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C5. Soil and Hydrostatic Pressure and Flood Loads

5.1 Pressure on Basement Walls. Table 5-1 includes
high earth pressures, 83 pef (13 36 kN/m?) or more, 1o
show that certain soils are poor backfill matenal In
addition, when walls are unyielding the earth Pressure is
increased from active pressure toward earth pressure ar rest
resubting 1n 60 pcf {9 43 kN/m?) for granular soils and 100
pef (15.71 kN/m?) for silt and clay type soils {see reference
[4]). Examples of light floor systems supported on shallow
basement watls menucned n Table 3-1 are floor sysiems
with wood joists and floonng, and cold formed steel joists
without cast in place concrete floor attached.

Expansive soils ex::t in many regions of the United States
and may cauose serious damage to basement walls unless
special design considerarions are provided Expansive
soils should not be used as backfill because they can exen
very high pressures against walls  Special soil testing 15
required to determmine the magniude of these pressures It
1s preferable 1o excavate expansive soil and backfiil wnh
non-expansive freely-draining sands or gravels The
excavated backslope adjacent to the wall should be no
steeper than 45 degrees from the honzontal in arder to
minimize the ransmission of swelling pressure from the
expansive 501l through the new back{ill Other special
details are recommended, such as a cap of non-pervious
sotl on top of the backiill and provision of foundaucn
drains Refer to current reference books on geotechnical
engineering for guidance

5.2 Uplift on Floors and Foundations. If expansive
sotls are present under floors or footings large pressures
can be exerted and must be resisted by spec:al design.
Alternatively, the expansive soul can be excavated 1o a
depth of at least two feet {0 60 m) and backfilled with non-
expansivc freely-draining sands or gravel. A geotschnical
engineer should make recommendations 1 these situations

C5.3 Flood Loads. This secnion presents information for
the destgn of buildings and other structures o areas prone
to flooding. Much of the impetus for flood-resistant design
has come about from the federal government sponsored
initiatives of fiood insurance and flood-damage mitigation

The Nauonal Flood Insurance Program (IWNFIP) 15 based on
an agreement between the federal government and
participating communities that have been dennfied as
being floodprone The Federal Emergency Management
Agency {FEMA) through the Federal Insurance
Administration (F1A), makes flood insurance available o
the residents of communities provided that the community
adopts and enforces adequate fioodplain management
regulations that meet the munimum requirements. Included
i the NFIP requirements, found under Title 44 of the U S
Code of Federal Regulations, we minmum building design
and construction standards for buildings and other
structures jocated in Special Flood Hazard Areas (SFHA)

Special Flood Hazards Areas (SFHA) are those 1dennfeq
by FEMA's Mingation Directorale as bemng subject 10
inundation during the 100 vear flood SFHA are shown on
Flood Insurance Rate Maps (FIRM). which are produced
for floodprone communities. SFHA are 1dentified on
FIRM as zones A, AL-30. AE. AR, AO. AH and coastal
high hacard areas as V1-30, V and VE The SFHA 15 the
zrez m which communities must enforce NFIP-complaint,
flood damage resistan? design and construction practices.

Prior 1o designing 2 structure in a floodprone area. design
professionals shouid contact the focatl building official to
determine 1f the srie in question is located in a SFHA or
other floodprone area that 13 regulated under the
community's floodplain management regulations 1f the
proposed stucture 15 Jocated within the regulatory
flocdplain, local building officials can explain the
regulateny requiremnents.

Answers to specific questions on flood-resistant design and
consiruchion practices may be directed to the Mitigation
Division of each of FEMA's regional offices. FEMA has
regional offices that are ava:lable 1o assist design
professionals

C.5.3.1 Definitions. Three new concepts are added with
ASCE 7-98 First. the concept of the Design Flood 13
iniroducec. The Design Flood wili, at a minimum. be
equivalent o the {lood having a cre-percent chance of
peing equaled or exceeded in any given year {1 e., the Base
Flood or 100-year flood, which served as the load basis in
ASCE 7-923) In some mstances, the Design Flood may
exceed the Base Floed in elevation or spatial extent — this
will gecur where a community has designated a greater
flood {lower frequency, higher return period) as the flood
to which the communtty wtll regulate new construction

Mary communities have elected to regulate 10 a.flood
standard higher than the minimum requirements of the
Natienai Flood Insurance Program (NFIP). Those
commumniites may do so 1n a number of ways. For

example a commumly may requife new construction to be
elevated a specific vertical distance above the Base Flood
Elevation {this s referred to as freeboard), a community
may select a lower frequency flood as ts regulatory flood,
a community may conduct hydrologic and hydraulic
studies. upor which Flood Hazard Maps are based, in a
manaer different than the Flood Insurance Siudy prepared
by the NFIP (the community may complete flood hazard
studies based upon development conditiens at build-out,
rather than following the NFIP procedure which uses
condinions n existence at the ime the studies are
compieted; the community may include watersheds smaller
than one square mile in size 1 s analysis, rather than
foilowing the NFIP procedure which neglects watersheds
smalier than one square mile)

Use of the Design Flood concept in ASCE 7-98 will ensure
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that the requirements of this standard are not less resticine
than a communiry’s requirements where that communits
has elected 10 exceed minimum NFIP requirements In
mstances where a community has zdopted the NFIP
mirimum requirernents. the DeSign Flood descnibed 1 this
standard will default 1o the Base Flood.

Second, this standard also introduces the terms. Flood
Hazard Area and Flood Hazard Map, to correspond to and
show the areas affected by the Design Flood. Agamn n
instances where a community has adopted the mimimum
requirements of the WFIP, the Flood Hazard Area defaults
to the NFIP’s Special Flood Hazard Area and the Flood
Hazard Map defaults to the Flood Insurance Rate Map

Thira, the concept of a Coastal A Zone 1s introduced. 10
facilitate applicazion of revised load combinations
contained in Section 2 Coastal A zones lie landward of V
zones. or landward of an open coast shoreline where ¥V
zones have not been mapped (e g . the shorefines of the
Great Lakes). Coastal A Zones are subject to the effects of
waves, high-velocity flows and erosion. although not 1o the
extent that V Zones are Like V zones, flood forces in
coastal A zones will be haghly correlated with coastal
winds or coastal seismic activity.

