
In the US, extreme wind storms include hurricanes and tornados. A
hurricane is defined as a wind strom, initiated east of the international
dateline, having wind speeds in excess of 64 knots (33m/s). The same storm
spawned west of the international date line is labeled a typhoon. These
storms commonly occur during late summer and early fall along coastal
regions of the Atlantic and the pacific Oceans. They can carry wind speeds
in excess of 62 m/s over a path width of 75km. Tornados generally have
much smaller foot prints than hurricanes, rarely exceeding 1 mile in width
with path lengths less than 15km although some have traveled as for as
450km. They can include wind speeds exceding 90m/s but the low
probability of occurrence within any square mile (1 in 700) make them much
less of a concern than hurricanes. Due to’ the much larger area covered by
hurricanes, they normally cause twice the damage of tornados in any one
year and over 160 times the damage of severe winds(<33m/s).

This presentation provides a brief overview of wind forces and the
damege they can cause to light-frame residential sturctures.

Discussion includes construction details which can be used to significantly
reduce if not totally avoid building system failures attributed to extreme
winds.
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INTRODUCTION

In the US, wind is the most commin, and the most costly cause of
damage to buildings. Over a 7 year period from 1986 to 1993 extreme wind
damage cost $41 billion in insured catastrophe losses as compared to $6.8
billion for all other natural hazards combined. Reasons given for these losses
include: increased development in high risk areas, a lack of awareness of or
failure to follow recommended construction practices and the introduction of
new and unproven materials.



LIGHT-FRAME STRUCTURES

The term light-frame is generally applied to assemblies framed using
“dimension lumber” or wood of varying widths having a nominal thickness of
51mm (2 inches). Most residential structures and a large portion of the light
commercial buildings in the U. S. fall in this category. Other names
commonly used to identify this class of construction include “stud-frame” and
“stick-built”. These names refer to the use of many small (38mm × 89mm ×
2.4m) pieces of wood (“studs”) to build a skeletal framework. This skeleton
is covered with a protective, insulated skin which serves as a protective shell
for the building as well as its occupants.       The skin material and its
connection to the framing play an important role in the buildings resistance to
wind.

Conventional light-frame residential structures evolved with little concern
for aerodynamics. These buildings generally somprise straight flat walls
shich meet at 90° comers. The roofs also comprise planar elements, set at
slopes generally exceeding 14° to the horizontal, which meet at a sharply
angled ridge. Roof overhangs have been accepted as a means of shading
windows and protecting siding from the sun during the hot seasons. These
details often promote turbulence and stress concentration which may initiate
failure of cladding or roofing.

WIND PRESSURE

The wind force that a building must resist varies with location, as well as
building configuration. In the U.S. the ASCE 7 standard (ASCE 1995) is the
principle reference used to establish design loads for buildings.
ASCE 7 recommends the use of equation (1) to calculate the velocity
pressure This expression gives the dynamic pressure derived from
Bernoulli’s equation for ideal fluids. In the latest draft of the ASCE 7
standard, velocity pressure calculations have heen modified to reference a
wind velocity determined as the fastest 3-second gust rather than the “fastert
mile” of wind. The value chosen as “basic wind speed” is intended to
represent wind at 33 feet above ground with a recurrence probabiliyt of 0.02
(50 year recurrence) (V(m/s)). In fighly populated areas, local building codes
may change the basis for wind speed to a 1000 reat recurrence.
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In addition to deriving a velocity pressure from wind speed, equation 1
adjusts the pressure for exposure (building height and surrounding
obstructions) (kz), topography(KZT) and the life safety importance(I) of the
building

(1)

The exposure coefficient Kz depends on the exposure category and
building height (z). The value of Kz is derived using equation (2). Exposure
categories along with valuse for parameters a and zg of equation (2) are
given in Appendix A. For buildings less than 4.5m tall, the value of z is
assumed to be 4.5m.

(2)

The majority of single family light-frame structures built in Kirea will be
under 9m and will be located in. areas falling under categories A or B.
Therefore, the value of Kz will renge from .3 to .7.

Topographic adjustments Kzt are intended to account for the aerodynamic
effects of terrain for buildings built on the upper half of hills or on the edges
of escarpments in exposure categories B,C jor D. They are not required
when the height of a hill is less than 4.5m, for exposure D, less than 9m for
exposure C or less than 18m for exposure B. Details for the derivation of
these valuse are given in the ASCE 7-95.

The importance factor is generally taken as 1.0 for residential structures.

