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SUMMARY
If wood-frame buildings are constructed with

suitable materials and proper fastening methods,
they can generally withstand even the forces of
hurricanes. Therefore, this paper contains details
of construction, including fastenings, to provide
hurricane-resistant wood-frame buildings, Exist-
ing and improved building requirements are
c o v e r e d , as well as two systems utilizing
embedded poles and timbers.
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HOUSES
CAN
RESIST
HURRICANES
by
L. O. Anderson 
and
Walton R. Smith 

FOREST SERVICE
U. S. DEPARTMENT OF AGRICULTURE

INTRODUCTION
Four times a year on the average, hurricanes

rise out of the Atlantic Ocean or Gulf of Mexico
and ravish the east and south coasts of the United
States. Less frequently, they also originate in the
Pacific and strike the west coast.

The toll they take involves many lives and
millions of dollars each year; furthermore, the
figures are likely to grow as the population
increases and man builds more houses and other
structures along the coasts. Is it possible that we
can meet the challenge and reduce this damage?
Can we measure the past failures against the
successes during storms of known intensity and
thus plan for future storms? The answer is yes!

This report is based on a study of hurricane
damage to man-made structures over a period of
years. Not all damage can be eliminated, but a
very high percentage of damage observed in the
past could have been avoided with simple, inexpen-
sive commonsense principles applied to building
construction. Some of these principles are demon-
strated here--especially in respect to the value
of good foundations and the importance of ties
between parts of the structure.

While the contents deal primari1y with
hurricane-resistant construction, most of the
details are also applicable in resisting damage
from tornadoes, floods, and even earthquakes.

HURRICANES AND THEIR DAMAGE
TO STRUCTURES
The Hurricane surges” that cause severe flooding in coastal

areas. They are differentiated from lesser tropi-
Hurricanes are severe tropical cyclones that cal cyclones by the intensity of the wind--

are among the most intense and greatly feared hurricanes being described as having winds
storms of the world (fig. 1). Besides high wind above 74 miles an hour.
and torrential rains, they may induce “storm By contrast tropical storms are classified as

 Forest Products Laboratory. The Laboratory is maintained at Madison, Wis., in cooperation
with the University of Wisconsin.
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Figure 1. --Water, wind, and sand create havoc when
hurricanes move in.

those with winds of from 34 to 73 miles per hour,
and tornadoes as small local whirlwinds with
winds of unmeasured velocity. Tornadoes, how-
ever, are often associated with hurricanes. It is
now well documented that hurricanes spawn tor-
nadoes, usually on the northern periphery of a
hurricane moving east or north and on the
eastern periphery of a hurricane moving west.
These tornadoes create tremendous damage in
their small area of influence, but their course is
not easily determined when other hurricane dam-
age is extensive.

Hurricanes move with a counterclockwise
motion and cover a circular damage area from
30 to 100 miles in diameter, although their total
area may be as much as 500 miles in diameter.
The winds usually vary from 75 to 125 miles
per hour, occasionally reaching 150 miles per
hour and even producing gusts to 200 miles per
hour. The vortex or center, of several miles in
diameter, is calm and moves slowly, from about
15 miles per hour in the tropics to 40 miles per
hour in the temperate zones. Hurricanes are
accompanied by low barometric pressure, usually
under 29.00 inches; the lowest reading recorded
in the United States, 26.35 inches, occurred on
the Florida Keys Sept. 2, 1935, Heavy rains of
from 5 to 10 inches nearly always accompany
hurricanes; sometimes they are as much as
30 inches.

ZM 128 800

The majority of hurricanes occur in August,
September, and October (fig. 2) and they can be
expected with unpleasant regularity from the
Gulf Coast to the New England shores (fig. 3).

Earlier studies of hurricane frequency
revealed that every 100 miles of coastline on the
east of Florida can expect one hurricane every
20 years, and on the west coast of Florida one
every 13 years.

During the 30-year period, 1934-1963, 55 hur-
ricanes and 9,800 tornadoes caused a loss of
6,583 lives and billions of  in property
damage in the United States, table 1  Many
data and recommendations were based on studies
of hurricanes during that period.

Damage to Structures

Hurricane winds usually are not damaging to
structures (except windows and roofing) until
wind velocities exceed 100 miles per hour. When
winds reach 125 to 150 miles per hour, excessive
damage occurs on poorly built structures. Well-
built frame structures on the East Coast of the
United States and the Florida Keys have withstood
dozens of hurricanes with winds exceeding 125
miles per hour.

In an original paper by Richard Gray concerning
the hurricanes of 1920, he wrote, “In Miami,

 numbers in parentheses refer to Literature Cited at the end of this Paper.
 are now reported by classes rather than in actual dollars. A previous climatological summary

of 1956 showed a total dollar damage for the 14-year period, 1942,-1956, to be $2,276,351,500.
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Figure 2. --Monthly occurrence of North Atlantic hurri-
canes--l886-l963. zm 128 640

Figure 3---Hurricanes entering the United States or
passing near the Mainland, 1886-1963. ZM 128 626

3

there were several frame residences, with shingle
roofs, which were erected when the city was
first laid out in 1896. These houses escaped not
only structural damage, but serious water damage,
while many hundreds of concrete block houses
were demolished. . .

““
. . . In Key West, there are a considerable

number of frame buildings that have withstood
all hurricanes of the past 55 years without
serious damage. One frame structure on the
Government Reservation has safely passed
through all Key West hurricanes since 1846. . .
If a building is properly constructed, including
the proper type of roof and roofing material, and
is securely anchored to the proper kind of
foundation, it will not sustain serious structural
damage in a hurricane of major intensity. ”

The most severe damage to structures in
hurricanes is caused when foundations fail or the
structure is torn loose from its foundation, Next
in severity is roof failure caused by improper
ties between the structure and the roof. Less
severe but of tremendous monetary loss are
failures in roofing materials, failures in siding,
broken windows, loss of porches, garages, steps,
chimneys, and minor appurtenances such as
television antennas. A better understanding of
these losses and their causes may be understood
by the observance of past damages.

Foundation failures. --During severe hurri-
canes on the East Coast, like Hazel in 1954,
tidal waves swept beach areas and in some cases
left only bare traces of foundation blocks that
formerly supported houses (fig. 4). In such cases,
the houses often disintegrated as they were
washed against other houses or deposited in
waterways and swamps behind the beaches. Many
houses in beach areas are built on foundations of
treated piling. This is an excellent practice but
of little value when the house itself is not
firmly fastened to the piling with bolts or straps
(fig, 5). Slab-on-ground construction is not suit-
able in sandy areas where water damage is
probable because the undermining action of water
will destroy such foundations (fig. 6) unless they
are supported by deep reinforced concrete
footings.

Foundation piling cross-braced with bolted
members will give rigidity to the structure
(fig. 7). However, cross-bracing with cables
firmly anchored to the piling (fig. 8) offers less
resistance to wave action under houses. Bracing



Table 1. --Loss of life and damage in the United States from hurricanes
and other tropical cyclones, and from tornadoes,
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Figure 4. --Onslaught of a hurricane is evident from
foundations in foreground, houses in background.

ZM 128  805

Figure 5. --Treated piling makes a good foundation but
requires a good anchorage system. ZM 128  140

Figure 6.--Failure of slabs and masonry units by water
undermining. ZM 128 795

Figure 7,--Bolts and nails effectively tie this house to
the foundation piling. ZM 128 793

Figure 8. --Cable crose-bracing adds rigidity without
offering resistance to waves. Also note good practice
of plywood sheathing under the house. ZM 128 799
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with cables also permits the use of turnbuckles,
allowing tightening of cables as necessary.

Structural members of a house can be tied to
a wood foundation in many ways with straps and
fasteners, but bolts provide the best method.

A good foundation must resist other forces
than water and wind. A great deal of debris is
carried by hurricane waves, including broken
piling, parts of houses, uprooted trees, and even
escaped boats, lumber, and logs. Such items
serve as battering rams to beat again and again
on house foundations and siding (fig. 9).

Damage to house siding and sheathing. --Prop-
erly selected and installed house sheathing gives
rigidity to the structure and serves as a base for
fastening the siding. The siding gives additional
protection from the elements and dominates the
appearance of the house. Boards, plywood, wood
shingles, brick veneer, and asbestos shingles are
common siding materials used in beach areas.
Some houses have concrete block walls with no
other siding material, and a few have solid
brick walls, Siding damage from hurricanes is
most common in brittle material like asbestos
shingles (fig. 10). Brick veneer is an excellent
covering for withstanding windblown objects, but
it is subject to failure from water damage
(fig. 11) and it should be well tied to the sheathing
when used.

Because some fiberboard sheathings do not
have high resist ante to impact damage under
wet conditions, it is desirable to use a strong,
rugged siding to provide some protection. In
figure 12 a brittle siding material was destroyed
and water and wind were responsible for failure
of the sheathing. Hardboard sheathing or fiber-
board of greater density than regular insulation
board would be more resistant to such damage.