C5.3.2.1 Design loads. Wind loads and flood loaas mayv
act simultanecusly at coastlines, particularly dunng
hurmicanes and coasial stormns. This may also be true
dunng severe siorms at the shorelines of large lakes. and
during nverme flooding of long duration

C5.3.3.1 Load basis. Water [pads are the loads or
pressures on surfaces of buildings and structures caused
and induced by the presence of floodwaters These loads
are of rwo basic types' hydrostatic and hydrods namic
Impact loads result froin objects transperted by
floodwaters st iking against buildings and structures or nart
thereof. Wave loads can be considered a special type of
hydrodynamic load

(C3.3.3.2 Hydrostatic Loads. Hydrostatc loads are those
caused by water either abave or below the ground surface,
free or confined, which 13 either stagnant or moves at
velocities less than 5 feet per second (1 32 mys) These
lnads are equal in the product of the water pressure
muitiplied by the surface area on which the pressure acts

Hydrostatic pressure at any point is equal in ali directions
and always acts perpendicular 1o the surface on which it is
applied. Hydrostatic loads can be subdivided into vertical
downward loads, lateral Joads and vertical upward ioads
(uplift or buoyancy). Hydrostatic loads acting on inclined,
rounded or irregular surfaces may be resolved into vertical
downward or upward loads and lateral loads based on the
geometry of the surfaces and the distnbution of hydrostatic
pressure.
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€3 333 Hydrodynamic Loads. Hydrodynamie loads are
tnose loads induced by the flow of water moving at
moderate 10 high veloan above the ground level. They
are usually lateral loads caused by the impact of the
moving mass of water and the drag forces as the water
flows around the obstruction Hydrodynamic loads are
computed by recognized engineening methods. In the
coastal high hazard area the loads from high velocity
currents due o storm surge and overtopping are of
particular importance. Reference [1] is one source of
design informanon regarding hydrodynamic loadings.

Potential sources of information regarding velocities of
floodwaters include local. state and federal government
agencies and consulting engineers specializing in coastal
enginzering. stream hydrology or hydraulics.

C.5.3.3.4 Wave Loads. The magnitude of wave forces
{Ibs'sg.ft YkN/m?) acting against buildings or other
structures can be 10 or more tmes higher than wind forces
and other forces under design condiions  Thus, it shauld
be readjly apparent that elevaung above the wave crest
elevation 15 crucal to the survival of buildings and other
structures. Even elevated structures, however, musi be
designed for large wave forces that can act over a refanvely
small surface area of the foundaton and supporung
Structure,

\Wave Joad calculation procedures n section 3.3 3 4 are
12ken from References [1]} and {3] The analytical
procedures described by equations 3-2 through 3-10 should
be used 1o calculate wave heights and wave loads unless
more advanced numencal or laboratory procedures
permirted by this Standard are used.

Wave load calculations using the analytical procedures
described in this Standard all depend upon the innal
computation of the wave height, which i5 deterrmned using
equations 5-2 and 5-3 These equations result from the
assumptions that waves propagating into shallow water
break when the wave height equals 78 percent of the local
stillwater depth and that 70 percent of the wave hewght hes
above the local stillwater level. These assumptions ars
identical ta those used by FEMA 1n 1ts mapping of coasial
flood hazard areas on FIRMSs.

It should be pointed out that present NFIP mapping
procedures distingmish berween A Zones and V Zones by
the wave heights expected in each zone. Generally
speaking, A Zones are designated where wave heights less
than three feet (0.91 m) in height are expected; ¥V Zones are
designated where wave heights equal 1o or greater than
three feet (0.91 m) are expected. Designers should proceed
cautiously, however. Large wave forces can be generated
in some A Zones, and wave force calculations shoula not
be resmcted to V Zones. Present NFIP mapping
procedures do not designate V Zones in all areas whese



wave heights preater than three feet {0 31 m) can occur
during base flood conditiens. Rather than rely exclusively
on fleod hazard maps. designers should invesuigale
historrcal flood damages near a site to determine whether
or not wave forces can be sigmficant

{.5.3.3.4.2 Breaking Wave Loads on Vertical Walls.
Eguations used to calculate breaking wave loads on verticzl
walls contain a ceefficient, C, Reference [3] provides
recommended values of the coefficient as a function of
probability of exceedance The probabilities grven by
Reference [3] are not annual probabilines of exceedance,
but probabilities associated with a distnbution of breaking
wave pressures measured durnng laboratory wave tank
tests. Note that the distribution 1s independent of warer
depth. Thus, for any water depth, breaking wave pressures
can be expected to follow the distnbution descnibed by the
probabilities of exceedance in Table 5-2.

This Standard assigns values for C, according to Butlding
Category. with the most imponiant buildings having the
largest values of C, Category 1l busldings are asstgned a
value of C, comresponding to a 1% probability of
exceedance, which 15 consistent with wave analysis
procedures used by FEMA 1n mapping coastal floed hazard
areas and n establishung mimimum floer elevations.
Categorv [ buildings are assigned a value of C,
corresponding 1o a 50% probabihity of exceedance. but
designers may wish to choose a higher value of C,
Category TII bulldings are assigned a vahue of C,
corresponding to a 0 2% probab:lity of exceedance, while
Category IV buidings are assigned a value of C,
comrespondimng to a 0 1% probabihity of exceedance

Breaking wave loads on vertical walls reach a maximum
when the waves are normally maident (direction of wave
approach perpendicular io the face of the wall. wave crests
are paraliei to the face of the wall). As gindance for
designers of coastal buildings or other structures on
normally dry land {1 e, fiocded only dunng ceastal storm
or flood events). 1t can be assumed that the direction of
wave approach will be approximately perpendicular io the
shorehine Therefore. the direction of wave approach
relative to a vertical wall will depend epon the onentation
of the wall relauve to the shorehine. Section 53.3 4.4
provides a method for reducing breaking wave toads on
vertical walls for waves not normally incident