The design wind pressure for a buildign includes adjustments for pressure
variations and gust effects (G). For the main wind resisting system, the
design wind pressure p is calculated using equation (3).

(3)

where
q = velocity pressure

qz for windward walls at height z
qh = velocity pressure for leeward wall and roof elevated at mean

roof height
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Gh = gust response factor at mean roof height
Cp = external pressure coefficient
GCpi = internal pressure combined with gust response factor. For

residential structures, this value is ±0.18. In hurricane zones
where V > 49 m/s, it is +.80, -.30. The plus or minus signs
mean the load could act toward or away from the interbal
surface.

In the case of components and cladding, qh is the preswsure at mean roof
height under exposure condition C, regardless of terrain roughness.

Gust factors (G) account for the additional loading effects of wind
turbulence over the basic wind speed and dynamic amplification of structures.
The gust effect adjustments are .8 for exposures A and B and .85 for C and
D. As the basic wind velocity is based on a 3 second gust, these gust
adjustments reduce the effect of an assumed distributed load over a large
surface.

The Building Code of the Republic of Korea(1995) defines the design wind
pressure by equation (4). Althought equation (4) uses the same parameters
as equation (2), the basic wind speed is not determined in the same manner
as that reported in ASCE 7 for
the US.

(4)

The Korean building code
gives three wind speeds zones :
“inland region“ (35 m/s),
“Coastal I” (40 m/s) and
“Coastal II” (45-m/s). Specific
cities listed in each of these
zones are shown on a wind
isocline map of Korea in Figure
1. These wind speeds are
determinde on the basis of the
fastest kilometer of wind to Figure 1. Wind load contours for South

pass a fixed point. This Korea.
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average speed of wind is less than that measured in a 3 second gust
adjustments, increase the design wind pressure over that estimated using the
Korean basic wind speed.

EFFECTS OF BUILDING SHAPE

Abrupt transitions between adjacent surfaces, commonly found in
light-frame residential buildings give rise to stress concentrations resulting
from turbulence and wind shedding. The ASCE-7 code provides pressure
coefficients, combined with gust response factors(figure 2) in equation (3), are
used to account for local pressures at wall comers, eaves, roof comers, and
ridges. For roof pitches in the range commonly used for residential
structures, wind forces oriented normal to the ridge of the roof will cause
uplift over.

Figure 2. Wind gust adjustment factors.
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COMMON CAUSES OF DAMAGE

A major portion of the damage due to extreme winds results from one or
more of four basic weaknesses in the building construction. These
weaknesses involve the attachment of roofing to the roof sheathing. the
sheathing attachment to the roof framing, rake overhang details, and
attachment of internal partitions to the external walls. Damage resulting
from flying devris (missiles) that
penetrated the outer shell of
many buildings also contrivytes
significantly to the extensive
damage and to system failures.

Roofing

The most commonly observed
damage to houses subjected to
extreme winds (Meeks, and
others, 1992, Keith and Rose,

Figure 3. Wind uplift forces greatest at

1992). is the loss of  roofing
eaves and. along ridge

materials. In the case of
burricanes, the winds are often
accompanied by large amounts of
rain. The loss of roofing leaves
many buildings extensively
water-damaged. Water seeping
through the gaps between the
sheathing saturates insulation and
ceding drywall, causing it to
collapse. Damage to interior
finish materials is likely to be
extensive.

Composition shingles are
rerely rated for wind speeds
faster than 32m/s. They are  Figure 4. Shingles stripped from roof

normally fastened to the roof while felt remains over 60% of the

over “15-lb” (.73 kg/m2) felt surface. Sheathing pulled from high

using pneumatic staple guns and pressure area over the rake.
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the exposed shingle
tabs are glued to the
shingle under them
with a heat activated
bituminous adhesive.
Once the wind
manages to break the
adhesive bond, tabs
lift up exposing
surface area to the
wind. The shingles
bend at the

Figure 5. Tiles not properly fastened to roof become

attachment and tear
wind blown missiles.

away. It is not uncommon to see shingles completely stripped from a roof
(figure 4) while the felt remains in place. The felt has a continuous edge
rather ahan intermittent tabs and is often fastened with a nail or staple
through a light gauge sheet metal plate 5 cm in deameter, distributing
hold-down pressure over a larger area.