Although windblown objects and water from
tidal waves are the most common causes of
damage to siding and sheathing, some storms
cause tremendous sand movement that fill in
around houses and develop pressures against the
side walls as well as foundations. An unnamed
northeaster struck the outer banks of North
Carolina on March 6, 1962 (7). Although winds
did not reach hurricane force, they combined
with an extremely high tide to move sand dunes
for hundreds of yards inland and caused severe
damage to many houses and complete destruction
of some. Cement block structures gave away
completely under pressure from water and sand

Figure il.--Brick foundations stood up fairly well, but
brick veneer siding suffered damage from water. Diag-
onal sheathing provided excellent rigidity as well as
a good tie between wall and floor framing. ZM 107 016
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Figure 12. --Some types of fiberboard sheathing are inade-
quate when water damage is probable. ZM 107 027

Figure 13. --A northeaster on the outer banks of North
Carolina poured millions of tons of sand against houses
in March 1962. ZM 128 794

Figure 14. --Sand deposits of several feet failed to cause
serious damage to these wood frame and shingle
houses on the outer banks of North Carolina. ZM 128 806

(fig. 13). Wood houses generally stood up quite
well (fig. 14). Good construction practices could
have prevented much damage,

Damage to roofs. --Roof damage is caused
almost entirely by high winds associated with
hurricanes and tornadoes. The most severe
damage to individual buildings occurs with the
loss of the entire roof. In many cases where
walls are well constructed, only the roof goes
but leaves the building interior exposed to heavy
rainfall that causes major damage to furniture
and fixtures (fig. 15).

Often, the greatest total damage in hurricanes
occurs when asphalt shingles and other roofing
materials are blown from roofs, although thereof
sheathing is left intact. Nearly all hurricanes
leave extensive damage of this kind, and the
lesson to owners is frequently overlooked because
they repair the damage following the same
procedures used in the original roofing job, Wood
shingle and built-up roofs show up best in hurri-
cane damage areas while asphalt shingles and
metal roofs give the poorest performance (fig. 16).

How Damage Varies for Tropical Storms,
Tornadoes, and Earthquakes

While hurricanes damage structures by wind
action, flooding, and debris, other natural disas-
ters may also ravage them in characteristic
ways,

Unlike hurricanes, damage from tropical
storms (those with winds from about 34 to 73
miles per hour) is primarily from flooding. The
wind velocities are so much lower than those for
a hurricane that tropical storms cause much less
wind damage.

The most devastating form of windstorm is the
tornado, and few structures are safe in its path.
The vortex of the violently rotating column of air
is much smaller than the hurricane, but on a
local scale the tornado often creates intense
damage from wind and flying objects. Even so,
commonsense principles of good construction
may help (fig. 17).

Damage from earthquakes is caused mainly
by the relentless horizontal and vertical move-
ments of the earth’s surface. But even here, the
value of good construction is apparent. For
example, well-constructed wood houses sustained
the earth shocks of the March 1964 Alaska
earthquake with little or no damage except to
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Figure 15. --When the roof is gone, excessive damage
may be caused by rainfall even though the walls remain
intact. ZM 128 801

Figure 16. --Metal roofs often peel baok in high winds,
ZM 107  OO7

Figure 17. --While no structure is safe from tornado
damage, some well-constructed houses have sustained
comparatively little structural damage in the midst of
chaos. ZM 128 371

Figure 18 .--Although this wood- frame house had dropped
into an earthquake-caused crevasse, only moderate
structural damage had occurred. ZM 126 446

Figure 19---These wood houses moved and settled many
feet during the earthquake without suffering major
damage. ZM 126 437

masonry chimneys and similar nonwood compo-
nents. Only when the earthquake had caused
severe earth failures and slides had some damage
occurred. As shown in figures 18 and 19, even
though they had dropped into deep crevasses or
had been moved hundreds of feet by earth slides,
many wood-frame houses sustained only moderate
damage. Wood-frame houses in adjoining areas
beyond the slides were generally undamaged.
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EXISTING BUILDING CODES IN
HURRICANE AREAS

Building codes have been developed and adopted
throughout the United States to provide certain
minimum standards in design, construction, and
use of materials in buildings. While most have
adequate requirements for nonwood construction,
many are lacking in details required for wood-
frame construction. A later section provides
recommended construction and fastening methods
for wood-frame houses. Many codes are national
in scope, others cover a relatively small area.
In areas where very high winds develop during
storms, provisions are usually made to minimize
excessive damage to houses and other buildings.
Such areas include the Gulf Coast, Florida, and
the Atlantic Coast, which are subjected to frequent
hurricanes. These special building requirements
are applicable to other areas where high winds
occur, but are not expected to provide complete
security in tornadoes.

Local building officials in storm areas will
often adopt a national code which will furnish the
best suited requirements for protection against
high wind damage. However, there is quite a
variation in the amount of information relating to
wind-load considerations. One code, for example,
ignores storm-wind loads. Another advises that
wind loads for unusual exposures be determined
by “prevailing” conditions. A third contains a
load table for inland locations and one for
southern coastal regions. A fourth code supplies
specific load data so that an engineer can design
a good wind-resistant structure. However, for
small buildings such as houses, this added design
cost would place a severe burden on its owner.
Consequently, building officials in several coastal
areas developed special requirements which gen-
erally assure that the structure will have reason-
ably good resistance to the stresses caused by
hurricane winds. Damage caused by flying debris
cannot be eliminated entirely but can be reduced
somewhat by proper selection of materials.

The following paragraphs contain summaries
of construction standards, relating mainly to
wood-frame buildings, which have been obtained
from established building codes of coastal hurri-
cane communities. However, these are considered
somewhat inadequate from the standpoint of wood

construction, mainly because of their lack of
specific details.

Design Criteria for Wind Loads

Wind-load criteria are usually based on a
maximum wind velocity of 120 miles per hour.
However, certain coastal areas of Texas designate
design loads based on winds of 150 miles per
hour.

Low-pitched roofs act as air foils, and proper
design to resist this uplift is an important factor
in the use of correct fastenings.

Wind loads also exert overturning forces, and
anchorage to resist both overturning and uplift
forces must be provided.

Anchorage and Fastenings

Basement or crawl spaces--- Codes specify
that wood columns or posts be anchored to the
footings and the beams they support.

Sills or beams to foundations. --Most codes
require that wood sills be anchored to the
foundation. Usually, l/2-inch galvanized bolts
with nuts and washers are specified with average
embedment in the concrete of 6 to 8 inches.
There is a variation in the spacing requirements
between several codes, however, Spacing varies
from 4 feet on center to bolting at the corners
with 8 feet intermediate spacing.

Wood girders are also anchored to the founda-
tion walls or masonry piers with l/2-inch bolts.

When a driven or jetted pile foundation is
used, sills or girders must be fastened to the
notched piles with two l/2-inch galvanized bolts,

Not directly related to wood-frame construc-
tion, except that it often serves as a support, is
the concrete block or masonry foundation wall.
Some codes specifiy that a concrete belt (poured
concrete cap) be used and be tied to the footings
with two No. 5 steel rods located at the corners
and at 20-foot intervals.

Joists to wall or sill. --Most codes require that
floor joists be anchored to foundation walls or

9



sills in some manner, Several designate the type
of anchor to be used; others are not so specific.
For example, one code specifies that 1/8- by
l-inch metal straps or commercial anchors be
used along every 4 feet of wall; another requires
that a strap anchor be used on every joist. When
wood joists are perpendicular to a masonry wall,
anchors from the wall are fastened to the bottom
of each fourth joist. When joists are parallel,
anchors are carried across three or four joists
and are spaced from 6 to 8 feet apart. Most codes
recognize that the floor systems should be well
anchored in some manner to the foundation wall
or sill.

ing of walls is accomplished with 1- by 4- or
1- by 6-inch let-in corner bracing or the use of
diagonal sheathing or plywood for sheathing. One
code specifies that 25/32-inch tongued-and-
grooved diagonal sheathing be used. Wood parti-
tions meeting exterior masonry walls must con-
sist of doubled studs which are bolted to the wall
with 3-1/2-inch galvanized bolts.

Wall reinforcing. -- Reinforcing or strengthen-

Roof and rafter ties---

Plate to masonry walls. --Wood plates for
support of roof framing are fastened to masonry
walls with bolts embedded into concrete from
12 to 18 inches and spaced from 6 to 8 feet
apart. When wall is hollow masonry without a
cast-in-place beam, bolt spacing is usually 4 feet
on centers.

Roof framing to walls. --Most codes designate
that special fasteners be used to anchor rafters
and ceiling joists or trusses to the walls. For
example, several specify that every other rafter
be fastened to the wall with an approved metal
anchor. Heavy metal strapping or bolts spaced
from 32 to 48 inches apart, and closer when wide
overhangs are present, are requirements of
several codes. Others specify that fastenings
resist 1-1/4 times the uplift pressure. One code
specifies that each wood truss be anchored to the
masonry wall at the point of bearing when a wood
roof is used in combination with masonry walls.
Porch rafters must also be fastened securely to
the plate or beam.

Rafters to ceiling joists. --In untrussed roof
construction, several codes specify that rafters

be tied to the ceiling joists with at least one
1- by 6-inch member on each side and that every
third set of rafters be reinforced thus.

Roof Sheathing

Tongued-and-grooved sheathing in 25/32-inch
thickness or a minimum of l/2-inch-thick plywood
sheathing is often specified for roofs in hurricane
areas.

Pile Construction

Many beach houses constructed along the south-
east coast utilize piling for the foundation and
even as a part of their wall framing system. One
code, in particular, lists certain requirements
for this type of construction, which includes the
following

(a)
(b)

(c)

(d)

(e)

(f)

Minimum height above ground--4 feet
Minimum penetration of piling--equal to
the height above ground but not less than
8 feet when concrete footings are not used.
Piles spaced a maximum of 8 feet apart
for l-story houses and closer for 2-story
houses.
Piles shall be notched and tied to the
structure with two l/2-inch bolts.
Piles should be tied to adjacent piles with
cross bracing consisting of two 2- by
6-inch members bolted to the piles.
Piles may be jetted, but immediately after
jetting, piles must be driven below the
depth jetted to the required resistance but
not less than 1 foot.