C5.3.3.5 Impact Loads. Normal impact loads are those
which result from isolated occurrences of logs, e floes
and other objects normally encountered smking buildings,
structures orf parts thereof. Special impact loads are those
which result from large objects, such as broken up ice
floats and accumulations of debns, enher striking or resting
agamst a building, structures or parts thereof, Extreme
impact loads are those which result from very large objects
such as boats, barges, or collapsed buildings sinking the
building, structure or component under consideraiion {2]

impact load 1s catculated as feliows
F,=ma (Eq C3-1)
Where

F, = umpact load 1n pounds (kN)
m = wig = mass I1n slugs (kg) (Eq. C5-2)
w = weight of object 1n pounds (kN)
¢ = acceleration due to gravity 32 2 feet

per second per second {9 81 m/s?)
a=AVan (Eq. C3-3)
AV = change from V, to zero velocity
V, = velocity of obsect in feet per second {m/s)
At=ume to decelerate object 1n seconds

Assume that the velocity of the object is reduced 10 zero m
one second resuiting 1n a mimmum tmpact load

F =31V, npounds (Eq. C3-4)

[inSI F, =045V, inkiN]

Where larger than nermal impact loads are likely to occur
ithe mumtmum impact load presented 1n this sechion 15
inadeguate and speciat consideration n the design of the
cuilding or other structure 1s required. For example, ngid
structures of conerete or stee! may reduce the velocity of
the obyect 10 zero within a ume merval of 0 110 0 3
second

C.3.3 4 Special Flood Hazard Areas — A Zone. Noie
that the eleration requirements specified in Table 3-3
should apply 1o A Zones 1denufied on FTRMS, and to other
communtty-identified flood hazard areas with a 1% or
greater chance of flooding «n any given year Exception
commumnty -identified V Zones not idenufied as such on
FIRMs.

C5.3 3 Coastal High Hazards Areas - V Zones. In
coastal {lood hazard areas the veloaity of flow of the water
erades sout supporning the foundanen elements, such as
piles. piers. and colemns  Adequate embedment must be
provided to resist the effects of the design flood as well as
the accumulated scour from 2 number of smaller flood
evenlts Similar design requiremnents should be met in other
flood hazard areas mcluding coastal A zones, and along
niver areas and lakefronts where waier depths, wind speeds
and fetch lengths are sufficient 1o generate damaging
waves and high velocity flows capable of causing erosion
and scour

Note that the elevanion requizements specified in Table 5-4
should apply to V Zones identifted on FIRMs, and to other
commumity-identified flood hazard areas subject to high
velocity wave action, and with a 1% or grzater chance of
flopding 1n any ginen year
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(5.3.5.1 Elevation. Shear walls have not been included as
ameans of elevating buildings or other structures 1n coastal
hgh hazard areas. They can be very efficient in resisting
loads 1n the plane of the shear wall from wind, etc  There
15 concern about senous damage or collapse from wave
forces normal to the plane of the shear wall However 1t 1s
possible to design shear walls to resast such wave forces
and special impact forces. When shear walls are used, they
shoutld be oriented to minimuze the otal surface area
exposed to potenhal hydrodynamic and impact loads

5.3.5.3 Erosion and Scour. Scour 15 an impertant
consideration 1n the design of foundations in coastal high
hazard areas or ¥ Zone. In coastal areas, scour can be
significant due 1o area erosion resulting from the effects of
storm surge and wave action. Local scour around
foundation elements such as a pile or a column, mat
foundation or grade beam must also be considered 1n
determining the required depth of embedment or
anchorage. Along the coastline the erosion from many
small to large storms must be considered through
evaluation of historical records. The required embedment
of piles and foundations must include consideration of both
areal erosion and local scour at the foundation.

11¢
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C6. Wind Loads

C6.1 General. The ASCE 7-98 version of the wind load
standard provides three methods from which the designer
can choose. A new "simplified method” (Methog 1) for
which the designer can select wind pressures directly
without any calculation when the building meets all the
requirements for application of the procedure: and two
other methods (Analytical Method and Wind Tunnel
Procedure) which are essentially the same methods as
previously given n the standard except for some changes
that are noted.

The ASCE 7-98 version of the standard has been enurely
reformarted into a more "user fnendly " format  Specific
step-by-step design procedures are listed for appheation of
Methods | and 2 to aid the user » applyving the standard

Temporary bracing should be provided to resist wind
toading on structural components and structaral
assemblages during erectton and construction phases

C6.2 Definitions. New definitions have been added for
"approved,” "building envelope,” "regular shaped
butlding,” "rigid building and other structure,” "simple
diaphragm buillding,” "escarpment.” "glazing.” "wnpact
resistant glazing,” “impact resistant covermg.” "hill

hurricane prone regrons,” "mean roof height.” "opemings ™
"nidge.” and wind borne debns regron * These terms are
used throughout the standard and are provided to clanfy
application of the standard provisions

"o

™Main wind-force resisting system can consist of a
structural frame or an assemblage of structural elements
that work together to transfer wind loads acting on the
entire structure to the ground. Structural elements such as
cross-bracing. shear walls. roef trusses and roof
diaphragms are part of the main wind-force

res1sung system when they assistin transferring overzil
loads [87]

Building, enclosed, open, partially enclosed: These
definitions relate to the proper selection of intemnal pressure
coefficients, GC,, Bulding. open and Building, paruals
enclosed are specifically defined. All other bwiidings are
considered to be enclosed by defimition. although there
may be large opemings 10 two or more walls. An example
of this is a parking garage through which the wind can

pass The internal pressure coefficient for such a bullding
would be = 0.18, and the internal pressures would act on
the sohd areas of the walls and roof

Components and cladding: Components receive wind
loads directly or from cladding and transfer the load 10 the
main wind-force resisting system  Cladding receives wind
leads directly Examples of compenents inelude fasterers
purlins, gints. studs, roof decking and roof trusses

Components can be part of the mam wind-force resisung
system when they act as shear walls or roof diaphragmes.
but they may also be loaded as individual components.
The engineer needs (0 use appropriate loadings for design
of components, which may require certain compenents to
be designed for more than one type of loading. e g.. long
span roof wrusses should be designed for loads associated
with main wind-force resisting systems, and individual
membars of trusses should alse be designed for component
and ciadding joads [87]. Examples of cladding include
wall covenngs, curtain walls, roof coverings, exterior
windows (fixed and operable) and doors, and overbead
doors.

