave in deep
water is controlled by several factors
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including wind speed, fetch (distance over
which the wind blows), duration of the
storm, and water depth. The faster the
winds, the higher the waves. The size of
a storm also affects the waves. In a large
area, high winds blowing over the same

waves for the entire length or fetch of the
storm cause the waves to continue to build
in height. The time or duration of the
storm in a stationary position also affects
the wave heights. The longer the wind
blows over the same waves, the larger they
can become.

Hurricanes can build waves as high as
50 to 75 feet in the open ocean, where
the water depth can support waves of that
height. Waves could grow even larger in
such high winds, but are limited by the
relatively small area covered by the fastest
winds and the continued movement of the
storm, limiting the duration of waves
building at any one position. On the other
hand, northeast extratropical storms
{nor'easters) can build equally large waves
although they have considerably slower
winds. Lower windspeeds are offset by
very long distances or fetches of fastest
winds and the duration of the storm often
in nearly stationary positions for several
days.

As a wave moves into shallow wafer,
the wave's friction against the ocean
bottom slows the deeper motion of the
wave. The wave eventually reaches an
unstable condition where the top of the
wave is moving faster than the base of
the wave. The top of the wave spills
forward and the wave breaks. The wave
s not destroyed, but reforms a smaller
wave that continues toward the shore unti!
it, too, is forced to break. Measurements
taken in the lab and in the field have
established that a wave is forced to break
when the wave height is approximately 78
percent as high as the water is deep (See
Figure 1-4). The final height of the breaking
wave is generally less than 5 or 6 feet,
The same process fimits the wave heights
on the shoreline even in a 100-year design
storm. However, in design conditions, the
storm surge raises the water level well
above normal, increasing water depth and

FIGURE 1-4 MAXIMUM WAVE HEIGHT
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the size wave that can be supported.

For fiood insurance purposes, the
Federal Emergency Management Agency
dentifies coastal areas subject to wave
action as The V-Zone on Flood Insurance
Rate Maps. the V-Zone is defined as an
areaof i ﬁoodhazardsubjgct tgt.d.:al
flooding with velocity. The designation is
generally applied to areas where the still
storm-water  height {height ) of
astronomical tide plus surge) is sufficient
to support at least a 3-foot wave. The
agency has prepared a practical‘ field
manual for estimating wave heights in the
Atlantic and Gulf Coast regions which is
available to any community or individual
wanting to know the procedures in detail
— “Flood Plain Management: Ways of
Estimating Wave Heights in Coastal High
Hazard Area in the Atlantic and Guf
Coast Regions™, TD-3, Federal
Emergency Management Agency,
Washington, D.C. 20472, April 1981.
Designers and builders should consult
with the building inspection department
to determine the basic flood elevation for
any proposed building site.

Hurricane Scale

Historical accounts have characterized
each hurricane as the worst ever, or
greater than a specific previous storm. In
an effort to better classify 2 storm, the
Naztional Weather Service uses the Saffir-
Simpson Hurricane Scale {See Table 1-
3) to report storms. The scale is based
on three storm variables - wind velocity,
storm surge and barometric pressure.

All hurricanes making landfall cause
damage, 50 no one should be misled by
the hurricane scale. The wind may rapidly
increase or the coastal configuration may
amplify the storm surge level. The scale
should be used for the purpose it was
developed the categorization of
hurricanes all of which may cause
extensive damage.

FIGURE 1-5
RAFTER TO PLATE CONNECTOR

Coastal Construction Practices

Quer the past ten years, numerous
surveys have been made to determine the
primary causes of building failures in
hurricanes. These surveys have identified
2a number of locations where a building
was totally destroyed while the adjacent
buildings incurred only minor damage.
Initially, it was thought the damage was
caused by hurricane-generated tornados
since this non-damage/damage condition
has been experienced in areas hit by
tornados. Further analysis of the buildinas
indicated that the difference occurred as
the result of design and construction
differences. (The building that failed had
inadequate pile penetration whife the

TABLE 1-3
SAFFIR-SIMPSON HURRICANE SCALE

Storm Central
Wind Surge Pressure

Category {mph) {feet) (inches) Damage

1 7495 4-5 =2894 menimal

2 96-110 6-8 28.50-28 91 moderate

3 111-130 9.12 27.91.28.47 extensive

4 131-155 13-18 27.17.27.88 extreme

5 >155 >18 <27.17 catastrophic

{Source NOAA - NWS Southern Regional Technical Report 2)
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building that incurred minor damage had
adequate pile penetration - or - the building
that failed had inadequate connections,
while the shghtly damaged building had
adequate connections.) These surveys
proved conclusively that it is economically
feasible to desian and construct one and
two family dwellings and small commercial
buildings to resist the winds, surges and
waves in most! hurricanes. However,
recent surveys of areas hit by Hurricane
Alicia in 1983, Diana in 1984, and Elena
and Gloria in 1985 indicate that many one
and two family dwellings and small
commercial buildings are continuing to be
designed and constructed with inadequate
attention to hurricane resistant details.

In 2 number of buildings surveyed,
designers and builders incorporated some
hurricane resistant construction details in
the design. The primary problem appears
to be that they were not aware of all of
the requirements, and, like a weak hink
mn a chain, the weak or non-existing
construction deta! allowed the building to
fail. A good example of this was the tying
of the rafters to the top plate with
hurricane connectors and orly nailing the
top plate to the wall studs. Neediess to
say, the roof was blown off with the top
plate stll attached, and with the loss of
the root support, the walls failed (See
Figure 1-5).

Hollow masonry umt block walls of
many small commercial buildings failed for
lack of vertical reinforcement bars in the
walls (See Figure 1-6).



Even those dwellings and other
buildings that had httle or no structural
damage citen experienced internal water
damages from wind-driven rain leaking
around window casements, under or
around sliding glass doors, through gable
end roof vents, or other component
failures. Heavy damage to interior walls,
flooring, floor covering, wiring, insulation,
and interior furnishings can result from
even minor operings of the structure or
from failure of component details.

Dwellings and small commercial
buildings tend to be non-engineered or.
marginally engineered. They continue to
be frequently constructed using
techniques not suited to the wind, surge
and waves ‘associated with hurricanes.
This manuat is developed to provide these
details and techniques to minimize
property losses. The manual is designed
specifically for inspectors, builders,
superintendents and foremen involved in
coastal construction. In addition,
homeowners will find this manual
beneficial, as it will provide them with the
techniques for coastal construction. As
consumers, they will be able to demand
that these techniques be included in their
coastal dwelling.

FIGURE 1-6
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AMERICAN FIRE
SPRINKLER ASSOCIATION, INC.

The AFSA serves its members in education and training plus 5) Has a professional leadership staff

providing course work and gurdance in apprenticeship and 6) Offers professionally written technical manuals
designer training for the fire sprinkler industry TAILORED MEMBERSHIPS
THE AFSA: FULL MEMBERSH!P: Open to instalting fire sprinkler
1) Promotes the automatic sprinkler concept contractors
2} Keeps the industry up-to-date via the monthly Sprinkler  ASSOCIATE MEMBERSHIP: Open to manufacturers and
Age magazine, newsletters and other publications distributors of fire sprinkler products

3} Maintains high standards of service FOR MORE INFORMATION ON AFSA services, products,
4) Offers a recognized Designer School and membership wnite or call:

AMERICAN FIRE SPRINKLER ASSOCIATION
11325 Pegasus, E-109 ® Dallas, Texas 75238  (214) 349-5965