Miscellaneous Requirements

One code requires that any anchorage system
used be continuous from the foundation to the
roof. Another states that a 3/4-inch through-bolt
be used at each corner and at 8-foot intervals
unless diagonal wood sheathing is used which
covers both top and bottom plates. The same
requirements hold when the first floor is masonry
and the second is wood frame.

Conclusions on Existing Codes

It can be noted that most codes, especially
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those in hurricane areas, recognize the need for but to the home owner much of the data are some-
additional fastening and anchoring requirements. what confusing. There is a need, therefore, for
Some have more specific requirements than specific details, illustrated for clarity, of hurri-
others. Few, if any, have illustrations which cane construction to further the knowledge of the
show proper installation of the various fastening home owner and builder who wishes to construct
methods. These methods are generally under- a good hurricane-resistant house.
stood by architects, engineers, and contractors,

HURRICANE-RESISTANT CONSTRUCTION
Many types of houses are constructed in the

hurricane areas of the Southeast and Gulf Coast
of the United States. These houses vary from
concrete block and other masonry constructions
to light wood-frame homes. A well-constructed
house with proper fastenings and connections is
able to resist most of the stresses generally
imposed by hurricane winds. The purpose of this
section is to illustrate and describe construction
details and fastening methods which can be used
in conventional wood-frame construction to insure
good performance. All or part of these sugges-
tions may be incorporated into wood-frame and
other types of structures.

While these details to be shown are mainly
aimed at developing hurricane-resist ant con-
struction, they are also generally suitable to
resist such other natural disasters as the earth-
quake. Furthermore, while few light structures
can resist the direct impact of a tornado, good
construction and fastening methods may mean
saving a roof in the fringe areas of such storms,

In a later section, details of a pole-type house
and a pole and timber house will be presented.
These structures are so designed that the poles
and timbers are integral parts of the entire
framing system. Such structures, which are being
used for warehouses, farm, and similar buildings,
have great inherent strength because the poles
and timbers serve as the foundations as well as
the basic framing for the wall and roof systems.

Environmental Conditions

The type of soil encountered on the construction
site often determines the type of footings and
foundations for the house. This usually presents
no problem unless the site is the deep sands of
the outer banks or the coral of the Florida Keys.
The deep sands may require jetted or excavated

pole construction, while the coral may require
that anchored footings or foundations be used.
Like the roots of a tree, the foundation wall or
pier should be almost a part of the earth to
resist the forces of severe storms,

The elevation of the site above normal water
levels is very important. In many storm areas,
especially along the beaches, it is necessary to
elevate the floor framing as much as 8 to 10 feet
above the ground because of high tides and water
elevations during storms. The vertical supports
must be rigidly anchored or buried in the soil,
whether they are reinforced masonry piers or
treated wood piling.

Washing away of sand or soil during winds
and high water must also be considered. Many
reinforced concrete slabs, footings, or grade
beams have failed because the soil supporting
them was washed away, causing failure of the
superstructure,

Protection from floating and wind-driven debris
must also be provided to prevent damage to
pole supports or masonry piers. While such
protection is not necessarily a part of the
structure, a screen of piling, a sea wall, or
other barrier might be considered in shore
areas where such hazards are commonly present
(fig. 20).

Hazards of flying debris such as gravel, tree
branches, and other relatively small objects may
affect the design and choice of material, Incor-
porating closable shutters into the house to
protect windows might easily repay their original
cost by preventing damage. The use of rugged
siding and a roofing that is not easily damaged
may be wise (fig. 10), Good protection is afforded
by rough boards (used vertically), plywood,
shakes, or paper-overlaid plywood for walls,
and wood shingles or shakes, where codes allow
them, for the roof. The selection of a rugged
exterior covering can be an important factor in
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Figure 20---A heavy timber seawall fastened to piling
forms helps to protect beach propertv. ZM 128 230

the overall performance of the house.

Recommended Nailing Practices

The following sections deal primarily with
special fasteners and anchoring methods which
were developed to provide resistance to damages
often caused by hurricane-induced winds. How-
ever, during construction of any wood-frame
house, it is important that good nailing practices
be observed. This is not only desirable because
of increased strength but also from the stand-
point of normal performance of the wood parts.
For example, good nailing of intersecting wall
studs to exterior walls can minimize plaster
cracks at the corner.

The schedule shown in table 2 outlines good
nailing practices for the framing and sheathing
of a wood-frame house. All frame houses should
be nailed at least as well, whether located in
storm areas or not. However, to provide further
strength for houses located in hurricane areas,
additional anchoring and reinforcing is obtained
by use of metal straps and plates, bolts, and
other systems. These are outlined in the following
sections.

While the recommended nailing patterns and
sizes for house framing include common nail
sizes from eightpenny to twentypenny, many
builders prefer to use only eightpenny and
sixteenpenny common nails. This may be done by
logically reducing or increasing the numbers,
For example, (a) if two twelvepenny nails are
listed, two sixteenpenny may be used; (b) if
three tenpenny nails are listed, four eightpenny
may be used; or (c) if twelvepenny nails with

12-inch spacing are listed, use sixteenpenny
nails spaced 16 inches on center. In fastening
sheet materials such as plywood and fiberboard
sheathing to walls, follow the manufacturer’s
recommendations.

Footings, Foundation Walls, Piling

If concrete footings are used to support
masonry, anchors or ties should be provided
between footings and the walls or piers. Con-
crete walls or piers may be used on solid
gound in the South with shallow footings because
frost heaving is not a factor. However, they may
not be satisfactory in beach areas, even when
they extend several feet below ground level,
because of sand washing away from them. It is
good practice to use hooked reinforcing rods, of
l/2-inch diameter or larger, between the footing
and the wall or pier, figure 21.

When concrete block or similar masonry units
are used on solid ground, reinforcing rods should
be used to tie footings to a poured concrete cap,
as illustrated in figure 22. This type of anchoring
system is part of the desirable continuous tie
between roof and footings. Such ties are necessary
to minimize the effects of overturning and uplift
forces. Similar reinforcing is also needed when
block or masonry construction is used as walls
for first-floor construction (fig. 23).

The use of treated piles, poles, or timbers
as piers to provide support for beams and
girders of the floor system requires that there
be sufficient embedment or that some type of
footing be used. Piling without footings is ordi-
narily embedded to a depth of 6 to 8 feet to
provide resistance to bending and uplift (fig. 24A).
A concrete or treated plank pad is sometimes used
as a base. Power-line poles in hurricane areas
are often reinforced with an 18-inch-diameter
concrete collar extending down 2 feet from the
surface.

Short piling or poles used with footings because
of difficult excavation should be anchored in some
manner. Concrete poured as a footing and as a
stabilizer around the pole can also be effective
(fig. 24B). When short poles in square or round
form are supported by a footing, galvanized
straps fastened with bolts or lag screws provide
good anchorage after concrete is poured (fig, 24 C).
Wood or steel posts used to support a center
beam in a basement should also be anchored to
the footings in a like manner.
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Figure 21.--Anchoring footings to concrete wall or pier
on solid ground.

concrete footing.

Figure 22.--Anchoring footings to concrete block wall or
pier on solid ground. ZM 128 630

Figure 23.--Failure to use good ties in slab and block
construction invites wind damage. ZM 119 599

ZM 128 628

Large 6- by 8- or 8- bY 8 - i n c h  t r e a t e d
timbers, onto which are fastened treated mem-
bers, can also serve as efficient footings in
sandy or other light soils (fig.25). Galvanized
“U” straps and diagonals fastened with lag screws
support the posts. Depth of the sill below the
surface should be governed by exposure and need
for protection from sand washing.

Sills, Plates, Beams

Anchoring wood sills or plates and beams to
foundations is another phase of providing a
complete system of anchorage for a wood-frame
structure (fig. 26).

A wood plate or sill on a concrete or masonry
wall should be secured to the wall with galvanized
anchor bolts of l/2-inch diameter or larger
(fig. 27). Bolts should be located at the corners
and on 4- to 6-foot centers along the wall. For
poured concrete walls the anchors should be
embedded 8 to 12 inches into the concrete, In
concrete block walls, the anchor bolts should
extend through the poured concrete cap and into
the poured footing. Hooking the bottom end of
these anchor bolts and filling the block cavities
at these locations will provide good resistance to
uplift stresses. The use of large washers under
the bolt nut is also good practice to distribute
the stresses over a larger area of the wood plate
and prevent failure.

Anchoring wood beams to concrete or concrete
block piers can be done in the same manner as
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described for wood plates. At least one bolt should
be used at each pier and two where a butt splice
of the beam occurs over a pier.

Toenailing wood beams to wood posts does not
provide enough resistance to hurricane winds.
One of the simplest as well as most effective
methods of attaching these members consists of
a heavy inverted “U” strap (fig. 28) or a pair of
straps bolted or lagged to each member. Such
fastening will resist uplift and overturning forces
caused by high winds.

Wood or steel beams supported by wood or
steel posts in basements should also be fastened
together in the same general manner. Steel
I-beams and posts are usually attached by bolting
through the top plate of the post and the lower
flange of the I-beam or by means of metal clips.