Effective wind area is the area of the building surface used
1o determine GC, This area does not necessarly
correspond to the area of the building surface contnibuting
1o the force bemng considered Two cases anse [n the
usua} case the effective wind area does comrespond to the
area mbutary to the force component being cansidered
For exampie for a cladding panel, the effective wind area
may be equal to the 101al area of the panel. for a cladding
fastener the effective wind area 15 the area of cladding
secured by a single fastener A mulhon may receive wind
from several cladding panels: i this case, the effective wind
area 1s the area assoctated with the wind foad that is
transferred 1o the muilion

The second case anses where components such as reofing
paneis. wail studs of roof trusses are spaced closely
together the area served by the component may become
long and narrow  Te better approximate the actua load
distrtbution 1n such cases. the width of the effective wina
area used 10 evaluate GC, need not be taken as less than
one third the length of the area  This mcrease i effective
wind area has the effect of reducing the average wind
pressure acting on the component  Note however that this
effective wind area should onty be used in geterm.ning the
GC, in Figures 6 5 through 6.8 The mduced wind loag
should be applied over the actual area iributary to he
component bemg considered

For membrane roof svstems. the effective wind area is the
area of an msulanen board (or deck panel if insulation s
not used) if the boards are fuilv adhered {er the membrane
15 adhered dirgctly to the deck) I the inselation boards or
memorane are mechanically antached or paruaily adhered
the eifective wind area 1s the area of the board or
membrane secured by a single fasiener or individual spot
or row of adhesive.

Flexible buildings and other structures: A buwlding or
other struciure is considered flexable of 1t contains a
significant dynamic resonant response.  Resonant respense
depends on the gust structure contained 1n the approaching
wind on wind loading pressures generated by the wind
flow zbout the building, and on the dynamic properties of



the building or structure  Gust energy in the wind is
smaller at frequencies above about 1 Hz. therefore the
resonant response of most buildings and struciures with
lowest natural frequency above | Hz will be sufficiently
small that resonant response can ofter be 1gnored. When
buitdings or other structures have a beight exceeding four
times the least henzontal dimension or when there 1s
reason to believe that the natural frequency is less than 1
Hz (natural penod greater than 1 second), natural
frequency for it should be jnvestigated. A useful
calculation procedure for natural frequency or period for
various building types 1s contaned in Section 9

Regular shaped buildings and other structures:
Defirung the imits of applicability of the analytical
procedures within the standard is a difficult process,
requinng a balance between the practical need to use the
provisions past the range for which data has been obtained
and restncuing use of the provisions past the range of
realisuc applicanon Wind load provisions are based
primariiv on wind-tunnel tests on shapes shown in Figures
6-3 through 6-8. Extensive wind-tunnel tests on actual
structures under design show that relatively large changes
from these shapes can, in many cases, have minor changes
in wind load. while in other cases seeminglv small changes
can have relauvely large effects, paricularly on cladding
pressures  Wind loads on complicated shapes are
frequently smaller than those on the simpler shapes of
Figures 6-3 through 6-8. and so wand loads delermined
from these provisions reasonably envelope most structure
shapes. Buildings which are clearly unusual should use the
provisions of 6 4 for wind-tunnel tests.

Rigid buildings and other structures: The defining
cnteria for ngid, in companson to flexibie, 1s that the
natural frequency is greater than or equal to 1 Hz, A
generzl gurdance is that mest rigid buldings and structures
have height to munimum width less than 4 Where there is
concern about whether or not a building or structure meets
this requirement. the provisions of section 9 provide a
method {or calculanmng natural frequency {penod = 1/
natural frequency).

C6.3 Symbols and Notatien. The following additional
symbols and notaion are used herein

A, = average area of open ground surounding
each obstruction

n = reference period, in years;

Py = anpual probability of wind speed exceeding
a given magnitude (see Eq C6-1);

Py, = probability of exceeding design wind speed
during n years {see Eq C6-1),

S =  average frontal area presented to the wind
bv each obstruction

Vi =  wind speed averaged over t seconds (see

Fig C6-1), 1n males per hour (meters per
second),

V3600 =  Mean wind speed averaged over | hour
{see Fig C6-1), in miies per hour
(meters per second},
B = stmcrural damping coefficient (percentags
of critical damping)

C6.4 Method 1 - Simphfied Procedure. Method 1 has
been added to the siandard for a designer having the
relanvely commeon low-nise (h < 30 ft) regulfar shaped,
simple diaphragm buiiding case {see new defimitions for
"sunple diaphragm buwlding” and "regular shaped
building") where pressures for the roof and wails can be
selected directly from a table. Two tables are provided;
Table 6-2 for the main wind force resisting system and
Table 6-3A and 6-3 B for components and cladding For
components and cladding. values are provided for enciosed
and partially enclosed buildings. Note that for the main
wind force resisting system Ln a diaphragm building, the
internal pressure cancels for loads on the walls, but must be
considered for the roof This is true because when wind
forces are transferred by honizonial diaphragms (such as
floors and roofs) to the vertical elements of the main wind
force resisting system {such as shear walls, X-bracing. or
moment frames), the collection of wind forces from
windward and leeward sides of the burlding occurs in the
honzontal diaphragms. Once transferred into the
honzuntal diaphragms by the wall systemns, the wind forces
become a net horizental wind force that 1s delivered to the
vertical elements  The equal and opposite internal
pressures on the walls cancel in the horizontal diaphragm.
Method 1 combines the windward and leeward pressures
inlo a net honizontal wind pressure, with the internal
pressures canceled  The wser 15 cautioned 1o consider the
precise application of windward and leeward wall joags to
members of the roof diaphragm where openings may exist
and where pasticular members such as drag struts are
designed The design of the roof members of the main
wind force resisting system is still influenced by internal
pressures, but for the limitatrons imposed on the simple
diaphragm buwlding type, 11 can b2 assumed that the
maximum uplift, produced by a positive intemal pressure,
15 the controlling load case For the designer (o use
Method 1, the bullding must conform to all seven
requirements in 6 4 1 otherwise Method 2 or 3 must be
used. Values are zbulated for Exposure B; multiplying
factors are provided for other commeon exposures. The use
of the Simplified Procedurz for low-rise buildings in
Exposure A 15 not recommended because of the greater
uncertainty of wind load distribution in sucn an
environment. The following values have been used in
preparation of the ables:

h = 30fi Exposure B K,=070

K,;= 085 G=085 K,=10 I=10
GC,, == 0.18 (enclosed building)