Asphalt shingles are not the only form of roofing removed from buildings
(figure 5). The clay or cement tiles are also either partially of totally
stripped. These types of roofing are sometimes applied using cement mortar
on an 80-lb (3.89 kg/m2) felt “hot mopped” to the roof. The cemnt deeps the
tiles from sliding off the roof but in time the grip weakens and the uplift
force from an extreme wind will pull them off. While these roofs still
function to shed water, the missiles they release are a htreat to neighboring
jouses.

Roof Sheathing

The second most common problem is the loss of roof sheathing. In the
majority of cases, the loss of sheathing coincides with high pressure areas
such as eaves and ridges. The loss of roof sheathing is often attributed to
either inadequate nailing (Meeks, and others, 1992; Keith and Rose, 1992) or
to the use of pneumatically driven nails with too small a nail head. In the
latter case, failure is due to nail-heads being pulled through the sheathing.
Building codes require 6d common nails spaced 15 cm on center along panel
deges and 30 cm on the interior.
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Openings in the building shell
also contribute to sheathing
losses. Openings on the
windward side of a building will
lead to pressurization (figure 6).
Internal pressure, coupled with
external suction, adds to the
withdrawal force on sheathing
fasteners. This is accounted for
in equation (3) provided the

Figure 6. Openings may lead to
pressurization or depressurization of the

correct combined gust and building.
pressure coefficients are applied.
When the openings are on the leeward side of the building, the result is a
drop in pressure on the interior, which can pull ceiling materials away from
the framing.

Openings commonly caused by extreme winds are often due to. missile
damage as well as failure of garage and patio doors. In most cases. holes
made by missiles occur on a windward roof slope. However, unprotected
windows are also a prime target. Steel garage doors held in place by roller
bearings in a track are often knocked out of their tracks  or the tracks are
detached from the building frame. Patio doors are often installed with an
insufficient number of fasteners, causing the doors to be blown out of the
wall frame. In all cases, such breaches of the external shell open buildings
to wind-blown debris and pressurization.

Roof Overhangs

Roof overhangs are often the cause of extensive damage in extreme
winds. The overhang along a gable end on the windward end of a building,
if ont properly fastened to the building can precipiate the loss of sheathing
from the end of the building. Such overhangs often range from 23 cm (9
inches) to 0.61 m (2 ft). In addition to serving an aesthetic function, the
overhangs shade the building windows and finish from the sun and rain.
Heavy winds, however, apply uplift force on these overhangs and in some
cases tear the overhang off. When this happens, the first row of roof
sheathing is normally taken off, opening the building to wind-blown debris
and rain. The end sheathing often serves as bracing for the gable end as
well. When it is removed the gable end may fall.
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Two types of overhang
configurations are commonly
employed on gable end roofs(figure
7): the "ladder" and the "lookout"
detail. The ladder, commonly used
for overhangs less than 0.30m (<1
ft) in length, consists of two rails
face-nailed to the ends of
dimension lumber "rungs" to from
what looks like a ladder. This is
then face- nailed along the upper Figure 7. Common roof rake overhang
edge of the gable end to form the details.
“rake” overhang. The lookout
detail, commonly used for overhangs > 0.30m (>1 foot), consists of “lookout
rafters” end-nailde to the first rafter or truss top chord and extended across
the top of the gable end. In this case, the top plate of the gable end is
lower than the top of the rafters by the depth of the lookout. For this
reason, some contractors call this a drop gable detail. The lookout rafters
are fastened to the gable end using steel straps or wind clips and a “fly
rafter” is face-nailde to the ends of the lookout rafters.

System Interactions

System interaction is an important factor when evaluating the performance
record of light-frame residential sturctures. Despite the fact that interior
walls are often considered to be nonstructural, they do provide lateral support
for the exterior “structural” shell. A 10-m (30-ft) - long 127-mm
(5-inches)- thick by 2.4-m (8-ft)-high shear wall that is connected only at
its ends has insufficient lateral stiffness to resist an outward or inward thrust
caused by wind pressure.

Mixing steel and wood framing can lead to weakness in the building
envelop if not detailed properly. In some cases, contractors use steel studs
for interior aprtition framing due to their ease of use. Steel. however, does
not provide the insulative value of wood, giving wood an energy advantage
as framing for exterior wails. While non load bearing interior partitions are
considered “non-structural”, they do constibute to the overall integrity of the
building envelope. If steel framed interior partitions are not properly tied to
the exterior wood frame wails. pressurization resulting from extreme winds
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and any breach in the
building envelope, may
cause end walls to bow
outward and be ripped off
the building. Figure 8
shows an example of such
a building. In this case,
the building lacked the
system redundancy
traditionally relied on for
structural resistance to Figure 8. End wail improperly fastened to
wind pressures. interior partitions.