Floor Systems

Sill-to-floor framing. --The floor system should
be securely fastened to the wood sill which, in
turn, has been anchored to the masonry wall.
Heavy punched strapping positioned under the sill
before it has been fastened to the foundation can
be used in several ways. After installation and
nailing of joists, stringers, and headers in the
normal manner, the strap is bent up and nailed
on the back edge of the sill (fig. 29A). It is then
bent over the outer face and top edge of the
header or stringer and nailed as shown. Com-
mercial framing anchors are also available for
this purpose. Anchors can be located at every
joist space or alternate joist spaces. Some codes
require that there be such an anchor for each
joist.

Some wood-frame houses are constructed with-
out a wood sill; the joists, stringers, and headers
bear directly on the concrete or masonry wall.
Under these conditions, heavy punched metal
strap should be embedded into the concrete when
the wall is poured with enough projecting above
to allow it to be bent over the joist and nailed on
each side (fig. 29 B). In this type of construction
it is often good practice to use a beam fill of
concrete between joists, which not only seals the
perimeter of the wall but also adds resistance to
sliding or horizontal movement of the house by
hurricane winds.

Another system of strap anchoring can serve
as a tie-down for the wall framing. Punched
straps are located to coincide with the studs and

Figure 30---Foundation-to-wall connections:  straps
nailed directly to studs;  straps nailed through
sheathing into studs. ZM 128 691
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nailed to the header joist as well as to the studs
(fig. 30A).

“When the sole plate for the stud wall is set
back (fig. 30B) to allow for wall sheathing,
strapping should be nailed in place after installa-
tion of the sheathing.

An efficient method of tying exterior walls to
the floor system consists of diagonal lumber
sheathing or plywood sheathing nailed to studs
and joist headers as well as to the foundation
sill (fig. 31). When plywood sheathing is used, it
should be at least 1/2 inch thick for better
lateral resistance of nails. Some codes specify
that diagonal lumber sheathing be tongued and
grooved to add to its racking resistance.

Joists to beam. --While proper anchoring of the
floor system to the outside foundation wall is
perhaps the most important in this area, fastening
joists securely to a center beam in crawl spaces
and basements will aid in resisting hurricane
action. Anchoring the joists to a wood beam is
often accomplished in two ways: with punched
metal strapping or commercial anchors or with
2- by 2-inch wood cleats. After toenailing joists
to the beam strapping should be fastened as
shown in figure 32A. Wood cleats nailed to the
beam and to the joist as shown in figure 32B will
also provide good uplift resistance. For best
results, each crossing pair of joists should be
fastened to the beam in this manner as well as
being nailed to each other.

Joists to masonry wall. --Wood floor joists
used in masonry construction are usually anchored
to the wall with metal strapping. Joists at right
angles to the wall are fastened with 16 gage metal
strapping, 1-1/2 inches wide and 3 feet long, which
has been anchored to the masonry wall (fig. 33A).
Joists parallel to the wall are also fastened to
the wall with strapping (fig. 33 B); strap should be
used each 6 or 8 feet and carry across four
joists.

Subfloor. --The subfloor of a wood-framed
structure should serve as a diaphragm to resist
forces which tend to rack the building horizontally.
Such a subfloor may consist of boards placed
diagonally at a 45° angle or of plywood in 4- by
8-foot sheets. Both types of subfloor should be
well nailed to the floor joists. Blocking between
joists to provide perimeter nailing for the plywood
is good practice. Nominal 1- by 6- or 1- by
8-inch boards or 5/8-inch or thicker plywood
are recommended.

High water driven by hurricane winds can
Figure 33.--Fastening joists to masonry wall:  joists

at right angles to wall;  joists parallel to wall.
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Figure 35. --Connection between interior and exterior
wood frame walls. ZM 128 636

cause damage to unprotected floor framing in
open-foundation houses. The use of plywood to
sheath the underside of the floor joists is often
used to minimize such damage (fig. 8). This
provides further racking resistance to the floor
system.

Wall Systems

The exterior wall of a wood-frame structure
serves many purposes. It supports the loads of
the roof and of the second floor. It serves as a
fastening base for exterior and interior covering
and finish materials. Well braced, it supplies
racking resistance to lateral end thrust, which is
important in hurricane-resistant construction.
In addition to resisting the forces of winds, it
serves as a part of the connection between footings
and roof. Thus, proper assembly and fastening
methods for the walls are significant factors in
hurricane-resistant structures,

Wall sheathing and bracing. --The typical wood
framed and sheathed exterior walls of a house
have adequate strength for almost any wind
pressure likely to occur. More important, how-
ever, is the need for resistance to racking forces
from the action of wind on the adjoining walls at
right angles to it. The sheathing alone or with
supplemental bracing can supply this racking
resistance.

Adequate resistance to racking is provided by
diagonal wood sheathing or by plywood. The
nominal l-inch wood sheathing should be carried
from the anchored sill, figure 31, through the
top wall plate, Plywood in 4- by 8-foot or longer
sheets in 1/2 inch or greater thickness should
be applied vertically with perimeter nailing. The
plywood should also be carried from the sill to
the top wall plate. For greater stability, the
plywood or diagonal sheathing should carry across
corner studs on both sides (fig. 34). The use of
lag screws at the corner will also provide good
anchorage, When other types of sheathing are
used, such as fiberboard in 2- by 8-foot horizon-
tal sheets or horizontal wood sheathing, supple-
mental corner bracing should be placed under
the sheathing. A 1- by 6-inch let-in brace should
be used at all corners of the house and carried
through the bottom plate at a 45O angle. However,
this system requires additional anchoring of the
wall to the floor.

When well anchored, interior intersecting walls
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provide strength to exterior walls as they reduce
the unsupported length, However, positive connec-
tions of interior walls are normally supplied only
at the top and bottom plates. The use of several
pairs of lag screws fastening the edge stud to
doubled outside studs will assure an excellent
tie to the exterior wall (fig. 35).

Stud to sole plate--- Fastening studs to the sole
plate usually consists of nailing into the bottom
ends of the stud through the plate while the wall
frame is in a horizontal position. This is supple-
mented by toenailing after the wall has been
erected. It may also consist of toenailing alone.
Toenailing at this connection provides good resist-
ance to uplift as well as to side thrust. However,
this resistance is greatly reduced when splitting
occurs. Improvement can be obtained by the use
of metal straps and plates.

One-inch-wide, 24 gage metal strapping, used
as shown in figure 36A, provided five times more
uplift resistance than toenailing alone in tests
conducted at the Forest Products Laboratory. A
24-gage metal plate (fig. 36B) had more than
twice the uplift resistance of toenailing alone.

Sole plate to floor system. --The metal connec-
tors in figures 36A and B provide anchorage
between stud and floor plate, and the sheathing
must provide connections between the floor and
wall framing, figure 31, However, a longer metal
plate used over horizontal sheathing and nailed
to both the stud and the header joist (fig. 36C)
will provide improved connections and uplift
resistance. Another type is shown in figure 30B.

Top p late to stud. --The doubled top plate of a
wood frame exterior wall is normally tied to the
studs by the sheathing. Plywood (vertically applied
4- by 8-foot or longer sheets) or boards applied
diagonally provide an excellent connection, How-
ever, when sheathing is not used in this manner,
other means should be employed to obtain the
desired “foundation-to-roof” continuous anchor-
age for high wind resistance.

Punched strap or nailable metal strips may be
nailed to one edge of the stud bent over the top
plate and nailed as shown in figure 37A. Other
metal plates and strapping can be used which
serve to tie the rafter or roof system to the wall
as well as providing connection of plate to stud.

Details of stud and plate connections and wall
sheathing should include the corner brace. This
brace principally provides racking resistance
to the wall at the corners where diagonal sheath-
ing, plywood, or similar covering material is not

Figure 36. --Stud-to-floor plate-to-floor framing
construction. ZM 128 695

used, However, the diagonal let-in corner brace
also provides a tie between the top framing plate
at the corner and the adjoining studs (fig. 37 B).
A 1- by 6-inch brace placed at 45° is Often
specified in high wind zones to provide higher
racking resistance.

Roof Systems

While all fastenings are important in the
development of a hurricane-resistant wood frame
structure, perhaps the most critical are the roof-
to-wall connections. Poor connections are usually
responsible for loss of roofs and other damage
in severe storms (fig. 38). Resistance to forces
on the windward side of the roof must be con-
sidered as well as uplift on the leeward side.
Because of these combined forces, it is imperative
that proper fastenings and fastening methods be
used to minimize damage.
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Figure 37---Top plate-to-stud connection by strap,
by bracing at corner, ZM 128 627

Figure 38. --Inadequate connections of the roof framing to
the wall resulted in the loss of the entire roof. ZM 128 802

Rafter-to-wall strap connection. - - W h i l e a
properly nailed connection between the wall and
roof framing members provides good resist ante
to uplift and thrust forces, it is usually not
sufficient in areas of high winds. The use of
supplemental strapping can improve this joint.
Such a fastening system consists of the following:
(a) toenailing the ceiling joist and rafter to the
top wall plate, (b) nailing rafters and ceiling
joists to each other, and (c) the use of a metal
strap which is nailed to the top of the rafter or
joist and to the edge of the stud below, figure 39.
This combines good nailing practices with addi-
tional reinforcing, assuring high resistance to
hurricane winds. This connection may also be
used for trusses where there is no upper chord
(rafter) extension beyond the wall.