GC,, = = 0 55 (parnally enclosed butlding}

Pressure coefficients from Figure 6-3 and Figure 6-3



C6.5 Method 2 - Analytical Procedure

C6.5.1 Scope. The analyucal procedure provides wind
pressures and forces for the design of man wind<force
resisung sysiems and for the design of components and
cladding of buildings and other structures. The procedure
tnvoives the determinanion of wind directionality and 2
velocity pressure. the selection or determunauon of an
approprate gust effect factor, and the selection of
appropriate pressure or force coefficients. The procedure
altows for the level of siructural reliability required, the
effects of differg wind exposures, the speed-up effects of
certan topographic features such as hills and escarpments.
and the size and geometry of the building or other strucrurs
under consideration. The procedure differentiates bemween
rigid and flexible butldings and other structures, and the
results generally envelope the most critical load conditions
for the design of main wind-force resisting systems as wetl
as components and cladding

€6.5.2 Limitations of Analytical Procedure. The
provisions given under & 5.2 apply to the majority of s:te
locations and buildings and surectures, but for some
locations, these provisions may be mnadequate. Examples
of site locations and buildings and structures {or poriions
thereof) that require use of recognized Literawre for
decumentation pertaining o wind effects, or the use of the
wind tunnel procedure of 6 6 include

1 Site Jocanons which have channeling effects or

wakes from upwind obstructions. Channehng

effects can be caused by topographic features

(e 2 . mountarn gorge) or buildings (e.g., a cluster

of tall buildings). Wakes can be caused by hills

o1 by buiidings or other struckures.

Buildings with unusual or irregular geometric

shape, including domes, barre! vaults, and other

tutldings whose shape {in plan or profile) differs
signtficantly frem a untform or senes of
superimposed prisms simular to those indicated in

Figures 6-3 through 6-8 Unuswal or srregular

geemetnc shapes include buitdings with muinple

setbacks. curved facades. iregular plan resulting
from sigmificant indentations or projections.
openings through the building, or mulu-tower
buildings connected by badges.

3 Buiidings with unusual response characterisnics,
which result in across-wind and/er dynamic
torsional loads, loads caused by vortex shedding.
or loads resulting from instabihinies such as flutier
or gailoping. Examples of bulldings and
structures which may have unusual response
charactenstics include flexible butldings with
natural frequencies normally befow 1 Hz, 1all
siender buildings (building height-to-width ratio
exceeds 43, and cylindrical buildings or
structures Note  Vortex shedding oceurs whean
wind blows across a slender prismatic or

[

cylindncal body  Voruces are aliernately shed
from one side of the body and then the other side,
which results in a fluctuating force acung at naht
angles to the wind direction (across-wind} along
the length of the body.

4 Bridges, cranes, electncal transmission lhines,
guyed masts, telecommunicatron towers and
flagpoles

C6.5.2.1 Shielding. Due to the lack of reliable analyucal
procedures for prediciing the effects of shielding provided
by buildings and other structures or by topographic
features, reductions 1n velocity pressure due to shielding
are not permitted under the provisions of 6.3. However,
this does not preclude the determination of shielding
effects and the comresponding reductions in velocity
pressure by means of the wind wnnel procedure in 6 6

C6.5.2.2 Air-permeable Cladding Air-permeable roof or
wail claddings allow partial air pressure equalizanen
berwesn thewr exterior and interior surfaces Examples
wictude siding. pressure-equalized rain screen walls,
shingles. nles. concreste roof pavers, and aggregate roof
surfacing

The design wind pressures derived from 6 5 represent the
pressure differential between the extenor and mtenor
surfaces of the extznor envelope {wall or roof system).
Because of parual air-pressure egualization provided by air
permeable claddings the pressures derived from 6 3 can
over estimate the lead on air-permeatle cladding elements
The designer may ezect either to use the loads denved from
6.5 or to use loads denived by an approved alternative
method [f the designer desires 10 determine the pressure
differenniat across the air-permeable cladding element,
appropnate full-scale pressure measurements should be
made on the applicable cladding element. or reference be
made 1o recognized Miterature [V], [16]. [37]. [73] for
documentation periairing to wind loads

C6.5.4 Basic Wind Speed. The ASCE 7 wind map
propesed for the 1998 siandard has been updated from the
map 1n ASCE 7-93 based on a new and more complete
anals sis of humeane wind speeds (78, 79] This new
hurmicare analvsis vields predictions of 30 and 100 year
return penod peak gust wind speeds aleng the coast w hich
are generally simular to those given in {88} and {89] The
decision within the Task Comminee on W ind Loads to
updaie the map relied on several faciors important te an
accurale wind specification

1 The new hurmcane results include many more
predictions for sites away from the coast than
have been available in the past [t is desirable 1o
include the best available decrease in speeds with
inland disiance. Significant reductions tn wind
speeds ocenr in inland Flenda for the new
analy s1s.
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The distance iand to which hurncanes can
influence wind speed increases with return

period It 13 desirable to mclude this distance in
the map for design of ulumate evenis (working
stress muitiplied by an appropriate load factor).

3 A humicane coast imponance factor of 1 03
acung on wind speed was (ncluded explicitly
past ASCE 7 standards (1993 and earlier) 10
account for the more rapid increase of hurricane
speeds with return penad in comparison (o non-
hurricane winds. The hurricane coast importance
factor actuaily vanes in magnitude and position
atong the coast and with distance inland. In
order to produce a more uniform risk of failure, 1t
15 desirable to include the effect of the
importance factor in the map by first mapping an
uitimate event and then reducing the event to a
design basis.