CONSTRUCTION RECOMMENDATIONS

The roofing industruy has responded to criticism about the performance of
compostion shingles by pointing out proper application methods for heavy
wind areas. In these areas, they recommend that roofing cement be used to
seal the edges at the roof eaves and rakes (figure 9). They recommend the
use of six roofing nails/ shingle rather than four nails or staples.

As for sheathing attachment,
a recent study conducted by the
American Plywood Association
(Cunningham, 1993) suggests that
the current nailing
recommendation of the SFBC
needs to be modified to resist
the forces of a 53 m/s (120mph)
wind. These results appear to
be substabtiated by data collected Figure 9. Shingle attachment for wind
in Dade County as well as by prone areas.
tests of panels over a vacuum
chamber. As a result of the study by Cunningham, APA plans on changing
recommended nailing schedules to require 8d nails spaced 15 cm(6-inches) on
center throughout the panel with nails 10 cm (4-inches)in endter over the
gable end and 15 cm (6-inches) on center over 2x4 girts used to tie the two
end trusses to the gable (figure11). The result of this change will be about
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a 50% increase in the cost of nails.

To help prevent pressurization caused by missiles breaking through
windows, it is recommended that houses be built with shutters that can be
locked shut over the windows in the event of a hurricane. Taping windows
before a storm helps alleviate the problem of shattered glass, but it will not
prevent breakage. Plywood placed over their windows helps only if hte
plywood is adequately fastened, Otherwise, the plywood will just add to the
problem of flying debris. It is important to have a dependable shield over
windows.

Patio doors should be properly nailde to the wall frame to prevent them
from being blown in. A patio door with an area of 3.7=m2 (40 ft2), under a
pressure of 2.4Kpa (50 lb/ft2) (windspeed = 53 m/s) must resist a force of
276-N (2000 lbs) (NFPA, 1991). Patio doors are normally installed in an
opening which is 12mm larger than the door frame, by nailing through wood
wedges placed between the door jamb and the framing to compensate for a
slightly out of square opening. Using a 16d casing nail with a design lateral
resistance of 26N (192 lbs) in southern pine, nail/wedge- connections spaced
50 cm (20inched) apart around the perimeter of the door jamb would be
needed to adequately resist the lateral pressure.

Interior partitions should be attached to exterior walls to provide lateral
support against outward pressure. Gypsum wallboard attached to wood
framing has been shown to have a racking resistance in the range of
4.53-N/m (100-lbs/ft) (Wolfe. 1983). This may not be applicable to steel
framing, which is more prone to twisting and buckling, but it should be
evaluated. If gypsum on steel framing does not provide adequate diaphragm
stiffness, the steel frames should be built with diagonal bracing and rigidly
attached to exterior walls.

FURURE DEVELOPMENT

Other topics that may require further research deal with other topics that
may require further research deal with aerodynamic designs of buildings in
heavy wind areas. Many people feel that the hip roof is better suited to
these areas than a gable end because the framing at the end of the building
is tied together better and the form of the hip does not incur the turbulence
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encountered by a
generally perform

gable end.
better than

Rounded structures
rectangular pitched

wind areas. It may be advantageous to develop

such as Geodesic Domes
roof structures in heavy
arched roof shapes with

continuous membranes or to explore further development of foam roofing
which rigidly adheres to the roof sheathing, offering few discontinuities in the
surface.

CONCLUSIONS

Strict adherence to established wind-design codes and standards is the
first step to assuring minimal loss due to extreme wind loads. It is
economically feasible to construct wood frame buildings to resist hurricane
force winds: especially when we consider the individual as well as societal
costs incurred as a result of past hurricane damage(AF&PA, 1995). Future
projections regarding population growth in high risk coastal areas add
emphasis to the importance of enforcing sound construction practice.

Special attention should be given to connections design of building
projections and protection from wind blown debris. The loss of roofing, roof
sheathing and building overhangs are the most prevalent causes of damage in
heavy winds. Loss of these materials open buildings to water damage and
releases missile to damage neighboring buildings. Interior partitions properly
attached to the building shell also improve building resistance to wind
induced pressures.
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US WIND EXPOSURE CATEGORIES AND COEFFICIENT
PARAMETERS

APPENDIX A

APPENDIX B

KOREAN EXPOSURE CATEGORIES AND ADJUSTMENT
PARAMETERS

-13-



References

-14-