Metal plate connectors. --Formed sheet-metal
plate connectors may be used to advantage in
fastening the roof and ceiling framing members
to the walls. They have some advantages over
the metal strap in that they usually provide
resistance to lateral movement. They may be
formed for doubled members such as the ceiling
joist and rafter or for a single member; both
types providing good nailing to the plate and the
edge of the stud

Double-member plate connector. --Sheet-metal
plate connectors designed to anchor the ceiling
joist and rafter to the wall can be easily made if
they are not commercially available. They are
installed by nailing to the top face and edge of the
wall plate, to the stud below, and to the face of
the joist and rafter, as shown in figure 40. In
addition, the rafter and ceiling joist are nailed
together with tenpenny nails. Toenailing should
also be used whenever possible. These formed
plates can be made for right or left location of
the ceiling joist to the rafter, as shown.

Single-member plate connector. --The use of a
single-member plate connector also includes the
addition of conventional nailing. The connector is
used to fasten the ceiling joist to the wall plate
and the stud (fig. 41). The rafter, in turn, is toe-
nailed to the top plate and facenailed to the ceiling
joist, as shown. This plate connector is also
suitable for several types of wood trusses.

Rafter-to-stud connector. --Another type of
formed sheet-metal connector can be used for
additional anchorage and uplift resistance of the
roof-to-wall. joint. It is used in two ways, depend-
ing on the location of the stud in relation to the
ceiling joist or rafter: (a) When the joist is over
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the stud, the connector should be fastened before
the rafter is in place. It is thus between joist and
rafter and can be nailed to both (fig. 42A).
(b) When the rafter is over the stud, the connector
is fastened after the joist and raker are in place
(fig. 42B). In addition, use toenailing whenever
possible.

Wood rafter and roof bracing. --Special mem-

ties should be used to connect each set of
opposing rafters (fig. 44). Either plywood or
lumber may be used for this purpose. One-half-
inch or thicker plywood or a 1- by 6- or 1- by
8-inch member may be chosen as the gusset
when the connection is near the ridge. A collar
beam tie may be located somewhat below the
ridge with a 1 by 6 or a 2 by 4 member nailed to
each rafter. In 1-1/2-story houses, where finished
rooms are planned for the attic space, the 2 by
4 collar beam also serves as a ceiling joist.

Braced rafter. --A braced rafter is a simple
form of truss, as it reduces the span of the
rafters and ties them to the ceiling joists. In
conventional roof construction, it may be used to
strengthen the roof system in resisting forces
from high winds. For this type of reinforcing,
2- by 4-inch members are nailed to the rafters
and joists, as shown in figure 45. Well-nailed
1- by G-inch members are sometimes used for
short spans when the brace is short and the
length-to-thickness ratio is not great.

Wood roof trusses.--The use of wood trusses
has increased a great deal in the construction of
houses and other frame or masonry units during
the past several years. Their advantages include
rapid erection and closing-in of the house to
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afford protection from the weather as well as
unrestricted arrangement of room partitions.
Their design eliminates the need for load-bearing
partitions.

One of the types which is used extensively for
pitched roofs of moderate spans is the W-truss
(fig. 46). It is fabricated in a number of ways:
with nailed or glued plywood gussets, with metal
split-rings or similar connectors, and with metal
plate connectors. This type of roof provides a
rigid framing system which aids in resisting the
forces caused by hurricane winds. A strong,
reliable wall anchorage system which may include
both nailing and metal reinforcing plates or
straps, is necessary to provide satisfactory
performance.

Low-pitch roofs with wood decking. --In low-
pitch roofs using ridge beams and wood decking,
good connections are important to provide the
strength commonly supplied by ceiling joists.
When deck planks are placed parallel to the
width of the house, they should be well nailed,
with the addition of metal clips, Plates, or
strapping placed at the ridge and at outside
walls (fig. 47).

When spaced beam-rafters are used in this
type of construction, plate connectors or hangers
should be used at the ridge beam for a positive
anchorage (fig. 48). Similar connectors should be
used at the junction of the beam-rafter with the
outside wall.

Commercial Fasteners

The wood industry and manufacturers of various
types of fasteners for wood components have
long recognized the need for special fasteners,
to provide more than the ordinary anchorage.
Thus, special fasteners have been developed
which are similar and serve the same purpose
as those previously illustrated. These commercial
fasteners are often specified in building codes in
the hurricane areas and are commonly available
at local lumberyards or building suppliers. They
often consist of metal plates which are shaped
and prepunched for easy nailing. Their proper
use results in increased shear resistance of the
wood building components.

Metal framing anchors are adaptable to fasten
header and other joists to the bolted foundation
plate. They are also used to provide a positive
tie between the studs and the floor system.
Framing anchors may be used at the top of the
wall for ceiling joist and rafter connections.
Because such anchors are adapted to many parts
of the wood-frame house and because they add
materially to the strength, their use should be
encouraged when hurricane-resistant connections
are desired.

Roof Sheathing

The use of proper roof sheathing will add to the

Figure 47---Connections for wood decking. ZM 128 646
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racking resistance of the roof structure. Boards
applied horizontally on flat or pitched roofs add
little to the racking resistance other than that
provided by the nail couples. Some building codes
credit the use of tongued-and-grooved boards as
adding some resistance. However, the use of
diagonal sheathing provides very high resistance;
it is more than four times as rigid and eight
times as strong as horizontal sheathing
Diagonal roof sheathing is perhaps most adaptable
to flat or low-pitched roofs than to steep roofs.

The use of plywood in 4- by 8-foot sheets
applied with the length across the rafters adds
much to the racking resistance of the roof. In
hurricane areas it is good practice to use 1/2-inch
or thicker material for this purpose. End joints
should be staggered over rafters and nails should
be eightpenny in size for l/2-inch and thicker
plywood. Nails should be spaced about 4 to 6 inches
apart at the end of the sheet and 8 to 12 inches
apart at the intermediate rafter crossings, or as
recommended by the manufacturer.

Roof Coverings

Roof coverings for pitched or flat roofs should
be selected so that high winds do not damage
their capacity to shed water. A poor roof covering
which is destroyed during hurricanes often results
in damage due to entry of water. Thus, the best
designed roof structure is not fully effective

unless it is covered with roofing which can also
resist storm damage.

Wood shingles. --Wood shingles have the ability
to remain in place even during periods of extreme
wind velocities (fig. 49). Shingles should be clear,
edge-grain, in species commonly used, such as
western redcedar, cypress, or redwood. Nails
should be galvanized and long enough to penetrate
through the wood sheathing beneath, two being
used for each shingle. If sheathing is plywood,
nails should be the threaded type. Exposure, for
best results in hurricane areas, should be approx-
imately one-fourth of the shingle length (4 inches
for 16-inch-long shingle) in roof slopes from
4 in 12 and greater.

Wood shakes. --Wood shakes are similar to
shingles except they are normally hand split or
split and resawed, are much thicker, and usually
longer. Consequently, a longer nail is used to
fasten them in place. They should be exposed less
than one-third their length, or about 6-1/2 to
7 inches for a 24-inch-long shake. Most codes
allow the use of wood shingles or shakes in
single-family or duplex units. Some restrictions
are encountered in their use in larger structures.
However, examination of hurricane damage along
the Texas coast, Florida, and the outer banks of
North Carolina has indicated that wood shingles
and shakes resisted storm damage better than
most roofing materials. It is likely that many
existing restrictions will be removed based on

Figure 48---Ridge beam anchorage. ZM 128 631
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their excellent performance.
Asphalt shingles. --Asphalt shingles to be used

in hurricane areas should be exposed a distance
somewhat less than is normally used for this
type. A mastic or seal-tab type or an interlocking
shingle in a heavy grade should be selected to
prevent failure or damage. Best application
includes the use of six galvanized roofing nails
or approved staples for each three-tab strip in
a square-butt shingle. Roof underlay of 15- or
30-pound asphalt-saturated felt should be used.
Double coverage of the underpayment is preferred
for low-pitch roofs.

Built-up roofing--- Flat and fractionally pitched
roofs (less than 2 in 12) are ordinarily protected
with built-up roofs consisting of laminated layers
of 15- and 30-pound asphalt-saturated felt. Inas-
much as these are constructed by bonded roofing
companies, no concern on the application must be
considered except in the use of the surfacing
aggregate, This aggregate should be fully embed-
ded in the surface coating to minimize flying
gravel and subsequent damage to adjacent windows
during high winds.

Other roof coverings. --Roof coverings such
as sheet metal, tile, canvas decking, and the
newer plastics may also be used. As in the
application of all roofing material, care and extra
fastenings should be the rule when hurricane-
resistant construction is desired. Poor fastenings
resulted in the failure of the metal roofing in
figure 16.

Wall Sheathing

The various types of wall sheathing have been
discussed briefly under the wall framing section.
However, further discussions are included
because this covering material is important and
can serve as an excellent tie between the top
plate of the wall and the floor framing.

Nominal l-inch lumber sheathing applied hori-
zontally adds little to a wall beyond providing a
covering and a base for siding. Using this same
sheathing applied diagonally from the foundation
sill plate to the top wall plates not only results
in excellent racking resistance but also in the
desired foundation-to-roof anchorage (fig. 11).
Use of a good system of let-in corner braces
approaches the rigidity of diagonal sheathing but
is not as strong and does not provide a floor-to-
wall connection.