The Task Commitiee on Wind Loads chose to use a map
which includes the hurnicane importance factor in the map
contours  The map 1s specified so that the loads calculated
from the standard, after multiplication by the load factor,
represent an ultumate load having approximaiely the same
return penod as loads for non-hurricane winds (An
alternative not selected was to use an ultimate wind speed
map directly n the standard, with 2 load factor of 1 0)

The approach required selection of an sltimate retum
pericd. A return period of about 300 years has been used
previously for earthquake loads. This return period can be
denved from the nen-hurricane speeds in ASCE 7-95 A
factor of 0.85 is included in the load factor of ASCE 7-95
w account for wind and pressure coefficient directionaliry
[76]. Removing this from the load factor gives an effective
load factor F of 1.30/0.85=1.529 (round ta I 3). Of the
unceriaintiss affecting the wind load factor, the vanzbihity
in wind speed has the strongest influence [77]. such that
changes in the coefficient of variation mn all other factors
by 23 percent gives less than a 5 percent change in load
factor. The non-hurricane muttiplier of 30-year wind speed
for vanous retum periods averages Fe =036+ 0.1 In
{12T), with T in years [74]. Setting Fe=+VF=~1.5=

1 225 vields T =476 years, On this basis, a 500-year speed
can reasonably represent an approximate ultimate limit
siate event

A set of design level hurricane speed contours, which
include the hurmcane importance factor, were obtasned by
dividing 500-year hurricane wind speed contours by VF =
1.225. The implied importance factor ranges from near | 0
up to about 1.25 (the explicit value in ASCE 7-93 js 1.03).

The design level speed map has several advantages. First,
a design using the map results in an vitimate load (loads
inducing the design strength after use of the load factor)
which has 2 more umform nsk for buildings than occurred
with earher versions of the map. Second, there 15 no need

*

114

for a cesigner to use and interpolate 3 humcane

coast importance factor it 15 not likely that the 500-year
event is the actual speed at which engineered structures are
expected to fail. due to resistance factors in matenals due
to conservative design procedures which do not always
analyze all load capacity. and due to a lack of a precise
definition of "fadure”.

The wind speed map of Fig. 6-1 presents basic wind speeds
for the contiguous United States, Alaska and other selecied
locations. The wind speeds correspond to 3-second gust
speeds at 33 ft (10 m) above ground for exposure catepory
C. Because the National Weather Service has phased out
the measurement of fastest-mile wind speeds, the basic
wind speed has been redefined as the peak gust which is
recorded and archived for most NWS stations. Given the
response charactenstics of the instrumentation used. the
peak gust 15 associated with an averaging nme of
approximately 3 seconds. Because the wind speeds of Fig.
6-1 reflect conditions at airports and similar open-country
exposures. they do not account for the effects of significant
topographic features such as those deseribed 1n 6.5 7 Note
that the wind speeds shown 1n Fig. 6-1 are not
representative of speeds at which ulumare hinit states are
expected (o occur. Aflowable stresses or load factors used
in the design equation(s) lead to structural resistances and
corresponding wind loads and speeds that are substanually
higher than the speeds shown in Fig 6.

The hurricane wind speeds given in Figure 5-1 replace
those given in ASCE-7-93 which were based on a
combination the data given 1n [3], [15), [54], [88], and
[20), suppiemented with some judgement. The non
humncane wind speeds of Fig. 6-1 was prepared from peak
gust dara collected at 485 weather stations where at least 5
years of data were available [29], [30], (74]. For non-
hurmicane regions, measured gust data were assembled from
a number of stanons in state-sized areas to decrease
sampling error, and the assembied data were fit using a
Fisher-Tippett Type | extreme value disinbution  This
precedure gives the same speed as does arca-averaging the
50-year speeds from the set of stations  There was
insufficient variation 1n 30-year speeds over the eastern 3/4
of the Jower 48 states 10 justify coniours. The division
between the 90 and 83 mph (40 2 and 38 0 m/s) regions.
which follows state lines, was sufficiendy close to the 85
myph (38 0 m/s) contour that there was no sianstical bas.s
for placing the division off political boundanes. This data
is expected to follow the gust factor curve of Figure C6-1

[13].

Limited data were available on the Washington and Oregon
coast; in this region, existing fastest-mile wind speed data
were converted to peak gust speeds using open-country
gust factors [13). This limited data indicates that » speed
of 100 mph is appropriate 11 some portions of the speciai
coastal region in Washington and 90 mph in the special
coastal region in Oregon; these speeds do not include that



portion of the special wing region in the Columbia River
Gorge where higher speeds may be justified. Speeds in the
Aleutian Islands and i the interior of Alaska were
established from gust data  Contours i Alaska are
modified slightly from ASCE 7-88 based on measured
data, but mnsufficient data were available for a detailed
coverage of the mountainous regions.

C6.5.4.1 Special Wind Regions. Although the wind-
speed map of Fig. &-1 is vahid for most regions of the
country, there are special regtons in which wind-speed
anomalies are known to exist. Some of these special
regions are noted 1n Fig. 6~1. Winds blowing over
mountain ranges or through gorges or river valleys in these
specizal regions can develop speeds thar are substanually
higher than the values indicated on the map. When
selecting basic wind speeds 1n these special regions. use of
regional chimatic data and consultatton with a wind
engineer or meteorologist 15 advised.

It 15 also possibie that anomalies tn wind speeds ex'ston a
micrometeorological scale. For example, wind speed-up
over hulls and escarpments is addressed 1in 6 5.7. Wind
speeds over complex terrain may be better determined oy
wind-tunnel stuches as desenibed in 6.6. Adjustments of
wind speeds should be made at the micrometeorological
scale on the basis of wind engmeering or meteorological
advice and used 1 accoraance with the provisions of

6 3 4 2 when such adjustments are warranted

(C6.5.4.2 Estimation of Basic Wind Speeds from
Regional Climatic Data. When using regionai climatic
data in accordance with the provisions of 6.5 4.2 and 1n
lieu of the basic wind speeds given in Fig 6-1, the user s
cautioned that the gust faclors, velocity pressure exposure
coefficients, gust effect factors, pressure coefficients. and
forze coefficients of this Standard are intended for use with
the 3-second gust speed at 33 fi (10 m) above ground 1n
open country It 1s necessary. therefore, that regronal
chmatic data based on a different averagmg time, for
example hourly mean or fasiest mite. be adjusted to reflect
peak gust speeds at 33 {1 (10 m) above ground 1n open
country The resuits of staustical studies of wind-speed
records, reported by [13] for extraropaical winds and for
humecanes [78], ars given in Fig. C6-1 which defines the
relation between wind speed averaged over t seconds, V|
and aver one hour. Yigg0. New research cited in [78]
indicates that the old Krayer Marshall curve [20] does not
apply in hurricanes  Therefore it has been removed in
Figure C6-11n ASCE 7-98  The gust factor adjustment to
reflect peak gust speeds 1s not always straightforward and
advice from a wind engineer or metearologist may be
needed.