Plywood should be applied vertically in 4- by
8-foot or longer sheets, rather than horizontally.
If perimeter nailing is employed, plywood provides
rigidity and strength about equal to that of
diagonal sheathing. While 3/8-inch plywood is
commonly used for sheathing, l/2-inch and thicker
will provide greater rigidity and strength for
hurricane areas. As in the use of diagonal
sheathing, a foundation-to-roof tie requires that
plywood be fastened to the floor joist headers
as well as the top wall plates. Nails should be
spaced from 4 to 6 inches around the perimeter
and 8 to 12 inches at intermediate studs.

Figure 49.--Every shingle is in place on roof and sides,
although houses around this one were badly damaged, ZM 126  803



Fiberboard sheathing in 4- by 8-foot and
longer sheets applied in the same manner as
outlined for plywood also provides a rigid wall.
However, because high water often occurs during
hurricanes, high-density water-resistant fiber-
boards or hardboards should be used to provide
puncture and racking resistance. As shown in
figure 12, the insulating fiberboard sheathing had
been destroyed after the wind- and water-
propelled debris had broken the brittle siding.

Exterior Covering

Siding or other material used as exterior
covering is normally subjected to damage from
flying debris during hurricanes. Some low-to-
moderate-cost sidings are more resistant to such
damage than others and selection might be based
on these differences. Thin metals are likely to
be easily dented. Brittle composition sidings can
be damaged. Wood siding may sustain dents and
splits, but badly damaged pieces can be repaired
or replaced. Rough-sawn boards, in the various
vertical systems of application such as board
and batten or wood shingles and shakes, may not
reveal minor blows when finished with a stain.
Paper-overlaid plywood of the dense overlay types
has a dent-resistant surface and would also
resist damage from small flying objects. Hard-
boards have also good resistance to damage
because of their density and excellent resistance

to impacts.
While usually more costly than other covering

materials, masonry veneers are quite resist ant
to damage from wind-driven objects. However,
they must be well attached to the house with a
suitable foundation. When subjected to high water
and wind, inadequate foundations and poor wall
ties often result in damage as shown in figure 11.

Exterior Protection

Exterior protection for the house, such as
sea walls, is often desirable in unprotected shore
areas to break up the force of the waves and
water. A wood sea wall often affords better
protection than one of concrete because concrete
wall footings are sometimes undermined by wave
action. Wave action, even in well established and
partially protected areas, often causes damage to
foundation construction. Lack of reinforcing can
also cause severe damage or even complete
failure of concrete block walls, as shown in
figure 50.

Protection for window glass and sash can be
provided by the use of shutters or other coverings
(fig. 51). They can be designed to be a part of the
architectural motif and provided with hinges so
that they can be readily closed. The use of
sheathed inserts which fit into the framed openings
is another variable. In all cases, the shutters or
other coverings should not contact the glass.

Figure 50.--Inadequate reinforcing was responsible for the
failure of the masonry walls of this house when washed
by high waves during a hurricane. ZM 111 535



They should be made of heavy plywood, lumber, complete protection from all types of hazards,
or other material which can resist the force of their use will provide good resistance to wind-
flying objects. While such units cannot assure driven objects and protect glassed openings.

POLE-TYPE CONSTRUCTION
Round poles in some form have been used in

structures almost since man has inhabited the
earth. These have included closely spaced tree
trunks covered with animal skins, log palisades
for stockaded enclosures, and notched horizontal
logs forming cabins. The present use of poles
often consists of a structural framework which
is suitable for many types of buildings.

In the past few decades pole construction has
influenced the design of some types of structures.
Since 1945 the use of properly-treated poles for
foundation and framework has dominated the
building of new farm structures.

Utilization of poles on the farm is usually
dictated by two needs: (1) low-cost buildings and
(2) structures which would fit into mechanized
farm operations.

While the pole-type structure seems particu-
larly adapt able to the farm, it is also being used
successfully for industrial and commercial build-
ings. Again its use is governed primarily by
economy, as experience had shown that building
costs could be reduced by 25 to 50 percent or
more. Costs have ranged from $1.00 to $1.50
per square foot for farm buildings to $2.00 to
$4.00 or more per square foot for commercial
buildings, depending on location, type of finish,
and so forth.

From these original designs, poles are being
used in the construction of summer cabins,

Figure 51.--Well made shutters give protection against
windblown objects. Three feet of sand was deposited
during this storm, Note buried steps. ZM 128 796

permanent homes,
(fig. 52). Properly
have resisted the

and hurricane-proof houses
constructed pole-type houses
terrific forces of Hurricane

Donna in 1960, Hurricane Carla in 1961, and
more recent storms.

The pole-type building has high resistance to
wind pressures, is adaptable to relatively low
overall construction costs, and can have a pleasant
architectural appearance. Thus, it has good
potential in hurricane areas. It must also be
remembered that such a structure, if mainly of
wood, is not only suitable for such high-wind
are as as the Gulf areas and the southeast coastal
States, but is also resistant to damage by earth-
quakes in other areas. Furthermore, it is adapt-
able to building sites such as steep hillsides or
areas of unstable soil.

Pole Treatment

Any type of round or faced pole or squared
timber which is to be used for a pole structure
and is embedded in the soil or in a concrete
base must have a preservative treatment. Proper
preservative treatment of the poles to resist
decay and termites is essential if they are to
last as long as the other wood parts of the
structure.

A majority of the poles of the 25 species
commonly used, other than the cedars, are

Figure 52---A recently constructed pole-type beach cottage
designed to resist hurricane damage. ZM 128 804
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given full-length, empty-cell, pressure treatment.
The majority of poles are treated with coal-tar
creosote and most of the remainder with penta-
chlorophenol solution. Waterborne preservatives
are being employed to some extent, Federal
Specification TT-W-5719  and American Wood-
Preservers’ Association Standard C4  cover
the general treatment of poles. Also of importance
is AWPA Standard C16  which covers wood
used on farms, including barn poles. When butt
treatment only is required, poles are treated by
the hot- and cold-bath, open tank process. Prop-
erly treated poles can be obtained in most areas
of the country.

Pole Classes

The American Standards Association’s “Speci-
fications and Dimensions for Wood Polesm

covers various properties of poles, including
sizes and species. Treated poles are divided
into nine classes based on (a) their circumference
6 feet from the butt and (b) breaking load:

Class Breaking load
(pounds)

The size of poles as related to strength varies
somewhat by species. Tables based on the average
fiber stress of each group of species have been
developed.

To indicate how sizes may vary by species,
so that a Class 1 or other class pole has equal
strength, the following example is presented: A
20-foot, Class 1 pole of a species with a fiber
stress of 4,000 pounds per square inch would
require a minimum butt circumference of 38.0
inches; by contrast, a similar pole of a species
with a fiber stress of 8,000 pounds per square inch
would need a minimum butt circumference of only
31.0 inches. Another example: A 30-foot, Class 5
pole,  for a species with a fiber stress of

8,000 pounds per square inch, would have a butt
circumference of 27.5 inches, but in a 4,000 -
pound-per-square-inch species the butt circum-
ference must be 34.5 inches.

Pole Footings and Anchorage

Poles or timbers used in the construction of a
hurricane-proof house may be used (1) as foun-
dations anchored rigidly to the floor system or
(2) as part of the full framework of the structure,
acting as vertical supports for floors, ceilings,
and the roof. This section principally concerns
their use as part of the framework in the construc-
tion of hurricane-resistant houses.

Embedment in soil. --Normal use of poles for
the basic framework involves their embedment
in the soil. The depth required to supply resis-
tance to wind pressures and uplift depends on
several factors, including horizontal thrust, diam-
eter of embedded portion of pole, and soil pres-
sure. Thus, proper embedment depth for a series
of poles used to support the wall, floor, and roof
system of a house may vary from 6 to 8 feet
below ground level. Some building codes in coastal
areas require that piles used for foundations
only penetrate into the ground as much as the
height above gound, but not less than 8 feet.
Other requirements govern the spacing of poles
and the cross ties between them. All designs of
pile foundations and pole framing, of course,
must ordinarily be approved by city or other
local building officials. Thus before construction
of a hurricane house, the local building officials
should be consulted for guidance. Their require-
ments for pole embedment will likely aid in the
design of the pole framework.

Excavating for poles. --Poles are most often
placed in the gound by excavating and, in some
areas, by water-jetting. In a pole-type structure
where the. full length of the pole is used and
becomes a part of the floor and roof framing,
excavating is likely the cheapest and most prac-
tical because poles are easily alined and plumbed.
Portable drilling rigs mounted on trucks or
tractors are readily available. Poles are some-
times water-jetted in shore areas, but some
codes require that a jetted pole be driven an
additional foot to minimize the chance of water
pockets under the butt end. This, of course,
increases the placement costs.
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Embedded and anchored sill. --The use of a
treated timber sill may prove desirable under
certain conditions as a support and tie for poles
or squared timber uprights similar to figure 25.
A heavy galvanized “U” strap and lagged 2- by
6-inch braces at corner and intermediate posts
provide anchorage to the sill. All wood members
should have preservative treatment and metal
fastenings should be galvanized.

Some of the hurricane area soils, such as the
Florida Keys, consist mainly of coral or other
rock with little or no top soil. In such cases, it
is necessary to excavate by air hammer or
similar means for the poles or timbers. One
system which may be used to advantage is
excavating to such a depth at each pole location
as will provide good anchorage. Depending on the
rock formation, this depth may be from 3 to
4 feet, After excavation and positioning the pole,
the hole is filled to grade line or above with
concrete. The use of wire mesh or other rein-
forcing and lag-screw or bolt anchors is advisable
(fig. 53).

Pole erection--- Because of the popularity of
the pole structure, most pole suppliers and wood
preservative companies have information on lay-
out and erection methods of poles for buildings.
Contractors specializing in pole structures are
often available to erect the pole framework of
the building. The following brief description of
one commonly used system may be helpful.

The corners of the building are established
and retained by sets of batten boards located

away from the building line. Strings from one
batten board to the other outline the sides and
ends of the building. Pole locations along the
sides and centerline are marked and staked, The
holes for the poles should be drilled or dug
8 inches larger in diameter than the butt diameter
of the pole to allow for alinement and for soil
tamping or a reinforcing concrete collar. It is
important that the bottom of the hole contains no
loose dirt which might cause settling. A concrete
pad or treated wood plank is sometimes used at
the bottom of the hole to provide additional support.

The corner poles which have been faced on
adjacent sides for floor and roof framing are
erected first. The butt ends are placed in the
hole and the faced sides are plumbed and alined
with the building corner. Braces from the top of
the pole to ground stakes will hold the top
rigidly and a small amount of tamped dirt around
the butt will hold the bottom in position. Poles
along the side of the building and along the
centerline are now positioned, plumbed, and
braced (fig. 54). This temporary bracing is left
in place until floor and roof framing have been
finished and the final dirt tamping completed.

Resistance to bending can be increased by
pouring a concrete collar around the pole rather
than backfilling with soil, as previously mentioned
(fig. 55). This collar is desirable if subsoil
excavation is difficult. The effective diameter of
the pole is increased by this method, thus
requiring less embedment than the uncased pole,

Figure 53---Anchorage in rock. ZM 128 635
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Figure 54. --Embedment and alinement of poles. Depth of
embedment depends on spacing and size of poles, wind
loads, and so forth, and may vary from 5 to 8 feet.

Figure 55. --Concrete collar for pole permits shallower
embedment. Use reinforcing mesh around pole. ZM 128 632

EXAMPLES OF POLE HURRICANE HOUSES
Pole-Type House pole construction is basically more resistant to

hurricane wind forces than a conventionally
The true pole-type house is one in which a framed house erected on a pole or pole and pile

gridwork of poles extends from below the gound foundation. Poles for such construction may be
to the roofline and becomes a part of the floor, round, square, or rectangular, depending on the
ceiling, and roof framing (fig. 56). This type of design selected. However, when sawed timbers
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Figure 56, --A pole-type house can be attractive as well
as sturdy. ZM 128 797

are used they must be squared or faced before
treating. Sawing treated poles to a square form
or facing one or two sides will remove most, if
not all, of the protective treatment. The protection
is most important, of course, in that portion of
the treated pole from the bottom of the embedded
butt to just above the goundline.

While the following designs and fastening
methods are based on good construction princi-
ples, it is important that local building codes be
consulted so that construction details comply with
regulations. Most building ordinances require
that house plans be approved before construction
begins.

Pole facing and notching.--In a research study
of pole construction for farm buildings, it was
found that facing one side with a saw before
treating allowed easy alinement and fastening of
frame members (fig. 57A). Corner poles were
faced on two adjacent sides. The same facing
system can be used for exterior poles in the
construction of a pole house. However, notching
poles at frame member locations is also satis-
factory (fig. 57, B and C) and, when above grade,
can be done after pole has been treated.

Pole layout and house plan. --A typical plan and
pole layout is shown in figure 58. Poles are
located in grids of 7 by 10 feet, 7 feet for the
width of the house and 10 feet for the length,

Figure 57---Notches for outside poles at floor and ceiling
line, or one- or two-faced sides:  pole faced by
sawing;  side pole;  corner pole. ZM 128 644

resulting in a 28- by 40-foot house. Poles around
the perimeter of the house and the interior center
poles are carried to the roof system, Six inter-
mediate poles extend only to the floor and are
anchored to the floor system.

The perimeter poles can be located so that the
exterior finish will cover the outside face of the
poles (fig, 59A). This features the poles as part
of the interior and requires that the poles be
notched for both band and header joists. However,
this system can be reversed quite easily by
notching or facing each side of the pole for the
header joists. The band joists are then fastened
to the headers by means of heavy joist hangers.
This results in exposing a portion of the per-
imeter poles on the exterior (fig. 59 B). Thus the
only poles exposed or partly exposed on the
interior would be three along the centerline of
the house. As previously indicated, these three
poles can be round or can be squared above the
floor level to facilitate framing of the partitions.

Floor framing.--Figure 60 is a half-section of
the pole house, showing poles in relation to floor,
wall, and roof framing members, Figure 61 shows
floor and wall framing details for interior and
exterior exposure of perimeter poles. The sizes
of joists, headers, and similar members are based
on the use of such species as Douglas-fir,
southern pine, and western larch.

When faced poles are being used, notching for
band (perimeter) joists is not necessary. The
band joists at floor and ceiling are 2- by 10-inch
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Figure 58. --Possible plan for 28- by 40-foot pole house
with all poles inside house:  full height poles; O poles
to floor only (anchor to floor system). ZM 128 649

Figure 59---pole exposed on:  interior of the house;
 exterior. ZM 128 645
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members which are fastened to the poles at each
side of the house by galvanized lag screws or
bolts and washers (fig. 62). End joints of these
members should be made at the pole.

Header joists, 2 by 10 inches or larger, are
bolted or lagged to each side of each pole across
the width of the house (fig. 62). Two- by 6-inch
floor joists may then be fastened to the header
joists by means of metal joist hangers or by the
use of a ledger strip. The size of the floor joists
and header joists may vary if spans are different
than in this plan. Joist tables are available for
selection of the proper sizes for the various
wood species.

For subfloors, diagonally applied boards or
plywood provide excellent resistance to racking.
For this purpose, 5/8- or 3/4-inch plywood or
nominal l-inch boards may be used. If a wood
block or resilient tile finish floor is to be used,
underpayment of plywood, hardboard, or particle
board is required for diagonally applied boards
or for unblocked plywood subfloor. It is better
practice, perhaps, to nail subfloor in place after
ceiling and roof framing have been completed
and soil tamped around the embedded poles.

When the floor surface must be established
well above ground level because of high water
during hurricanes, building codes in some coastal
areas specify that 2- by 6-inch cross bracing be
bolted between the poles, figure 7. Such braces
may be placed after the house framing has been
completed.

Ceiling and roof framing.-- Framing for the
roof and ceiling is similar to that used for the
floor framing. A 2- by 10-inch band joist is
bolted or lagged to the outside poles at the
ceiling line (fig. 63). In turn, pairs of 2- by
10-inch header joists for the ceiling and 2- by
12-inch rafters are bolted to outside and center
poles (figs, 63 and 64). These members then
provide end supports for the ceiling joists and
roof purlins. Joist hangers are used for the
ceiling joists, and hangers or a ledger strip for
roof purlin support.

To provide support and nailing for the roof
sheathing at the overhang, outriggers are used
between the first roof purlin and the band joist
and the cave line (fig. 63). These short members
are the same depth as the rafters and are
securely fastened by metal ties and by nailing to
provide resis tance to upl if t  forces during
hurricanes.

Plywood roof sheathing should be a minimum

of 5/8 or 3/4 inch in thickness; the 3/4 inch is
preferred when purlins are spaced 24 inches
apart or if the edges of the plywood are unblocked.
Good nailing and other fastening practices are
important in this phase of construction, as well
as in all others.

To supply a protective overhang at the gable
end, 2- by 4-inch lookout members are fastened
to the inner 2- by 12-inch rafter and to the outer
2- by 8-inch rafter (fig. 65). Fastenings should
consist of metal strapping and nails similar to
those provided at the cave-line projections.

Wall framing.--The wall system for this pole
house is more or less conventional, as it consists
of 2- by 3- or 2- by 4-inch studs spaced 16 or
24 inches on centers, depending mainly on the
exterior and interior covering materials selected.
Because no roof loads are carried by these
exterior walls, they are designed mainly to
resist lateral wind forces. However, any panelized
construction which is designed to resist wind
loads and is suitable, from the standpoint of
insulation and utility, with proper fastenings
should be satisfactory if it is approved by local
authorities.

Wall framing consists of 2- by 3- or 2- by
4-inch sole plates and studs. Studs are fastened
to the plate at the floorline (fig. 62) and notched
for the band joist at the ceiling (fig. 63). Exterior
finish may consist of Exterior plywood or any
other single or double conventional covering.
With 16-inch stud spacing, 5/8-inch-thick plywood
is desirable, and for 24-inch spacing 3/4-inch
thickness is recommended. All vertical joints
must be made over a stud,

To provide weather-tightness for a single
covering system, joints should be talked or a
batten strip used.

Proper nailing with eightpenny or ninepenny
galvanized or other rust-resistant siding nails
is necessary. If a board and batten-type of
exterior is used without sheathing, it would be
necessary to apply a  water-  and weather-
resistant paper over the studs. Horizontal block-
ing should be used as nailers for the vertical
boards. It is necessary that all covering materials
be fastened securely to both floor and ceiling
band joists to provide good anchorage. The
selection of exterior covering should be governed
somewhat by the need for protection from flying
objects.

When normal lap siding or similar exterior
covering is used, 3/8- or l/2-inch-thick plywood
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sheathing should be sufficient if it extends from
the band joist at the floor to the header or band
joist at the ceiling line (fig. 60).