fn ustng local aara. 1t should be emphasized that sampling
errors can lead o large uncertainties 1in specification of the
50-vear wind speed  Sampling erTors are the errors
assoctated with tne hmited size of the chmatological data

sampies (years of record of annual extremes} it s posnible
1o have a 20 mph {8 9 m/s) ervor in wind speed at an
individual sialion with a record length of 30 years [t was
this type of error that led 1o the larpe variations m speed in
the non-hurricane areas of the ASCE 7-88 wind map

While local records of limited extent often must be used 1o
define wind speeds in special wind areas, care and
conservathism should be exercised i their use

If meteorological data are used to justify a wind speed
lower than 85-mph 30-year peak gust at 10 m, an analysis
of sampling error 15 required 10 demonstrate that the wind
record could not occur by chance. This can be
accomplished by showing that the difference between
predicted speed and 85 mph contains 2 to 3 standard
deviations of samphing error [67). Other equivalent
methods may be used

C6.5.4.3 Lumitation. [n recent vears. advances have been
made in understanding the effects of 1omadoes on
bulldings  This understanding has beer gained through
extensive documnentation of buillding damage caused by
torpadic storms and through analysis of collected data it :s
recognized that tornadic wind speeds have a significan:iv
lower probability of occurrence at a point than the
probability for basic wind speeds [n additton, 1115 found
that in approximately one-haif of the recorded tornadoes.
gust speeds are less than the gust speeds assoclated with
basic wind speeds. [n intense tornadoes, gust speeds neer
the ground are n the range of 130-200 mph (67-89 m’s)
Sufficient information 1s avarlable to implemeni temade
resistant design for above-ground shelters and for buildings
that house essential facilities for post-disaster recovery
Thus information is 1z the form of temado nisk
probatalities, tormadic wind speeds, and asscciated forces
Several references provide guidance in developing wird
lgad crizena for tomado-resistan design [1}. [2] [24]
through {281 [5371.

Tomnad:c wind speeds. which are gust speeds, associated
with an annual probability of cecurrence of 1x16°

(100 000 year mean recurrence interval) are shown in
Figure Cé-1A This map was developed by the Amenican
Nuclear Society comnuttee ANS 2.3 i the early 1980s
Ternade occurrence data of the last 13 years can provide a
more accurale tornado hazard wind speed for a specific
site

C6.5.4.4 Wind Directionality Factor. The existing wind
load factor 1.3 1n ASCE 7-95 includes a "wind
direcuionality factor” of 0.85 [76, 77]. This facter accounts
for two effects, (1) The reduced probability of maximum
winds comuing from any given direction (2) the reduced
probability of the maximum pressure coefficient occumng
for any gtven wind direction. The wind direcvonality
factor {tdentified as K, 1n the new stanaard) has been
hidden tn previous editions of the standard and has
generated renewed inerest i establishing the design values

P13



for wind forces determined by using the standard.
Accordingly. the Task Commttee on Wind Loads. working
with the Task Committee on Load Combinations, has
decided to separate the wind directionality factor from the
load factor and include its effect in the equation for
velocity pressure. This has been done by developing a new
factor, K, that is tabulated in the new Table 6-6 for
different structure types As new research becomes
availabte, this facior can be directly mod:fied without
changing the wind load factor. Values for the factor were
established from references in the literature and collective
committee judgment. It is noted that the ky value for round
chimneys, tanks and similar structures is given as 0.93 in
recoznition of the fact that the wind load resistance may
not be exactly the samne in all directions as implied by a
value of 1.0 A value of (.85 might be more appropnate if
a triangular trussed frame is shrouded in a round cover. 1 0
might be mere appropriate for a round chimney having a
lateral load resisiance equal in all directions. The designer
ts caunoned by the footnote 1o Table 6-6 and the statement
in 6 3 4.4 where reference 1s made 1o the fact that this
facror is only to be used in conjunction with the load
combmation factors specified in 2.3 and 2.4,

C6.5.5 Importance factor. The importance factor s used
to adjust the level of structural rehiability of a building or
other structure to be consistent with the building
classificanons indicated in Table I-1. The importance
factors given it Table 6-1 adjust the velocity pressurte o
different annual probabrmies of being exceeded.
Imponance-factor values of 0 87 and 1.15 are, for the non
hurnicane winds, assoctated, respectively, with annual
probabilities of being exceeded of 0.04 and 0 01 {mean
recurrence intervals of 25 and 100 years). In the case of
hurmicane winds, the annual exceedance probabilities
implied by the use of the importance factors of 0.77 and
1.13 will vary along the coast, however, the resulting nsk
levels associated wiih the use of these importance factors
when applied o hurmicane winds wiil be approximately
consistent with these apphed to the non-hurricane winds

The probability P, that the wind speed associated with a
certain annual probability P, will be equaled or exceeded at
ieast once dunng an exposure period of n vears is given by

P,=1-(I-P) 1C6-1)

and values of P, for vanous values of P, and n are listed
Table C6-2. As an example, if a design wind speed is
based upon P, = 0.02 {50 year mean recurrence interval),
there exists a probabiiity of 0.40 that this speed will be
equaled or exceeded during a 25-year period, and a 0.64
probability of being equaled or exceeded n a 50-year
period

For applications of serviceability, design using maximum

likety events, or other applications, it may be desired to use
wind speeds assecialed with mean recurrence tmervals
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other than 30 vears To accomplish this, the 30-year
speeds of Fig. 6-1 are muluplied by the factors listed 1n
Table C6-3 Table C6-3 s sinctly vahd for the non-
hurricane winds only (V<100 mph for continental U $. an¢
all speeds in Alaska), where the design wind speeds have 3
norminal annual exceedance probability of 0.02. Using the
factors given in Table C6-3 to adjust the hurricans wind
speeds will vield wind speeds and resulting wind loads tha
are approximately risk consistent with those denved for the
non-hurricane prone regions. The trite retum periods
associated with the hurnicane wind speeds cannot be
determined using the nformation given in this standard.

The difference in wind speed ratios between continental
US {V < 100 mph} and Alaska were determuined by data
analysis and probably represent a difference in climatology
at different Jatitudes.

C6.5.6 Exposure Categories. Revisions have been made
to definmions for Exposure C and Exposure D in
recognition of new research {86]. The definttions of
Exposures A and B remain unchanged. Proper applicanon
of exposure requires the designer to consider the following

2. Terran roughness for the particular surface area
surrounding the site including height and density ©.
wopographic features and other struciures

For each wind direction assumed, the vertical
frontal area of each obstruction to the wind for any
selected upwind feich surface area

!d

The Task Commuttee on Wind Loads has made a judgment
that 13500 feet or 10 times the strucrure height, whichever 1s
greater, is the appropriate fetch distance to consider for
Exposure B. One half mile or 10 times the structure
height, whichever is greater, remains the fetch distance to
consider for Exposure A

In an effort to assist the designer 1n the proper seleciion of
the Exposure B category, the following gindance 15
provided. Terrain roughness corresponding to Exposure B
may be defined by consideration of the frontal area of each
obstruction to the wind in the upwind fetch surface arca
[75]). For Exposure B to apply, on average the vertical
frontal area of each obstruction to the wind i the upwind
fetch surface area should be at least 5% of the area of open
ground surrounding it. Mathematically this may be
expressed as foliows:

5
ol
—ob_ =20.05 {C6-2)
Aob
where
Sop = average frontal area presented to the wind by

each obstruction, and



A = average area of open ground surrounding
each obstruction

Verucal fronial area 15 defined as the area of the projection
of the obstruction ontx a vertical plane normal to the wind
direction. The area s,, may be esumated by summung the
vertical frontal areas of all obsiructhions within a selected
ares of upwird fetch and dividing the sum by the number
of obstructions 1n the area. Likewise A, may be estimated
by dividing the size of the selected area of upwind ferch by
the number of obstructions in it

Trees and bushes are porous and are deformed by strong
winds, which reduces their effective frontal area. For
conifers and other evergreens no more than 50% of their
gross frontal area can be taken to be effective 1n
obsiructing the wind  For deciduous trees and bushes. no
more than 15% of their gross fronal area can be taken 10
be effective m obstructing the wind  Gross frontal area 1s
defined 1n this context as the projzction onto a vertical
plane {nermat to the wind) of the area enclosed by the
penimeter envelope of the tree or bush

The "upwind fetch surface area” for evaluation 1s currently
left to engmneenng judgment For component and cladding
design. where a single exposure is (o be selected
representing the most severe condition (highest wind
toads). it ts suggested that 30 degree sectors be consigered
in assigning the most severe terran exposure fol the site

A recent study [66]} has estimated that the majonty of
burldings (perhaps as much as 60-80%) have a terrain
- exposure corresponding to Exposure B

A new requirement in ASCE 7-98 states that /f a site 15
located 1n a transition zone between categories, the
category resultung in the Jargest wind forces shall apply.

Exposure C has been expanded to include the shoreline in
hurricane prone reglons based on a recent study of the
subject [86) 1t 1s recommended that Exposure C be used
for the shoreline 1n non hurmcane prone regioas where
open water extends at least 600 feer but fess than one mile
upwind from the building or other structure. 1f less than
600 feet of open water extends upwind then the terramn
further upwind becomes a factor 1n exposure selection.

Aerial photographs, representati e of each exposure type.
have been included 1n the commentary to aid the user in
establishing the proper exposure for a given site

Obviously, the proper assessment of exposure 15 a matter of
good engineering judgment.

A sigmificant improvement in ASCE 7-98 is that wind
forces for both the main wind force resistiing system and
compenents and cladding are now based on the actual
exposure that the structure 15 jucged to be in rather than the
concept of using only Exposure C or using a modify ing

exposure facter for Exposure B (See commentary
discussion under C6 3.31 ) In the case of component and
cladding elements and for low-rise suildings designed
using Figure 6-4, wind profiles for Exposures A and B
have been truncated 1n the bottom 100 feet and 30 feet,
respectively. The truncation accounts for wmncreased wind
loading coeffictents caused by local wrbulence and from
increased wind speeds near the surface associated with
operungs in the surface roughness such as parking lots,
wide roads, read intersections, underdeveloped lots and
tree clearings. Where such cleanngs adjacent to the
building exceed 600 fi (183 m) the use of Exposure C 15
recommended. This effect has been accounted for by
adjusung the velocity pressure exposure coefficient values
in Table 6-5. The use of a runcated profile eliminates the
underestimation 1n the wind loads which would oceur in
the absence of the truncation now that the actual exposures
are used in the design.

fn the case of compenent and cladding joads on high nse
buildings, the negative pressures wiil not be affecied by the
truncation since these loads are referenced to the dynamic
pressure at roof herght. In the case of the posinive pressures
near the base of a high nse buitding (h>60ft) 1n an
exposure B environment, the compenent and cladding
loads wili increase 1n the lowest 30 feet. This increase 1s
observed in wind wnnel tests. and the estimate of the
positive cladding pressures near the nase of tatler build.ngs
1s. and has tn the past, been underestimated :n most cases
using a non-truncated profile.

In the case of overall loads on buildings and structures. the
net effect of the changes 1n the charactenstics of the
turbulence is less important as the loads are integrated over
the entire structure. These overall loads are reasonably well
estimated when normaltzed by the peai gust wind spesd
ohtained using the non-truncated profife

In general. when using Figure 6-3, 1115 reasonable to base
main wind force resisting system loads on specific wind
directions since the frame leads typically can be correlated
with a particular wind direction and act in a direciion very
close to the wina direction  However, 1t should also be
recognized that the pressure coefficients in Figure 6-3 are
based on two perpendicular wind directions along the
butlding ax1s Pressures on components and cladding
required for design have, from expenence on many wiund
tunnel (2518, nol been consistently 1dentified with a
particular wind directton. In defining the exposure
category for components and cladding in 6.5.6.3.1 and
6.5.6.3.2, the phrase ". ..based on the exposure resulting in
the highest wind loads for any wind direction at the site”
has been added to alert the user to the fact that there is no
way to know, except for wind tunne] testing, which
pressure zones are asseciated with which wind directions.
Wind wunnel tests have shown high pressure zones te occur
at uneapected wind directions. Therefore. a single
exposure representing the most severe condition (highast

iy