Studs at the gable ends are fastened to the
2 by 8 end rafter and to the header at the ceiling
line (fig. 65), as well as to the floor plate.

Partition walls within the house carry no roof
loads, and size and spacing of the studs can be
governed by the thickness of the interior covering
and the wall thickness needed for door frames,
as well as need for resistance to sound transfer,
Sandwich panels, gypsum board, or insulating
board panels, or modified stressed-skin panels
may also be used as room dividers in the plan
shown in figure 58 or for any desired room
arrangement.

Miscellaneous. --The use of insulation and the
selection of interior covering materials, whether
they be prefinished plywood, fiberboard, gypsum
board, or other materials, depends on the wishes
of the owner or builder of the house. The most
important phases of the pole house are the poles,
the framing system, the fastenings, and the out-

side covering. In many areas, heavy shutters
will minimize damage from flying objects, one of
the worst offenders being gravel from the built-
up roofs of neighboring houses.

For pitched roofs the type of covering most
suitable to resist high winds is wood shingles or
shakes. Composition shingles which are not
anchored or metal roofs applied without sufficient
fastenings are often damaged during hurricanes.
This is not only reflected in the damage to the
roof but also to damage caused by rain entry
during storms and the damage to other houses
as shingles and roofing are wind-blown. Such
damage can occur even though the house is
structurally sound and can resist the forces of
hurricanes. Thus the importance of each housing
component as related to overall performance
during a hurricane must be realized. The loss
of an exposed stairway, for example, is unimpor-
tant when compared to severe damage or destruc-
tion of a house not designed to resist the forces
of wind and water.
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the American Institute of Timber Construction
Standard for Heavy Timber Decking

The same AITC Standard outlines the procedure
for application of the floor decking. This generally
consists of toenailing into the floor beam with
one fortypenny nail at each support and face-
nailing with one 6-inch spike. The use of annular-
grooved nails assures good withdrawal resistance
even during moisture changes. In addition to this
nailing, 8-inch spikes, preferably annular-groove,
are used to fasten pieces to each other. Manu-
facturers predrill the edges of the decking and
often furnish the spikes. These holes are spaced
not more than 30 inches apart. In laying up the
decking there should be a minimum of 4 feet
between joints in adjacent courses, and joints in
the same general lines should be separated by
two intervening courses. The edge member at
the location of the wall panel consists of a 3- by
6-inch sill placed on edge and lag-screwed to the
adjacent floor deck as shown in figure 71.

The type of finish floor selected usually governs
the type of covering used on the floor decking.

Strip flooring would be laid at right angles to the
decking over a flooring felt or vapor barrier to
prevent air infiltration. It is assumed that the
3-inch floor decking and the finish floor will
provide sufficient insulation for areas where
such houses would be constructed. For northern
areas, a lower “U” value could be obtained by
using 2- by 2-inch furring strips with insulation
between. Resilient flooring, such as a vinyl tile,
usually requires plywood or similar underlay-
ment installed over the decking.

Roof decking.--Roof decking is 2 by 6 inches
in size and may be laid with a continuous
staggered pattern. This system would require
20-foot lengths, however, with joints made only
over the rafter-beams. The continuous random
method requires end-matched decking, and lengths
of decking can be much shorter than for the
staggered pattern. If satisfactory species or
lengths of 2- by 6-inch decking cannot be obtained,
3- by 6-inch material, such as used for the floor,
may be chosen. Many manufacturers of decking
material can supply it in prefinished form, which

FPL 33 40



would eliminate the need for finishing the interior
surface.

Nailing of the 2- by 6-inch decking should
consist of facenailing into the beam with two
sixteenpenny annular-groove nails at each cross-
ing or as recommended by manufacturers of the
decking. To provide a tight joint, roof decking
should be laid over a bead of talking placed on
top of the end roof frames (fig. 72). Additional
roof insulation can be obtained by the use of
rigid insulation nailed to the decking before
application of the roofing.

Built-up roofs consisting of layers of asphalt
felt are ordinarily used for flat and low-pitched
roofs. Topping consists of a hot tar coating into
which is embedded gravel or similar aggregate.
Such a roof is installed by bonded roofers and is
guaranteed for a number of years, depending on
the type of construction. The built-up roof costs
slightly more than a good asphalt shingle roof.

Plastic roofing membranes have been introduced
and will likely be used to a great extent in the
future.

Wall panels---

Sidewalls. --A conventional framing system may
be used for the walls or they may consist of
light wood frames covered on the outside with a
grooved or other surface-treated exterior ply-
wood. Panels are then insulated and the interior
surface covered with plywood or other dry-
wall material. As shown in figure 73, framing
consists of nominal 2- by 3-inch or smaller studs
which are spaced about on 16-inch centers or to
coincide with the width of the covering materials.
Panels may also consist of sandwich combinations,
such as foam plastic cores with plywood or other
facings.
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Sidewall panels are placed over the raised
3- by 6-inch sill from the inside and against an
anchored 2- by 4-inch molding at the roof decking
(fig. 73). Panels are then toenailed to the roof
from the inside. The exterior plywood is nailed
to the sill from the outside with galvanized or
other rust-resistant siding nails.

The wall panels for the side of the house are
designed to be erected from right to left as
viewed from the interior. The exterior plywood
projects beyond the frame members on the left
edge to provide a means for nailing adjacent
panels to each other (fig. 74). Calking of the

ceiling-to-wall joints and the installation of a
molding will insure a tight joint. Calking along
the base and the installation of a baseboard will
minimize air infiltration (fig. 73). If wall plates
and studs are constructed in a normal manner
on the job, covering materials are fastened after
framing has been erected, so the need for any
strict framing sequence is unnecessary.

End walls. --End walls may also consist of
shop-constructed light frames or sandwich panels
or of a conventional frame wall. Figure 75 is a
view of one-half of an end wall. Floor and roof
decking are supported by the floor and roof
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beams, as previously outlined Wall panels extend
from the floor decking to the under side of the
end roof beams.

As described for the sidewall panels, end
panels are made of 2- by 3-inch or smaller wood
framing members spaced 16 inches on centers or
to accommodate the widths of covering materials
(fig. 75). End-wall panels consist of two pairs
of panels 9 feet 4 inches and 4 feet 3 inches in
width Grooved or other surface-treated plywood
extends beyond the framing at the top, bottom
and sides for fastening panels to the timbers and

to each other. Connection details between adjacent
panels and at junction of the side panels are
shown in figure 75.

End panels are installed from the exterior and
are fastened in place by nailing through the
plywood into the roof and floor beams (figs. 76
and 77). An exterior drip cap molding and
talking and quarter-round molding on the interior
provide resistance to air infiltration. Calking
and a base molding installed after finish floor is
in place may be used at the bottom of the wall
panel.
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FACTORS TO CONSIDER IN DEVELOPING
CODE REQUIREMENTS FOR
HURRICANE-RESISTANT WOOD FRAME
STRUCTURES

The Forest Service has received a number of
requests for assistance and suggestions for
development of requirements suitable for use in
building codes for light wood-frame construction.
Thus the following section is included as a guide
in the writing of such requirements.

The development of an “ideal” building code
for light wood-frame structures in hurricane
areas may be difficult because of the many
variables to be considered. However, some details
of construction are very important in providing
a structure which is resistant to high winds.
While some existing codes recognize these needs,
specific details relating mainly to wood construc-

tion are often lacking. Thus table 3 lists suggested
illustrations that may be used as a guide in the
development of a code for wood-frame structures
in hurricane areas. These are the connecting and
fastening methods and can be used in addition to
normal good framing and construction practices.
Commercial anchors and strap connectors are
usually avai1ab1e for the framing members
referred to in table 3 to accomplish the same job
as those shown. The important factor is that
these supplemental ties and connectors can pro-
vide better resistance to damage caused by high
winds. Good nailing practices are, of course, of
primary importance.

CONCLUSIONS
One of the many advantages of wood-frame

construction is its ability to absorb shock and
impact forces without failure. This capacity is
twofold. First, the wood itself is resilient and
can deflect under load. Secondly, the assembly
of components with nails, metal straps, lag
screws, and similar mechanical fasteners pro-
vides rigidity and strength but with some minute
movement at the joints, which further absorbs
shocks. Thus, a well conceived and executed
wood-frame structure has the capacity to resist
hurricane and earthquake forces.

The more important factors to be considered
in construction of a wood-frame house are:

1,

2.

3.

4.

Good construction details and design are
important in the use of wood as with any
type of material.
Consider the design and details of similar
neighboring wood structures which have
resisted the forces of nature.
Select the proper material for each use in
framing, sheathing, and covering of the wood
house.
Use wood parts which have the proper

moisture content. This is near the average
moisture content they will reach in service.
For example, the resistance of a nail driven
into a wood member with a high moisture
content will be greatly reduced when the
member dries out to moisture equilibrium
in use.

5. Good standard nailing practices in the fram-
ing, sheathing, and covering processes of
construction are important.

6. The use of supplemental reinforcing by
special anchoring, metal strapping, and other
methods is good procedure in hurricane
areas.

The preceding summary and other details of
construction that have been discussed and illus-
trated have been presented to improve the per-
formance of the wood structure. Many have been
adopted for use in various building codes and by
building commissions and associations. These
suggestions are intended to provide a better
wood structure to resist storms with a minimum
of damage and provide a longer service life with
less maintenance.
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